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ABSTRACT | /

' Preliminary estimates suggest that at least 1056 of the present

water requirements of Montreal could be drawn from the sub-surface,.

S
\ Data collected from '1951-3 from 161 wells; ranging i? depth :
from 8 feet to 919 feet, we£e used in.thiS'sfudy to interpreZ
the nature of the ground. Water level data indicated that the
ground water flow of the Island is radially outwé:ds from its

topographically high areas, . /

The dominant‘hydrogeochemical zoﬁe of Montreal is one of
calcium bicarbonate, which/correlates with the PalJeozoic
limestones found extensively on the Island. 7Two other minor
zOnes are supeximéosed on this, One is magnesium-rich, in
the west of the Isiand,'associated with the Beekmantoum
Dolomite. The othex is sod@um—rich; found ea;t and north of
Mount Royal; a gabbréic s%ock; and appears to be associated
with this;aqg minor“intrusionsg rather than . Quaternary- marine
o clays, ~&§carbonate is by farffhe most important anion, whilst
£ sulphate‘énd chloride achieve significant concentrations

3
locally. 3
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nage géochimique de 1'éau souferr%jne

de; 1'Ile de Montréal

. { :
M. D, EGGBORO
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v l ° -
‘ N
/ | N
| l M,.Sc. .
e . RESUME ’ v

' Des évaluatfions preéalables suggérent qu'au moins de 10y des
besoins actpelles en eau de Montréal pourraient &tre tirés de

dessous la jsurface.

®

Pour interpgréter la nature du terrain dans cette &tude on a .

utilisé ded¢ donndes recueillies de 1251 & 1953 de puits .

s'etendant| en profondeur de 2 m a 280 m. Les données du

nivegu de 1'eau indiquaient que 1l'eau souterraine de 1'Ile
: A

s'écoule radiallement au ddhors des zones topographiques &levées.

" ‘ .
-

,;

Le bicarbonate de calcium dans la zone hydrochimique dominante

corzespond aux calcaires palgozoiques gqui sont trés répandy@ﬁfw
sur 1'Ile., Surimpos@es la-dessus se trouvent deux.zones de
moindre importance. L'une, a 1'ouest de 1'Ile, est riche en

magnesium associ& au dolomite de Beekmantown. L'autre, riche

.

en sodium, se_trouve & 1l'ouest et au nord,de Mount Royal, et
semble @tre associée a ce culot de gabbro et & des autres

intrusions mineures plutot qu'aux argiles marines quaternaires,
. ? :
Surtout le bicarbonate est l'anion le plus impertant, tandis

que le sulfate et le thlorate atteignent en quelques endroits

.

des concentrations importantes, .

.
a
.
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CHAPTER 1 - INTRODUCTION

1.1 Purpose
There will be an increase in demand for water from 300 million
lgallons per day (mgd), to an estimated 450 mgd by 2,000 A.D.
on Montreal Island, (Montreafwﬁrban Community,1972?. Since
there may be a progressive deterioration in the quality of the
present surface sources of water,it will be useful to know the
chemical zonation and basic f{Pw pattern of ground water in
order to plan further development. - E
4
1.2 ‘ cope
Adams and Leroy, 190, were the first to consider the chemistry
of the ground water within the Island of Montreal,‘followed by
Cumming in 1915, Subsequently Pollitt made an extensive field study
,in 1951-3, gut did not publish_any resulits, Other hydrogeo-
chemical studies have been carried out in nearby areas by
Tremblay (1968)Land Freeze (i?é@), Ve | AN
The scope of this thesis has begn defined py the data co}lected
Py Pollitt in the most recent comprehensive study in 1951-3
(Fig. 1.1 and Tables I.Ta and 1,1,b). The data are of two
types, lithological and chemical, of which the latter is de-
tailed and reliable while the former is less specific and has
been augmehted f%om‘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 {(meg/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 1a ORIGINAL DATA SHEET - CHEMICAL,
,\ \{« - . DEP\RTMENT OF MINCS AND TECHMICAL SURVEYS
‘ QTTAWA, ST IO, MINDS o NG I INDUSTOIAL WATERS SECTICN
fvater Analysis Feport (Parts per Million)
Baboratory Number 6887 6896 6897 i
Field Numbex PM-53-16 PM-53-17 PM-53-18
Location Mentreal-area
Source of Water wWell no. & Well no. 5 well no, 2
¢ . Sampling Point A, Degrosbois- G. Renaud J. Murrxay
, 12-3rd Ave South 30-4th Ave, South 7-4thAve. North
- Collector K. Pollitt, G,S.C.
Analyst
. Date of Sampling . August to September 1953
Storage (davs)

Sampling Temp, °C
Test Temp. °C 25.3 - 25.3 . 25.3
Diss. Oxygen (0p) -
Carbon Dioxide

pH 8.4 . B.2 8.0
Colour g 4 5
Turbidity slight slight slight
Aljer—asg_CaCOx({Ph~ph) 2.6 o 0
Alk, as CaCOgz(MeO) 303 . 251 ' 34

Suspended Matter:-
Dried at 105°C
Ignited at-550°C

Residue on Evap. :- . R
Dried at 105°C

Ignited at 550°C ’
* Ignition Loss .
Conductance at 25°C% 1459 B23 - 821
Hardness as CaCOy:~'
Total .7 146 233
Carbonate 4 5:.7 . 146 233
Noncarbonate o o (o]
Calcium {(Ca) 9.2 - 2.8 50,0
Magnesiun (Mg) 7.7 20.5 26.1
Iron (Fe) Total
. Diss,
Aluminium {Al)
Manrganese (dn) .
Sodium (Na) 307 123 97.0
Potassifim (K) 6.8 8.0 7.6
Carbonate (CO,4) 3.1 o 0 .
) Bicarbonate (HCOs) 370 306 L2o
Sulphate (S04) 97.1 6.8 _50.6
Chloride (Cl) "215 70.1 "37.41
Fluoride (F) - 0.5 0.6
Phosphate (PO,)
Nitrite (NOL) X *
Nitrate (NOs) ‘L 0,20 0 o.ly
Silica (Si0O,) Grav,
S Col, 10.8 17.8 20.6
- Boron (R)
Sum of Constituents 1027 ’ L8o L97
¥Micromhos a »
( s Remarks

{
.

30

e
S

FURIOE: P .

iy op b

R AL

Foretnlite -



v, , -

SHEET - LITHOLOGICAL

2 TABLE 1.1D ORIGINAL DATA

e et <. oot ce e e o -

- ~
o ' ‘ - -
‘ (i _UATER .  SAMPLES MONTREAL
. o . vell '
No, ' Neme Addreosc N No. TYpO
Pu~1 Continental Gan . 3455 Cote de Liesso . . 1 Dr.
=2 Barraute Lunber- (o, § 100 3tingon Blvd, : ‘8 "
'-3 Bigoonnstto Cut Stone % 5001 Cot%e de Liesse o2 u
-4 8%, Croix Convent ‘8t. Crolx étreeﬁ 5

-5 Ayerst, McKenna & Harrigon- 1025 Hontee -85, Laurent 10

=6 Terry Machlnery Co, " 10030 Montee St, Laurant 100 n
~7 Webster Industries Inc, 10090 Montee St, Laurent 1l "
-3 Thidault Iece Co, ‘ 2760 Reading ‘ 51 f i
-8 Russel-Hipwell Engines 8101 Met?upclitan Blvd, 62 f 8
10 ¥n. C. Hall, Florists ' 175 Enston S
~11 Eimhurst Datry ) 7460 Uppor Lachine Rd. 63 ; @
=12 Coute des Neliges Cemetery | 14601 Cote des Noigos 110 é "
=13 Pratt Park | ! Dunlop & Lajoie i85 2 8
-1l 3t, -Viateur Park ; Bloomfield & Rernard 16 i "
=15 -Dominion Preserving 8%55 St. Dominique 27 ; a
~16 Transit Dry Xilna 19500 8%, Lawrence 25 ;
~17 Frontenze Brewery 5930 3€/E;5pe 91 | K
~15 Lion Vinegar 4637 Drolet 30 ° "

H

P« - 94\\\b‘\' N

v e e e ——

2901
| lnggth
. Elev, Dopth . Water i
135 200 | =13
3L, : 50 | ~12
133 f 150 { -16
126 . 250 -6
104 212 %—a
Q9 110 i -17
96 89 |ep13
50 333 ~1h
g1 160 1
1o | 72 -2
153 360 ' =15
Hs6 456 ! =50
315 770 | =60
243 - 210 . =30
145 : 85 i 0
T -5
e12 ?Eggvg ~33
17 575 . -

Limegtone

£
]
°
e

’
¥\

Aqutfeg_ﬂ__*

-

1

X Q}c\

mﬂcmarka L

e d

4

.o

Aeda, wi
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-
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balance poorer than 104 were discarded.
Hvdrologic data such as base flow and evapotranspiration rates
were taken from work done by Freezexin 196l "in the Lachine-St.

Jean aren, which i$ mainly to the south of the St. Lawrence

L/

River.' . .

N -

All data were recorded and processed using computer systems &
developed by the Departmeﬂﬁ*of éeological Sciences at McGill .
Universitv, Further discussion of the type and reliability of
thte data and its refrieval can be found in Appendix A,
Samples of printouts processed by the PLAN programme are -
included as Appendix D, whilst calculations of saturatfgn
" indices and other parameters form Appendix C,

a
This investigation consisted of a study of the hydrochemical
species of the ground water of Montreal Island, This was to
locate any hydrochemical =zones and to ascertain if they corre:
lated with the geology. The first four chapters of the thesis
introduce the environment and geology[bf the predominantly
limestone rocks of M;ntreal, and the factors which determine the
generél mode of occurrence of ground water, This sequence
allows emphasis to be placed on the hydxogeclogicai traits of

,

the system which have relevance in the subsequent discussion of

ground water composition and flow, Chapter 5, on the chemistry

of water, includes reference to the four major cations, Ca®+ |

- % oo . . - -
Mg®* , Na° , K , the four major anions, HCOgy4, CO%™, SOi ,
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FIGURE 2 1
“THE ISLAND OF MONTREAL - LOCATION MAP
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& Cl™ and to ‘the factors controlling their presence in witer,

~

v especially that of limestone terrains. Finally analyses are
\interpreted by means of Scheeller diagrams and horizontal and
vertical plots, so that explanations cculd be given of the

]
location of hydrochemical zones on Montreal Island,
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? CHAPTER 2 - GENERAL DESCRIPTION OF THE AREA

( l

%’; 1 Locat %OH

- | i ey . .
‘Montreal Island is located in the St. Lawrence Lowlands in the& %

k]

southwest part of the Province of Quebec, Canada (Fig. 2.1) be-
/
tween longitudes 73%23' and 73°28' west, and latitudes 45°%23'

and Lsou3 nofth. It is bounded by the St. Lawrence River 'to
‘the south and easﬁ,qu fhe Riviére des Prairies to the.north, °
t L ' ' :
and has an'irregular triangular shape of area 122,941 acres

¥ Ld

* (Lajoie and Baril, 1954%). It is 32 miles in length and has a

PV SV S O Vo W & AT

ﬁaximum width from Cartierville to LaSaiIb of 10 miles (Fig. 2.1

”points u'qna S).
v

’

< - . [
: 2.2 Physiography

Montreal has elevations between 60 feet and 760 feet above sea

level (Fig, 2.2): The lowgsf land is near the northeastern tip

of the Island, while the highest is in the area of Mount Royal

.
i
E
g

(Fig, 2.1 point 6).

2.2.% ;ogboraéhy \

!

- ;o The topography is for the most part flat and reflects
the structure of the underlying Palaeozoic strata, modi-
fied by a complex pattern of low morainic ridges and ' p
| A

qyacial activity, Bare outcrops of flat.rock are confined
A

h&;nly'to thé east of the Island, (Lajoie and Baril, 1954).
\ .

i
v

(’ . \‘
, 2.2.2 Drairdage o o

The Island is drained by small creeks which flow into the

i

-
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FIGURE 22 .
TOPOGRAPHIC MAP OF THE ISLAND OF MONTREAL
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St. Lawrence River or the Riviére des Prairies,which are
part of the taawa River - S5t), Lawrence River system,
The largest streams flow SW- NE, sometimes in abandoned
channels of the major river;. The streams tend to be
intermittent, meandering, and often poorly éentrenched,

. ghough the reverse is true of the last feature if clay
is encountéred, Drainage of the smoother clay areas i%
facilitated by secondary ditches, but free water flow

¢

from these

-

Yareas is frequently impeded by natural barriers

of stony till ox bedrock (Lajoie and Baril, 1954). The
presence of the followiﬁg great soil groups, Dark Grey
Gleisolicwéoils, Half-Bogs, Bogs and Alluvial soils, all
of which characterise poor drainage cdnditionsl shows
there is a relatively impermeable cover (Lajoie and Baril,
1954), Much constrﬁction in the last 15 years has modi-
fiea the natural drainage in detail,
;

Climate

The climate of the Eegion is humid continental with a mean %nnual

temperature of L5°F, The summers are warm, but the winters are

very cold, with temperatures 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), Historically, total precipitation
has ranged from 52 inches to 29 inches per annum but a mean for

the vears shown in Table 2.2 is 3.8 inches (Table 2.2).

.

FO Ml .
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TABLE 2.1

THE MEAN TEMPERATURES OF THE YEARS 1945 TO 1954
o o R

Y o | O ]

. Temperatures °F i

Year ) January July Mean h

195 - 8.49° 69.79 LL.42 "
1946 15,99  69.66 4l .87
1947 17.81  70.79 . Lh.1h
1948 ' . 12.64 © 70.80 Q5.09
1949 ‘ 21,48 73.27  L6.45
1950 21.56  69.92 43.98
(‘ 1951 18.68 70.12 L4 .81
1952 . 17.95  73.73 L46.10
1953 l 21.85  71.52 L47.54"
195l ) - 10.86 68.00 Lh.21

Seriomemier e Tot usas

}
:
'?;
]

o/
Station: McGill University Observatory
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TABLE 2,2

L]

THE ANNUAL PRECIPITATION OF THE.YEARS;;§AS TO 195,

Yearx , Ezg%iiiiiéigg

1945 : 49.36

1946 143.89

1947 .10 “
1948 38.05

1949 38.47

1950 : 43.55

1951 : bs.11
1952 47.65 '
1953 36.37 \
1954 51.72

. Mean annual precipitation over 10 year period is 43.8 inches

. p:'vf

Station: McGill University Observatory ' s

Note: 10 inches snow equal 1 inch rain

§
A
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About one third of this is in the form of snow, and at least six

months each year are affected by snowfall. The }émaining two

' thirds of the precipitation occurs during the growing season, at

which time evapotranspiration is responsible for a loss of about
ol of the annual pre¥ipitation. (Freeze, 196L, p 8).

[

Hydrological Cvcle in Montreal v

Ground water level depends on climatic conditions, Figure 2,3
(Brown, 1967, p. 102} shows the annual ground water hydrograph iL
a well in London, Ontario (Fig., 2.1 point 7). Un?orﬁunatel& no
well hydrograph is available from Montreal, however a simil#&
pattern 'is likely since the climatic conditions of both Montreal
and London are comparable. The only difference is the later
spring in Méﬁtreal which causes the maximum recharge to gccur

in April/May, at time of ice breakup, rather than in March as
X N\

shown on the hyvdrograph,

Fluctuations in the London hydrograph are apparently caused by
climatic controls since this well is pot affected by local pump-
ing, There is an increase in water level from a winter low at
the end of January, to a seasonal high at the‘end of March. A
decline sets in until September,atywhich time an incxease to a
second peak in December occurs. “Since the precipitation is uni-
formly distributed (Brown, 1967, p.100}, o%hez“factors must in-
fluence ground water levels, The maximum xechafﬁ@’takes place
in the spring at time of bfeakup,before increases in evaporation

by solar energy and transpiration by plants occur. Subsequently,

ki
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FIGURE 2.3
WELL HYDROGRAPH - ANNUAL VARIATIONS AT LONDON , ONTARIO

{ AFTER BROWN, 1967 )
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( \ ground water storage is depleted by vegetatioq“dﬁring the grow-

ing season,and by natural flow to discharge areas, Recharge

)
again occurs during the autumn,when 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

(Brown, 1967, p. 102},

i
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CHAPTER 3 - GEOLOGY

/

Introduction.

The quantity and the‘qualify of grgund water in any region depends
in some measure uﬁonAthe texture: and the mineralogic composition
of the rocks, so that the lithology and the stratigraphy Qfe a
guide to the development of ground water supplies, Accordingly,
the hydrogeological charagteg'cf each formation has been des-
cribed in this chapter.

[

Previous Worlk

The earliest ackno&ledged work on the geology of Montreal was
by Sir William Logan in 1863, This has been supplemented by
many studies of which the most recent wexeé by T.H, Clark in
1952 and 1972 who gave detailed reports of the stratigraphy and

geological history of the Island,

Stratiaraphv

The stratigraphic succession applicable to the Island of Montreal
is shown in Table 3.1 (Clark, 1972),
The area is underlain by Precambrian metasediments, paragneisses

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

Island, There are two exposures of anorthosite near Cartierville

similax to the Prfecambrian Morin anorthosite,but the relationship
to the local sedimentary works is in doubt, and they may be glaciél

bouldexrs rather than true outcrops, Cambrian Potsdam Sandstone



- -Bangc._of G ENETZRATLTISETD
. ' Ih!:!sus sy Aquifuer well zxoldl
Exa Zeriod Rock Uoit ; Lithelogx nLeet  Potentiad in puchog porgsity f -Permeability specific
apd . Lnleeg reldg
. Aftor Walton After Davis After wWalton
{Aftcr Clark 1972) After urown 1967 p 110 1970 p 33  and Dewicst 1970 p 34

1906 p Y6
and pp 4B-9 -

CAINQZOIC Pleistocene Alluvial sand and grawvel Excellent 30~ ho 102 - 1 15 - 25
o and Recent Chanmplain Sea Clay Poor 500G, 000 iS5 - 55 10~7« 108 1-10
Glaciofluvial sand and 1 rxcellent - 1.5x10° 3o-4o0 10-% - 107 * 10~ 20
Till grave Fair 220~ 30 108« 10-3 c.5g
MESOZ0IC Cretaceous  Montercgian Intrusives Essexite’ nopheline- ) -
syenite éka§, breceia Poor rax 80,000 0-5 21073 1-10
. 2 spow considered to bo gabbreo . .
¢ PALAEOZOIC Ordovician Lorraine Group Shale, minor sandy shale 1000 Fair to poor max 1,000 110 210-%- 10°3
- Utica Group . Shale, minor limestone 300 Fair to poor max 1,000 1-10 ?10°%-10-3
and sandstono .
3 = %3' ’ P
Trenton Group: «
' “Totreauville formation Fossiliferous limestone Cenerall
Montreal formation with shaly partings 8oo 3 Y 0~4.00, 000 o-10 1073 - 1 0.5 -5
Milc End formation Atundant bedding planes N 9
Black River Group: =
Lefay formation Limestone: minor shale ave 10,000 %
‘ i Lowville furmation and dolomite at base 60 Cood max 600,000 o-1o 1078 -1 0.5 -5
ramclia formation
Chazy Group Limestone and shale 280 GCood ave 10,000 0~ 10 108 - 4 0.5 -9%
. . Beckhmantown Group Dolomite: o ave 10,000
. dolomitic limostone at top od 1 000 - . . -
dolomitic sandstone at base 1060 Go rangg[ooo&,,o o-1o 10 ! 0.5 . 5
R
Canbrian Potsdan Formation Sandstonc, basal - a. -
’ conglomerata 0-1700  Good max 609,000 10~ 20 to-2 -~ 10 5-15
PRECAMBRIAN Igneous and metamorphic
» rocks - t

- L

TA LE 3.1 .
. L R AL

CTRATICRAPMICAL SUCCESSTON AND AQUTTLH CHAMACTERISTICS FOR TIE ISLAND OF MONTRLAL
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is the lowest member of the Palaeozoiéé and it‘crops out onnthe N
southern shore of the extreme western end of the Island at Ste,
Anne de Béllevue (Fig. 2.1 point 8). Overlying this are strata
of the Beekmantqﬁn, Chazy, Black River and Trenton éroups whose
maximum total thickness is about 2,200 feet, They tfange in com-
position from d?lomite to shaly limestone, They are overlain in
the eastern and northeastern parts of the Island by shales of the
Upper Ordovician Utica and Lorraine Groups (Fig, 3.1). This

sedimentary sequence is cut by the Mount Royal and other intru-

sions of Cretaceous age.
Glacial material overlies most of the Island,

Strycture

In general the sedimentary rocks of the area dip gently to the
east, Thexe-are few outcrops with dips og&more than 2°,
Steeper dips are found in the eastern part,bﬁt ééén these are

-

usually less than 10°,

The principal fold system is minoxr 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 anticline

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

The ma jor fault of the area is the White Horse Rapids fault

which cuts approximately east-west across the Island, just no;%h
/

:

of Mount Royal (Fig. 3.1), There are four other prominent east-
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Y

( west faults, the Ile Bizard, the Ste, Anne de Bellevue, the
Pointe Claire and the Lasalle faults,as well ag a number of
other minor ones (Fig. 3.2) of varying orientations but of

which little is known, Faults may affec¢t the yields of

different units by increasing or decreasing the hydraulic
donnection they have with oth%g aquifers. They may act as
positive or negative boundariés to be superimposed on other-
wise simple systems, They may also allow passages forxr saline

water from depth to migrate upward and impair an otherwise accep~

table ground water supply.

4l
[

-

3.5 ‘Hvdroaeolooical Characteristics of Linestone

Limestone can originate from a large number of different

s

sedimentary processes such as the inorganic precipitation of
muds, accumulation of shell 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 modified fapidfy after burial due to compaction;so
that the origiﬁél sedimentary structures are poorly preserved.

;% T N
In contrast if the rocks are relatively impermeable and dense

l
t0 start with, and the rocks axe not deformed, the sedimentary
structures may persist almost indefinitely, The porosity and
permeability of a rock may be primary or secondary. Usually a

combination of the two occurs in a given unit, In young lime-

stones primary porosity is relatively high, due to incomplete




3

 FIGURE 3.2

Small Fault at St. Vincent de Paul
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\ ( o . consolidation,while permeability is generally low, Secondary
|~ , ' o
ég porosity is due to diastrophic forces causing joints and frac-

tures (Swinne;ton,1942,p.660), and most features of geologiq

structure including fold§ and faults affect the secondary

o pqrosit&. Thick bedded limestones are brittle so that fold-

d ing c¢an cause closely spaced joints; thinner or unfolded units
will not be so jointéd and ﬁenpe have lower secondary 5Brosities.
Generally joints become tighter and less common with‘increasing

depth, - v

-
o

_Sometimes the intricate. series of small joint planes and fissures

,can be modified by solutlon 1nto extensive cavernn systems (Penn

et al., 1936). sSimilarly, re—prec1p1tatlon of calcite can occur

R

- H
causing a diminution in secondary porosity, Other mineralogic

»

changes are possible. The élteration of calcite to dolomite
can cause.a 1% reducfion in volume within a rock wﬁich will
result in additional pore space (Davis and DeWiest, 1966, p.353)
assuming there is no local reprecipijétioh of the caléium ions
as calcite. : N g

3

The'predominant feature of ground water in limestone terrains

/

is its capricious distribution, Théis (1936, p. 33) points out
| that Pa1a90201c limestones rely on their secondary openlngs,

often unpredlctably disposed, to store and transmlt water,
]

Piper (1932,p.69) notes that llmestones of older systems can

be very dense and contain no primary pore spaces other than

-—
-
Lo

minute openings in the bedding planes; again not conducive for

'ﬁw} ground water supply. '
4 '
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3.6 Hydrooeology of the Palaeozoic Sedimentary Rocks of Montreal Island

The hydrogeology and generalised history of the Palaeozoic rocks
of Montreal are now discussed in terms of their lithological and
ghydrological characteristics (Clark,1972,and Brown,1967).n The
surface appearances of these units are illustrated in a series

of photographs referenceiat the appropriate points. Values of

the hydrological properties:-have had to be gengxalised as no
field tests'have been made. Published details of the principal
aquifer chagacteristicé for the Islana of Montreal are summarised
in Table 3.1, along with typical values of porosity, permeability,

- specific yield and ranges of well yield. Freeze (196l,p.14)

suggested the occurrence of three hydrogeological units namely-

sandstone, carbonate rocks and shale,and gave likely values of
transmissivities (Table 3.2).

N 3

3.6.1 Ppotsdam Formation

Q

As mentioned above, the oldest rock which crops out on
ar «

" the Island appears to be the Potsdam Sandstone (Fig. 3.3)..
It Kas a maximum reported thickness of 1696 feet., It is
a thin to medium bedded white quartz sandstone which is
well fractured on the surface. It is composed principally
of variably cemented, often rounded and frosted sand grains. It
is brittle, and hence well jointed,and is weathered into

" many fracture zones. It thus possesses both primary and
secondary porosity and permeability;and SO serves as an
excellent aquifer with ind}éidﬁal well yields up to

( ¢ D

600,000 gallons per day (gpd).in the area to the west of

o
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TABLE 3.2

i

THE HYDROGEOLOGIC UNITS OF THE ISLAND OF MONTREAL

FY o g

PO,

(AFTER FREEZE, 1964, P.11)

\

:

Hvdrogeologic Components Transmissivity f
unit - gpd/ft ?

’ i

. Sandstone Potsdam Formation 1,000 to' 20,000 E
3

Carbonate ‘Beekmantown Group g
1

Chazy Group

500 to 7,000
Black River Group

Trenton Group

. Shale Utica Group ' :

300 to LOO 0
Lorraine Group

7 (g
< 0
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: FIGURE 3,3 “~ :
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The Potsdam Formation
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Montreal Island. From the standpoint of potgntial
2«@(ield and water quality, the Potsdam formati;n is the
best of the aquifers found in the Palaeozoic rocks of
Quebec (Brown, 1967, p.110), although on Montreal its
aquifer potential is reduced because of its small area
of outcrop and therdepth ét\which it is found. Freeze
(196&) considered the formatioh to have the highest

potential transmissivity of local units (Table 3.2).

eekmantown Grou

The presence of reworked sands in the basal beds of the
overlying Ordovician Beekmantown Dolomite: indicate that
an interval of marine regression aﬁd erosion followed
deposition of the Potsdanm sediments, The Beekmantown
Group is about 1000 feet thick, it has a variety of
features making it an acceptable aquiferx, These are a

moderately well developed joint system enhancing'fissure

flow, bedding characteristics varying from thick to thin,

mud cracks, cavities in place of dene dolomite,and
rounded sand grains with a calcareous cement liable to
weathering (Clark,1952,pp.2h~31),whi;h promotes the de-
velopment of secondary porosity and permeability. It .
weathers to flat,rectangular fragment% emphasising the

L]

joints and bedding characteristics,

a ro .e
Following a period of erosion the Beekmantown Group

was overlain by the Chazy limestone, which is at least

P
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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 are 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<;g%g to enhance a horizontal permeability
iﬁ.prefergpcg t; a vertici}'one (Fig. 3.4t). This prevents
¥

mixing, theoretically enabling chemical analyses of

ground water to finger print the strata from which they

were obtained. S

3.6.4L Black River Group

A minor unconformity separates the Chazy from the over-
lying Black River Group whose three formafions total 60
feet,or less than 5% of the whole thicknegs qf the sedi~
men%élfound on the Island of Montreal, The basal Pamelia
formation is_dolomitic but the top two formations, the
Leray and Lowville,are of limestone with bedding ranging
from 2 inches to 2 feet,and containing intercalated shale
horizons, The Leray formation is massive and férms
granular weathering préducts,while the Low;illg is more
thinly Qedded with some brecciation, All three forma-
tions are fin@ grained and possess numerous joints,

Some of these may be 3% inches wide which enhance its

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

o

3.6.5 Trenton Group

The Black River Group is succeeded by the Trenton Group

[
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' ' FIGURE 3.5a -
= The Black River Group
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[

FIGURE 3.5b

Jointing in the Black River Group
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whose average estimated fﬁickness'is 800 feet and whose

total outcrop area, some 138 mi?, is greater than that of
any other group on the Island. The group is subdivided
locally into three fo¥mations: the Tetreauville, at thE

top, the Montreal and the Mile End formations.

The Mile End formation, the lowest presen't is only 25

feet thick but is well stratified (Figs. 3.6a and 3.6b).

1
i

The succeeding Montrecal formation, whose two mambers,
the St, Michel and Rosemount total 300 f£eet in thick-
ﬁess, has a great variety in hoth lithoclogy and bedding.
It is basically a ﬁense, crystalline limestone and thus
has a lack of priéary porosity and permeability, How-
ever, it has'many bedding planes and weathers gasily
(Fig. 3.7). These secondary features substantially out-

weigh the negative primary Qnes to give it reasonable

aquifer potential,

The uppermost formation, the Tetreauville, i; similar

to the Montrxeal formation as both are dénge. It differs
from it, however, because of its lithological uniformity,
and its regulaf bedding, not exceeding 6 inches in thick-
ness, is marked by shaly partings (Fig. 3.8). Bedding
joints capable of transmitting water appear in excévations
to'have a ‘'vertical spacing in the range of 5 to 10 feet.
An examinationfof a tunnel, the Park Avenue Collector’

(Fig. 2.1 point 10), about 8 feet in diameter and } mile
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FIGURE 3.6b
Detail of the Mile End Formation




FIGURE 3.7
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The Montreal Formation of the Trenton Group
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The Tetreauville Formation of the Trenton Group '

%% >

J o N T .

‘

Bl "~ s

el

PRSP



36.

{ ; long, be;ng driven in this formation, showed it-to be
remarkably devoid of waéer. Thus since the bedding and
. vertical joints are often poorly developed:except when
exposed in surface excavations, 1its aquifer potential

is less than the other formations of this group,

3.,6:6 Utica and Lorraine Groups

[ The Utica Group of black, occasionally pyritiferous;
shales and mudstones;éverlies the Trenton. There are

. minor interbeds of limestone andlsandstone, Both this

and the overlying Lorréine Group generally havela poorly

developed fracture system except in the upper weathered
v

zone which is a few inches thick,

-

3.7 Aguifer Potential of the Sedimentarv Rocks

The carbonate rocks of the Beekmantown, Chazy, Blaék River and
Trenton Gxoups,ére characterised thin to thick beds from less
than 1 inch to about 2 f%gt, andlpoorly to moderately well de-
veloped vertical and hori?phtal joints, Although the extent of
fracturing and developmentsof other openings of these rocks is
not eveiywhere the same, and tﬂéﬁgh there is considerable varia-
~.tion inntheir aquifer potential, they may be considéred as one
hydrogeoidgical unit because there is not amajor aguiclude &ithih

the carbonate sequence,

.

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

in all of. these groups,though not specifically on ‘the Iéland.

An average yield is about 10,000 gpd (Brown, 1967, p.110), and

g ne

et <

LR NS



{ from the next chapter this can be seen: to be well within the

L3

recharge capability of the aquifer.

E

3.8 Hydrogeoloav of the Ianeous and AfSociated Racks

0
The Palaeozoic sediments of the Montreal alrea were intruded

N during Cretaceous ‘time, by plutonic igneoups rocks whose rem=-

'”‘::1 ¥

.
P

Zi

nants now form a series of eight hil}s. These were called .the

Monteregian Hills by Adams 'in 1904,who took the name from Mount

Royal the only prominent hill on the Island of Montreal.
Mount Royal, in the south ceéntral p;xt of the Island,has an
area of about 3 mi® and an elevation ‘of 760 feet (Fig, 2.27),
It consists principally of two plutonic rock types, 7The most
abundant, 90% -of the area, is older, It is a medium-coarse
grained, variably coloured gabbro, of divexse cmmpqsition
(Fig, 3.9). The younger is a medium gx&ined and light coloured
nepheline~syenite. There are dykes and sills related to eacﬂ
type in the immediately surrounding sedimentary rocks, ’As one
goes outward from.the mountaii they become less common, Most
of the dykes are from one to two feet wide, although they
range downward to paper thinness and upward to a maximum of
12‘feet.(Fig. 3.10). |

4
Certéin of the minerals of these rocks are unusual., They are
chemically alkiiline and the amphiboles, specifically hasting-
site, are more abundant ‘than the pyroxenes. A more detailed
mineralogical inventory is given by Clark (1952, pp.84~-92).

4
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FIGURE 3,10
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The contacts of the intrusions are marked in places by horn-
felsing of the Utica shale, There is also evidence of meta-
morphism of the limestone, of tilting, crumpling and breccia-
tion., In many places on the north and west sides,théhlimestone
dips outward from the mountain,but this is only of local signifi-
cance, To theinérth of the Summit Circle of Westmount (Fig., 2.1
point 11), the Erystailine limestone has been subjected to in-
tense local crumpling (Clark,1952, p-109) (Fig, 3.11), but this
may not have noticeably enhanced the permeability of the rock,
Although intrusives are generally impervious, certain wells

have yielded up to 80,000 gpd in areas close tg the contact

with the country rock, where the intrusives are fractured,

Hydrogeoloav of the Surficial Demosits

Almost the whole area is covered by unconsolidated Recent and
Pleistocene sediments (Fig. 3,12) resulting from:
a) glaciation during the Wisconsin stage,
b) marine invasion during the recessional phases of glaciation,
and
c¢) alluvial deposition during and following the withdrawal

of the Champlain Sea from the area (Brown, 1967, p 114).
In general the thickness of the surficial deposits increases
from the flanks of‘Mount Royal towards the river banks, though
there appears to be a ridge of less deeply buried rock running

approximately parallel to Bléury,between Lagaucheti2re and

. Ontario streets (Fig. 2.7 points 12, 13 and 14 respectively),

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

18), The whole sequence is a farrago as indicated by Prest
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FIGURE 3.12
SURFICIAL DEPQOSITS OF THE ISLAND OF MONTREAL
- - (AFTER MAP PUBLISHED BY THE SERVICE D'URBANISME DE MONTREAL 1966)
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N

and Keyser (1962,p.10) who gave the following description
"basal stony till is overlain by a complex of till and strati-
fied sediments followed by varved clay silts'. These are over-

!

lain by an ""upper silt till which in turn gives place upward to

N

~ 0\
marine sediments followed by fluvial and bog deposits', The

maximdm thickness is over 100 feet.

VA
There is a larae Wume of marine sand and gravel on the flanks

of Mount.Royal whicﬁ'xeprésents shoreline deposits of the reced-
ing Chanplain Sea.‘fWave action keworked the ice Eonﬁact strati-
fied sediments, deposited initially as the mountain emerged fiom
beneath the ice of the last glaciation, For instance,thiﬁ type
of reworked deposit comprises the éulk of the 100 feet of drift
along the prominent bpper Lachiné Road scarp (Fig,~2.1 point 15),
The unit is "'self-draining' (Prest and Keysex, 1962,p.31). Sub;
sequent uplift led to estuarine and fluvial conditions,and in
places the resulting deposits contain a -high percentage of shale
and limeétone particles that are loosely packed and water bear;
ing. They are usually less than 10 feet thick but locally attain
a thickness of O feet. Fluvial sand and éravel occur in a

long strand from LaSalle (Fig 2.1 point 5) to Parc

Maisonneuve (Fig. 2.1 point 16) (Prest and Keyser, 1962,p.31j.
Marine clay, though widespread elsewhere 'in the St, Lawrence
Lowlands, tends to.be confined to the eastern and southern

margins of th% Island,



44,

., s The aquifer potential of the Pleistoceng deposits is,for the

-

most part,dependent on the continuity of zones of different grain
size cﬁaracteristics; Most of the coarse grained Pleistocene
sediments are those that havé been sorted to varying degrees by
melt\water that flowed from a waning glacier, Othexr coarse

,granular deposits are found along river terraces, along the

shores of glacial lakes and inland seas. These terrace and

alluvial sands constitute some of the best aquifers in the St,
. n

Lawrence Valley with some wells, thoud not on the Island itself,

. 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 (Fig.2.1, points 12,13, 20, 15, 1) which is an exéellent aquifer

#and is utilised by some companies as a source of ground wéter.
Fortunately, the quality of the water has becoms acceptable for
direct use,by the replacement of trapped saline water with
fresh water despite the marine stage of the evolution of some
of these materials,

¢
Till, which was deposited directly by the glacier with little
or no sorting by running water; is generally a poor aquifer but
may, in places,contain lenses ard _pockets of coaxse sediments
that form sméll local aquifers (Brown, 1é67,p.113). Neither of )
the tills, one of which is basal and highly compacted, has sig-
nificant potential as an aquifer except for small local domestic
supply. ‘ - !

fa

Much of the area is thus covered by virtually impermeable

deposits (K 10-° cm/sec), but the strand of gravel previously

[,

e




- mentioned has a

of the bedrock,

45.

©

.

rmeability nearer 1072 cm/sec, This gravel
could accept more recharge than the deposits blanketing most

This is discussed in the next chapter.
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CHAPTER I - RECHARGE AND MOVEMENT OF

GROUND WATER

Regcharge

As discussed in Section 2.l maximum ground water recharge
occurs.in Montrxeal at the beginning of the spring. A iecond
period of xecharge is at the beginning of the autumn, before,
the ground becomes frozen during the winter, Although average
rainfall in this’area is Lly inches, Freeze (196l, p.8) calculated
for the Lachine - St,“JeaA area to the southeast of Montreal
Island (Fig, 2.1 point 22), that the effective recharge is only
five inches, due to losses from run off ;nd from evapotranspira-
tion, Montreal itself is much more developed and consequently
Tun of f from paved surfaces is likely to be much higher, If
205 of the Island is considered to be unsuitable for recharge

then the total volume of water rxecharged annually is

13,505x 10 gallons (U.S.) or 37 mgd (Appendix B),

Each lithological group, except the Potsdam, which only has a
very small area of outcrop on the Island, can be considered in

terms of its recharge and potential yield, a summary of which

5
i

is given in Table L..71.

li,1.17 Beekmantown Group
This group is found at the surface in the western part
of the Island which is only lightly built-up. Assuming

it is recharged only over its outcrop area of 14 mi® and

o



Bedrock
aguifex

Cutcrop
area mi®

st
Lo

Estimated effective Estimated averaae Estimated potential
recharge area mi® recharge mad , vield gpm/mi®

l— assuming 0.2} mgd/miZ?~ ’ \

Mount Royal 3 - . -

Utica/lorraine 17 2.5 0.6 25
Trenton 138 4 123 29.5 1y
Black River < b 2.5 0.6 70
Chazy 1k 12 2.9 L3
Becekmantown 1 . (n 3.4 167
Total area :

of Montreal 192 154 Ao 37

Assuming 5" recharge over mi? = < :

i 1 = squarc miles
80% of the Island gpm = U.S, gallons per minute
Total recharge = 37 mgd “gpd = U,S. gallons per day

Present demand = 300 mgd

TABLE L. 1 .

Wy

RECHARGE ESTIMATES FOR BEDROCK AQUIFERS

A
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a

not from vertical or lateral leakagelirom other groups,
it caﬁ be calculated that it is recha’rged at 3.4 mgd orx
167 gpm/mi® . This represents the amount of water that
can be withdrawn without min%ngv the groun& water
reservoir. Although many hiégm;apacity wells are

found in the fractured dolomites of this group outside
the Island;‘éh Montreal itself gro;nd water abstraction
has never been hiéh; and most of that which has oeccurred
was for domes?ic purposes,whose total consumption is
believed to have been well within the safe yield, Most

of the present supply in the West Island is municipally

treated river water. ‘

Chazvyv Group

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

as that Qf thé Beekmantowﬁ_ia. about‘1k mi®, However,

as far as recharge is concerned, two other factors ;hould
be comsidered, More of the outcrop area’ of the Chazy
has been built Gn; thus reducing its effective recharge
area, On the othér"hand, since,the Chazy is a good
building stone; numerous quarries have been developed
which act as natural recharge basins where the relatively
impermeable overburden no longer hindexs rechérge.‘ On
balance,the effect of paving isqlikely to have been more
important so that safe yields from this group é{e likely

124
to be smaller than those from the Beekmantown, perhaps

a total of 2.9 mgd, or 143 gpm/miZ2,

X

~
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Black River Group

This group crops out on the Island in two narrow bands,
the total area of which is only 6 mi®?, The eastern band

has been built on and the remaining effective recharge

area is only about 2.5 mi®, This represents a safe yield

of 0.6 mgd or 70 gpm/miZ,

©

Trenton Group

This group has the largest outcrop area, 138 mi®, but

it has been extensively built on, "It .is covered however
by an area of gravel, 8 mi®, whose permeability (1072
cm/sec) is higher than the rest of the surficial deposits
found on the Island of Mon?real. Consequently it can
accept recharge not only from precipitation,but also ¢
from run off from the less permeable surfaces. The total
amount of recharge the frenton receives is about 29.5 mgd

which represents a safe yield of 1l gpm/miZ?,

Utica and Lorraine Groups

e

These groups are not considered to have any aguifer
potential because of their argillaceous nature, How-
ever, the upper weathered zone' is capable of accepting

some recharge, about 0,6 mgd.

The average permeabilities of the overlying materials

are composite of many highly variable local ones.

()

Detailed information concerning extent and permeability



‘of individual surficial units is not available to
calculate precise recharge in specific areas, however
] ¥ the order of the total recharge on the Island appears

ﬁo'be about 37 mgd,

X

.2 General Factors affecting Flow

The ground water level is a measure of the fluid potential at
"a point. Water will flow from areas of high potential, usually

recharge areas, to those of low potential, discharge areas,

The concept of potential was used by Hubbert (1940 and 1953)
who formulated the ‘general condition a§ follows (1953 p.1958)
i "an elemegt of water at any point’possessés potential energy

with respect tolits environmen? Which‘when ?efefred ©o unit

mass, we may s;édk of as itsnpotentiél,ﬁﬁ.

The potential,lgay of water at a given point maf be thought of

as the amount of work that would be requiredltc ransport unit
. mass of this f%p@d from some arbitraxily chosen sta&éard posi-~

» b
tion and state to the position and state of the point considered',

/

" In his reasoning Hubbert (19&0,p.8h3)'}agfeed to consider’oni&
isotropic medid' and he employed only"tﬁé macroscopic point of
view if the fluid elements we speak of shall be 1arge‘énodgh
that the irregularities of flow due to thé mediu@aﬂeéd notlbel

considered but dnly the statistical resul#' (19&b,p.80&). e
i .

With thesé conditions obtaining he constructed an idealised
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flow pattern forpground waxer‘(Fig. L.1) ( 1940, p.843) which
consisted of "iflow lines everywhere paxéllel to -grad. &)

which form an orthogonal system with the family of equipoten-
tial surfaces:.<J = constant”. Toth (1962) suggested ﬁh;t
Hubﬁerf3s model was incomplete,due to incongruities in the
reiation between total hydraulic head and depth below surfaces
in topographlcally low areas., He proposdéd a dlfferent flow
pattern (Fig. & 2}, the necessary condltlons for its valmdlty °

o

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

Meyboonr(1962) disqpssed the ground watér flow in a stratified
medium consisting of a poorlyipermeableflqyer overlyiné a
permeable layver, This model (Fig. %.3) was called the Prairie
Profile,described by Meyboom as fcl;ows;“Tha‘Pra;rieI?rofile
é@ﬁéists of a centxral topographic hﬁéh bounded at either side
5y an area of low elevation,” Geologically, the pfofile is

made up of two layers of different permeability, the upper
ldyer hgving the lower permeability. Through the'profile is
a steady flow of ground water from the area of recharge to)the’
afea of discharge. The ratic of permcabilities is such that
ground water flow is essentially downward through fhe materlal
of lowr permeablllty and lateral and upward through the under-
lying more permeable layef' If ground ﬁgter levels weze
lowered the chemistry could be changed cérrespondlngly. Foxr
example a rock unit with a layer ofua soluble minexal, such as
gypsum in it, could be left above the saturated zone and hence

‘

no longer be dissolved to the same extent. In contrast a lower~

v
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- £ . FIGURE 41

. HUBBERT'S IDEALISED GROUND WATER FLOW
PATTERN  (AFTER HUBBERT, 1940)
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FIGURE 4 2

TOTH'S GROUND WATER FLOW PATTERN
{After Toth, 1962}
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MEYBOOM’S “PRAIRIE PROFILE” GROUND WATER

FIGURE 4.3

FLOW PATTERN

(AFTER MEYBOOM, 1962)
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ing of potential gradients reduces the velocity of ground
water flow., The lower the velocity the longer is the contact
time between the water and rock and hence the water has a

greater chance to become concentrated in dissolved solids,

Ground Water VMovement in Montreal

A simple ground water flow pattern can be obtained in Montreal
by using Pollitt's ground water levels (Fig. 4.4). These
ground water levels were irom wells of different depths, in
which the contributions from horizons of possibly different
potentials were not distinguishable, Nevertheless the pattern

-

is plausible and indicates two approximately radial flows,.
One is from Mount Royal, the major toﬁographically high point,
and the other is from a secondary area of high ground in the

western part of the 'Island, In both cases the directions of

flow are towards the periphery of thk Island,

iwo ofifhe upper geological units of Montreal, the surfici%l
deposits and widespread shaly Tetreauville, have a lower
permeability than the underlying units. This, coupled with
the topographically high area of Mount Royal, provide the

5\
major components of the Prairie Profile of Meyboom, as men-

)‘{?

tioned earlier, and it would appear that this préfile might

be appropriate for the flowdpattern of the Island,

In Montreal the most common fissure orientation is parallel to

the bedding,which tends to enhance ground water flow in a

.
7
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horizontal directioq,but local anomalies may occur: Adams and
Lexoy stated (1904, p.69), ""these enlaréed fissures evidently
form an irregular and complex system of water channels passing
through the limestones', fhis is shown in Fig. .5, (after
Adams and Leroy 1904) to show how Qells loczited even close to-
gether might or might not produce water,depending on the inter-
ception of discrete fissures ég. well A wéuld hit water, well B
would not. Similarly the quality of any water found could vary
considerably, again depending on the type of fissured rock
through which the water had flowed, eg. well C would have water
of a calcium bicarbonate type, well D probably of a sodium
chloride type. In Montreal solution does not seem to have
playved a major part in nodifying the limestone terrain, Few
solution features are visible and one cave which was found
caused considerable interest (Gib?:)}9 1858), Despite jointing

in a vextical\dixection,the neaxly flat bedding planes enhance“
the horizontal movement of water, an average flow rate of

which in Montreal is 3 cm/day, Within {he limestone there

are innumerable shale layers ranging from less than } inchkto

1 foot 6 inches in thickness. These are aquita;ds and tend to
promote further lateral flow which segregates waters, 7This re-
duces the chances of water from différent strata and different
formations mi#ing and improves the development of chemical
zonation, Furthermore there is another modifying influence;
that of dykes. According to Adams and Leroy (190, p.2L)

"these dykes in their underground extension forming impervious

walls crossing the fissures through which water runs,certainly

'
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FIGURE 4 5 :

SCHEMATIC DIAGRAM TO_ SHOW THE CQURSE OF GROUND WATER
ALONG FISSURES (AFTER AD;XMS AND LERQY, 1904)
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a very important influence locally in determining‘the

courses taken by the subterranean waters', ., 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 in the iransmissivity

of the formations from place to place (Penn gt al., 1936),

This

data

will

phenomenon however was not apparent from,or proven by, the
. 3

available in Montreal, Furthermore although there is a

degrec of irregularity of flow in carbonate.xocks, thosc

extensive fractures primarily developed in one direction,

have bulk permeabilities that will. be strongly anisotropic,.

Therefore the detailed direction of ground water flow cannot be

predicted from the data in Fig. L.} by simply drawing orthogonal

lines to the ground water contours (Davis and DeWiest, 1966,

—

pp- 354-5), This characteristic was not significant in the

present general study. ) ' .

@

o

The unpredictability of ground water movement in limestones is

due to geological and lithological controls,as discussed in

v

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

exception. Further interpretation of ground water flow is made

after subsequent discussion of the chemical zonation of the

[}

ground water.

5 .
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CHAPIER § —J HYDROGEOCHEMISTRY
i &

s,

5.1 Introduction ( . oy

! One of the earliest references to hydrogeochemistry was by

Plinius '"Tales sunt aquae, qualis terra per quam fluunt'.
' r
$
(""Watexs take their nature from the ground through which they

£1lowW') Water is a very complex chemical substance,and when
it becomes part of a ground water flow system it is in inti-~
mate contact with a variety of minerals with a wide range of

abundance and chemical properties (Table 5.1, Davis and DeWiest,

1966, p.112),

s 4
2

s

Th@s chapter is composed of a review and discussion of the
'faéets of hydrogeochemistry that are significant in this study.
The relative importance of various items is demonstrated by‘a
preview and the inclusion of some typical data from the study

area, The systeﬁa%ic presentation of data is in the next

chapter., -

5.2 Sources and Controls of Ground Water Constituents

The source of most~dissolved ions is the mineral agsemblage:m
‘rocks near the land surface, The water that falls as rain or
snéw contains only small quantities of dissolved mineral matter,
Typical analyses of rain are given by Hem (1970, p.50). Since
it is both acidic and oxidising,it' soon begins to react with
the minerxals of the soil and rocks with which it comes.in con-
tact, and many complex inorganic and organic chemical reactions

o ,
take place, The amount and character of the mineral matter dis-

]




TABLE 5,1

P
™

DISSOLVED QONSTITUENTS IN GROUND WATER
(Aftex Davis and DeWiest,1966.p.112)

MAJOR CONSTITUENTS ' o,
(Range of concentration 1.0 to 1,000 mg/1)

Sodium . Bicarbonate
calcium ' Sulphate
Magnesium Chloride

' Silica .

SECONDARY_CONSTITUENIS
* (Range of concentraion 0,01 to 10,0 mg/1)

Iron Carbonate

Strontium Nitrate
Potassium Fluoride
Boron

MINOR _CONSTITUENTS

(Range of concentration 0,00001 to 0.1 mg/l) o

Aluminium : Phosphate
Baxium . Rubidiunm
Lead , Seleniun
Nickel Uranium

B, TRACE CONSTITUENTS

e e,
ot

(Range of cancentration generally less than 0.001 mg/1)

Beryllium T Silver
Gold ‘ Tin
Platinum Tungsten
Radium

61,
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solved by precipitation depends on the éhemical.compositi$n
and physiéal structure of the rocks with which,iﬁ‘has been in
contact, as well as the physical corfstraints gf the system,
Crystal size o% the minerals, rock texture and porosity,
regional structure, and degree'of fissuring, affect the rate,
and volume of flow, and area of contact.’ The physical and
chemical constraints, such as hydrogen Snd hydrbxyl ion concen-
trations, redox potential, temperatdre and pressure, can influ-
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 DeWiest, 1966, p.303), and increased

temperature raises both the solubility of most inorganic solutes,

and the rate of dissolution of rock minerals (Hem, 1970, p.L1-

2). The effeéct of goluble dmpurities in rocks on water quality

. can be far out of proportion to the relative abundance of such

salts in the mineral composition of the rocks,.

Water is most ac?kée; and dlgnges take ﬁlace rapidly, at the
start of a flow system, The rates of change tend to become
progressively slowex in a given enviromnment as chemical equi-
librium is approached, although this is seldom attained.
Changes are dependent on what degress the systenm can‘be con-

sidered to be open or c¢losed (Hem, 1970, p.51). , If the flow

14

system crosses into a contrasting formation the water may

suddenly regain its chemical activity relative to the new

formation,and a series of changes are dnitiated that proceed

‘

until it again approaches equilibrium with its surroundings,
‘ - Al 4 .
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For this reason changes in the chemistry of ground water are
normally rapid at the boundaries between formations, and the
cheﬁigtry of the water away from the boundaries is closely
re}atgd‘to the~endiosing geologic materials (Brown,??é?,p.ég).
Rocks composed of compafatively insoluble material such[gs
quartz,may have little effect oﬁ the chemistry of water flow-
ing through them, Felspaxs, however,can have an important effect,
especially if there is a good availability of H ions to aid
solution. JIonic species-in water can thus be enriched by
chemical attack,but the enrichment depenas on the censtituents
of the involved rock., °The two prime factors are availability
(Table 5.2 Hem,- 1970, p.7), and solubility" (Table 5.3, Schoeller,
1959, p.55). The mote ab;ndant a species is,the more chance
there is of it being found in solution, ‘The more soluble a
component, the greater is its activity and variety of trans-~
portation, and the greater: its final.concentration in the ’
ground water, A balance exists betwéen ;heSQ two'but a balance

which changes from place to place within the flow system, For

example, the chloride concentration in ground water is often

(=)
rs

low close to recharge areas, relative to the coﬁteﬁtration in
discharge areas, because of the generxally low availability of
chlorides in spite of the high solubility and nobility of
éhlorides, Gradually the chlpriae content of water increases
beéause all available chloride is dissolved and remains in
solution. The result is that near discharge areas, or at depth,

the chloride ion often predominates,
LN
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"TABLE 5.2

PPl: OF THE MAJOR

THE AVAITLABILITY 1IN

iZLEI\EI\‘TS IN IGNEOUS \A‘\’D SOME SEDIMENTARY ROCKS

T ELEMENT

Calcium

Magnesium
?

Sodium

Carbon

Sulphux
Chlorine
Nitzogen

Fluorine

(AFTER HEM,1970.1.7)

Potassium

SOURCE |
-3GKEGUS SANDSTONE  SHALE - CARBONATE
36,200 22 Jo0 22,500 272, 000
17,600 8,100 16,100 hé;ooo
25,700, .13,200 24,900 2,390
28;100 . 3,‘870 .Lz;BSo b 393
320 fj,&ao 15,300 113,500
Mo ous . 1.85%0 L850
308 18 170, 305

L6 t' . 6co "
715 220 560 112

64,
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TABLE 5.3

: T

THE SOLUBILITY OF SOME SALTS FOUND IN ROCKS
{~FTER SCHOELLER 1959, p.6lL) '

SALT MG/1  IEMPERATURE
CaCOs a3 ' 1Boc
MgCO4" 100 ' 10°C Schoellex 1959, p.55
caso 2,016 . 18°¢ T
l\‘aH"COs 96,000 . 20°¢
' NaySO. 193,000 ‘ 20°C
Na,COp 213,000 ' 20°c b
MgSO, . 355,000 " 20°¢
NaCl 3?8,0@0 - 20°¢C
MgCl, 546,000 20°¢c
caCl, 748,000 20%¢

=4

*common in Montreal
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This was shown in 1955 by Chebdtarev, who proposed a metamor-
phism of natural waters, and suggested the following generalised
scheme, based on over 10,000 analyses, to represént the chemical
transition from recharge towards natural discharge areas:

HCO; - HCOG-,.. +C17 = 1+ HCQS - 5027 +Ccl - Cc1 + 502— - c1-

Chemical Zonation

The results of many' chemically-based investigations have proved
the presence 'of chemical zoneslin ground water, 43ust ac wock
facies cg;née verticall} and horizentally, ground water chemical
zones can be delineated, The zones are labelled in terms of
their major ions,and these refleect the-environments with which
the water has been assgciated, ' Chebotarev (1955), Schoeller |,
(1959), and Charxon (1969), consider that the dissolved anions
determine best the character of water and its zonatiag,and that

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

on the predominance of any of the anions, HCOz, SO%~ and Cl™,
Dominant’'ions are those with greater than '25% (in meq/1) of

the reactants,and a combination of two such anions give a

better indicat@cn of the character of the wé%er than just one,

There can thas be six subgroups (Hermén, 1971, p.8):

SO%™ -CY, SOF  -HCO;, €1~ -S0%7, cC17 ~HCO;, HCOs; -S0%7, KCOz -Cl

The subgroup which is found in‘any environment depends on a
A4 i

number of factors,such as proximity to recharge, rock type

encountered, climate, temperature, Eh, pH and the resultant
concentration of total dissolved solids. The value of ,this

last parameter increases with depth due to increased tempexa-

’
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turke and pressure, for a given residence time,

Hefrman (ibié) stated that the relative abundance of each anion
tdnds to be associated with specific concentration ra#ges of
tée total dissolved’ solids (T.D.S.) and the depth., 1In watefs
with up to 1000 mg/1 T.D,S,, in the uppermést zone A, HCOg

P edominétes: the medium depth zone,B,has T,D.S., between 1000
and 12,000 mg/1 with SO% - CI"most important: zone C is Cl~
rich with greatexr than 12000 mg/1 I.DJ5.. The T.D.S. of
Montreal watexs range from 167 ng/ 1 Oéample no, 536, of well -
depth 750 feet) to 2290 mg/l (samplé/no. 5117, of well depth
490 feet) inﬂwhich the predominant ions are HCO + Ca®t and

i/
2~ 2t .
S0%2” + Ca®" respectively, ‘

_Each of the three generalised zones can be subdivided'further
on their cation content, Near the recharge area the system
tends to be monozonal,, zone A, rich only in bicarbonate, but
there can be superimposition of all three zones in later stages
(Hexrman, 1971, p-42). vertical zonation is emphasised by Back
and Hanshaw (1971; p.1010).wﬁo said that any‘typefof\water
could be obtained from any.geographig point in"the Yucatan
Pen;nsula of Mexico if tﬁe aaﬁpling depth‘were deepened or
short;ned. He was éonsidering only véxy permeable limestone,
so it is unlikely that the sfstem is quite as simple in other
casés, It does not, however, viﬁi%tg the general concept that
some degree of verticalrzgnation isk§§%§1%y present,

’

. * t
Ry ',
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Tvpes of Chemical Reaction in Ground Waters

Modifications to ground waters can occur due to base exchange

§

) - - X
phenomena, and secondary reactions between primary products,

During this process different cations are adsorbed and re-

~.

lcased from the surfaces of media possessing an unsatisfied
¢ ,
negative charge, Clays are the most cammon exchang? materials,

H

The charge can result from internal electrical imbalance and
| BN r

broken bonds round the edges of a species. The frequency of
such an occurrence increases with smaller particles, hence the
importance of clays in this respect (Gxim; 1968, p.189). Any
water has positive ionic species capable of satisfying any free
negative charge,but two factors control the selection“of thé
cation thch will participate. They are abundance and charge.

or valence. The more abundant, oxr the more highly charged a

~y £

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

reactions fall irnto two broad categorieé, reversible and non-

reversible (Hem, 1970, p.16). Within each class three processes
e “

can occur: hydration, Qxidat%on~reduction‘and hydrolysis

”(Schoeller;‘1959, p. 55).

Activitv and Jonic Strenath

In a reaction a chemical equilibrium is usually attained, and
the law of mass action can be used to quantify the reaction.
This is true of reactions invelving ggound water. The law

) ' °

of mass action is strictly applicable omly if the solution

concentzation’ can be corrected to the activity (Hem 1970 p 18).

N B

U B
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In solutions above concentrations of 5,800 mg/1 NaCl (ionic
strength 0,1) or the eguivalent (Hem, 1970, p.19, plate 1},

electrostatic effects can alter the mobility of the ions,

and hence influence their reacting ability. The ionic strength

is a measure of the electrostatic field, and Wwith strength

lower than 0,1 the correction for activity is sfall.

- ¥

|
In Montreal, the maximum calculated ionic strength was O,04597,

4

- ’ » M F
while thj ninimum was' 0.00426. The values of iofic strength,
’ L . :

s activitizes, were obtained from a computexr programme

|

as well

(Hoag, 1975, 1976) and are included as Appendix C. . -~

~ “ .

pH ' .
A1l hydrolysis reactions influence, or are influenced by,

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

ixranging from 6.0 to 8.5, but waters with pHs .outside this

range are known {(Hem, 1970, p.93). 1In Montreal the observed
range was from 6.8 (sample no. 5107) to 8.7 (sample no. 5243).

Figure 5.1 shows the variation of pH in Montreal, and that

. . )
generally the more alkaline water is found to the west of

the Island, but no significant trend is apparent from the

‘amount of data avallable. E

G

The pH of watery represents the interrelated result of a number

——
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of chemical equilibria, The equilibria in a ground water system
are altered on pumping, therefore,even if a measurement taken

at the moment of sampling is representative of the original
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 differ fromthe original con-
ditions, 7This is because the in situ pCOzfof the water will
probably differ froﬁ that analysed at the time of testing for
pH, The pCO; controls the concentration of tWe bicarbonate

ion in solution. Since the equilibrium between the two involves
the hydrogen ion,the pH is directly affected if the pCO; changes.
. >

General Geochemistrvy of-the Major Jons

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 different environments, Thi; section
includes discussion of local sources and somé geological events
which may have influenéed the formation of different hydrbchemi-
cal species and zones. The distribution of different ions is
shown oh a series of trend ﬁaps to illustrate the‘components
of the hydrochemical zones of Montreal., There is a full dis-

cussion of Montreal's zonation in Chapter 6,

5.7.1 Calcium
The major sourge of calcium is the sedimentary rocks,
. ' A . 4 .
where it occurs as non-~silicate minerals in the car~

L o .l . )
bonates such as calcite, aragonite, CaCOz, and dolomite,

[

e



¢

2

-
=

‘v
~

A b -
CaMg(COg),. It c%@ also be found as the sulphate, eg,

gypsum, . CaSO.2H,0 and anhydrite, CaSO..

It is an essential constituent of many igneous rock
minerals, especially of pyroxepes, amphiboles and fel-
spars, In the last group it/is most prominent in the
end member ~ anorthite, CaAiQSiZOg. .Calcium is also " %
found in metamorphic minerals, eg, tremolite,
Waters from igneous and metamorph%g zécks have low
calcium contents since the rafe of decomposition of
the component minerals is slow, The '‘decomposition of
anorthite can be represented as follows (Hem, 1970,
p-131). ¢ ' u s
CaAl,SinOg + HyO + 2H' = A1,Si05(OH) . + Ca®*
Given spfficient cantact ﬁime, the pH may rise‘to 8.2,
at which point calcium carbonate precipitates from the
selution, On the ofher hand, if the hydrogenlions are
supplied by sources independent of th¢ dissolved carbon
< .
dioxide species, calcium may be brought into solution in
amounts éreater than the stoichiometric equivalent of

bicarbonate, The concentration of HCOsz is controlled
/}.

P
*

by the pcO, (Hem,1970, p.89). :
HCOg m= H® + CO2™
~ «

.

o =
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. by
Thus in media relatively rich in H ions the reaction

tends to the left,and hencevHCO; is a stable species,
However, when H bec?pe relatively scarce ie, about

pH 8.2,the reactiontends to the right with the conver-
sion of HCOz to CO%™ . 1In such a system? or where water
is in contact with solid gypsum, the maximum calcium
concentration that could be reached would gen;rally be
determined by ‘equilibria in’whiqh gypsum is the stable

splid, -

Concentration of calcium can also be influenced by
cation exchange phenomena since it may be present in
the form.of adsorbed ions on negatively charged mineral
. 4 .
surfaces as in the zeolites, eg. prehnite, or clays,
2 . .
eg. montmorillonite,
{
The usual range of concentration of calcium in ground

water is 10~ 100 mg/1 (0.5~ 5 meq/1l) (Tabie 5.4) while

“on Montreal Island it xanges from 9.2 mg/l (0.5 meq/1)

(sample no. 5316) to 425 mg/1 (21.2 meq/1) (sample no.
S117) with % mean of 89 mg/i (L.45 meq/1). The areal
distribution of calcium is shown on Figure 5.5, This
and the distribution of other ions are discussed in the

next chapter, oo -

/ -
L
=
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TABLE 5.L {
!
BN
RANGES_AND MEAN CONCENTRATIONS OF
. 'IHE _PRINCIPAL TONS_TIN GROUND WATER
i
General ranae in ma/1 Montreal Values
{paylsand Deliloss Rance  Me an Standaxd
| = ‘ ma/ ma/l meq/l deviation (meq/"
ca 10-100 9.2-425 89  L.hg5 2,74
dolomite ’
Mg . 1-Lo 100 7.7-90.2 29  2.43. (R
igneous and .
Jetamorphic brine .
o, Y& 2106 1-20 100,000 2,3-536 75 3.24 L.72
77T 4 ‘
K 1-5 1.2-27
o L usually
HCOg 10-8c0 50~100 121-689 353 5,78 1.60
2
$0.  (0.2) - <100-(100,000) 25.3-1359 142 2.%6 2,94
\ ] arid  Dbrine - '
cl 30 1000 150,000 . 1.6-651 50 1.4 2.80
"
"in water with 1000 - 5000 mg/1 T.D.S. \
o ;
¢
R \

- =

Fep T w2
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5.7.2

Magnesium
Sedimentary forms of magnesium include carbonates such
as magnesite, hydromagnesite and dolomite, and th;
hydroxide brucitel Mégnesium is also found in argil-
laceous sediments as undecomposed fine particles,and as
ions\adsorbed oif clay wminerals, Carbon, dioxide increases
the ;olubility of magnesium by conversion of the carbon-
ate to the more soluble bicaﬂﬁonate:
MgCOg + H,O + COy - Mg(HCOs); (Parsons, 196, p.27)
Magnesium is a constitueﬁt of the férr?magnesian minerals,
including olivine, .pyroxenes, amphiboles and the dark
micas. In altered rxocks,magnesium mineral species occur
in-the clay minerals such as chlorite, and also in sex-
pentine., Serpentine is formed from the alteration of
forsterite:
5Mg,S5i0, + 8H+°+‘ 2Hg0 - Mge (OH)gSi 4030 + UMgR* + H 510,
(Hem, 1970, p.141)
This is a non-reversible xeéction but the products can
participate’ in subseqguent processes,
3

Usually,if the total dissolved solid content of ground
water is less than 40O 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 by samples 1
from the Beekmantown Dolomite in the west of Montreal

Island, The usual range of concentration of magnesium
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o

in ground water is 1-;@0 mg/1 (0.7~ 3.3 megq/1), though
ground water in dolémitié environments may contain up

to 100 mg/1 (8.0 meq/1) TTabie 5.lt), The range of
magnesium concentrations found in .the Island ground water
is from 7,7-mg/1 (0.6l meq/1) (sample no. 5316) to

90.2 mg/1 (T.MJmeq/l) (sample no. 5101) (Fig. 5.3) with

[2

a mean of 29 mg/1 (2.4 meq/i).

5.7.3 Sodium

o

]

|

o

Sodium is the principal cation of waters draining
igneous terrains, dexiving from the weathering of the
sodic felspars, It is ordinarily scarce in carbonate

2
rocks, 'In resistate sediments,éodiumomay be present in
unaltered mineral 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 some later time,

Most sodium compaundépare éoluble (Iaﬁie 5.3) and the
salts go into solution easily, especially from coarse
grained -sediments, If the circulation is iﬁpaired,as‘
in hydrolyzate sediments,the trappgd salts remain fot
. long per%ods. When sodium has been brought into solu-
‘tion, it tends to remain in that -state. There are no .o

important precipitation.reactions that prevent the con-

centration of sodium in water from gradually increasing, ~

3
kKl

in the way that carbonate precipitation controls calcium

congcentrations, Sodium is retained by adsorption on
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mineral shrfaces, especially clays, but thi§_aoes not

cont rol the solubility of ions,

ut

The Cba&plain Sea marine episodé affected Méntre;1 long
after the limestone formations had been laid down;but~v
the chemistry of the g£5und wéter, particularly }n terms
of sodiun agd chloride, does ?ot reflect this incursion.
There was a glacial period prior to the Ch;mplain Sea ,
during which time till was\deposited,and thdis could have
acted as a barrier against saline intrusion, Also sub-
sequent eluting by fresh water of any affected formation
could have renoved anyfsea watér,,assuming that the
openings which allowed the sea water in initially were .
still effecfive for eluting afterxr thé Champlain Sea hadu

disappeareé.

-

The usual concentration of sodium in ground water is

~less than 100 mg/1 (u:ﬁﬁmeq/l) though brines may con-

tain 100,000 mg/1l. Igneous and metamorphic terrains
produce ground @ater with a range of ﬁ-L2O mg/1 (0,04 - )
0.9 meq/1l). The range of sodium concentrations found on
the Island is from .6 ng/1 (0.2 meq/l) (sample no. 5355)
to 535 mg/1 (23.3 meq/l) (sample no, %1&6) while the mean

‘ 2
is‘75)mg/1 (3.3 meq/1) (Fig. 5.4 and Table 5..4).

5.1 Potassiun

- 0 - - - !
The concentration of potassium is much lower in most
! J

A, Wi B B T

D
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+

nétural waters than that of sodium. This is because
potassium teﬁds to be. re~incorporated into solid
weathering products as soon as it bécomes availéble,from,
for example, the weathering of orthoclase: (Herman, 1971,
P.17) '

KzAl SigOie + 2H20 ~ Ky0 4 4si0, + H4A1,Si,00

orthoclase . kaolinite

Once adsorbed into some clay mineral structures it
cannot participate readilyé&n further exchange, for
example

Montmorillonite + K - illite (Parsons, 1964, p.28)

s
-

Pota551um occurs in evaporlte deposits as carnalllte
KC1. MgClz.6H20 and sylvite KC1, but usually constltutes

less than 1% of the catlon concentration (Yakutchlk and

.Lammers, 1970, p.102).

The usual range of concentration of potassium in ground

water, is 1~ 5 mg/1 (0,025~ 0.1 meg/1l). Its range in

‘Montreal is from 1.2 mg/1l (0.03 meq/l) (sample no. S52Ul)

to 27.0 mg/1 (0:67 Meqfl) (sample no. 5350). This

shows that potassium is not pagticularly abundant, never
eiceeéing 1 meq/lf though smail quantity variations might
be significant, ' u |

chloride h

Chloride is the.most abundant anion of sea water, but onl&

a minor constituent of the earth's crust., In.ground

et

s
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water the highest'concentrations of chloride are usually
O ;

Il

found in samples taken from pdints furthest along a ¢

flow line,since this would have al lowed prolonged contact.
Though its availability. to normally circulating ground
water is.low in igneéus and metamorphic rock,the solu-

, .

bility of chlorine compounds is high. Solution o

,sodalite and apatite, as well as the chloride content

\
of liquid inclusions, contribute to the final concen-

1

tration, More important.éodrées are associated with
sedimentary rocks, patticularly the e&aporites, and in
reéistates which ﬁay inclyde connate brine trapped after
marine deposition oxr iﬁcp;sion, Althdéugh Montreal was
affected by the Champlain Sea episode,the chemistry of
the ground watexr of the island does not reflect this, as
discussefl in .Section 5.7.3. Other sources are from
volcanié emanations from the atmosphere, and from h
organic sources (Hoag, 1975 personal communication).
Once in solution chloride fends to remain there, It is
very passive and does not participate in any reactions -
causiné re;precipitétion; nor-is it affected by exchange
6r adsorption, The only common way for it to be concen-
trateé to the point of precipitation is by evaporation,
thohgﬁ other way§ involvingaionic filtration, perhaps
utilizing 'the Gouy Layer, have-been suggested as possible

¢

mechanisms (Hem, 1970, p.175%).

The usual concentration of chloride in ground water is’

P

@

L

. N
e T he <

ey P
“ o el als e b s -

L



83.

“

)lesé than 30 mg/1 (0.8 meq/1) but-it may reach‘1000
mé/l.in arid regions, ox 150,000 mg/1 in briges_ The
lowest chloride concentration found on the Island is
1.6 mg/1 (O, 04 méq/l) (sample no. 5338 dnd othe;s),

the highest is 651 mg/1 (18.4 meq/1) (sample no. 5325).
’7:3 mean ig 50 ma/1 (1.4 meq/1) (Fig 5.5 and Table 5.4).
ulphate

sulphur is” not a major constituent of the earth's

uter crust; fhoﬁgh it is widgly distributed in igneous
rocks as sulphides, most pf the sulphates found in
 sedimentary rocks are leached f;om.the resistate sedi-
gents (Rénkama arid Sahqma, 5950, p.?SZ).' However’ in

. . /
a /
the presence of aerated water, sulphides, such as

marcasite and pyrite, in many sedimentary roiks; can
be oxidised to yield sulphateﬂions,~ Most sq&phates
are soluble in water, and the effective so%&bility '
can be increased by the tendenc& to form complex
species called ion pgirs\(ﬁem,\f970, p.167).
Solubility can also increase with ionic stréngth;
for example, the solubility of CaS0,.2H,0 increases
with an increase in sodium chloride content from
2,016 mg/1l at 20°C with NaCl= 0 to 7,300 mg/l for
NaCl==1ﬁ6.2 g/1., Above this NaCl concentration the
solubility of gypsum decreases again (Schoellex, 1959,

p.65). An increase in the sulphate concentration is

usually accompanied by a similar increase in the

concentration of calcium and magnesium.
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Sulphate forms salts of low Solubility with only a few

‘metals, ' Of the common- salts barium sulphate is least

soluble,.while the sulphates of calcium (gypsum and

AY

‘anhydrite) are the most widespread,and have a solubility

of 2,016 mg/1 at 20°C. They often occur in evaporite
deposits. Although no sucH‘erosits are known on the
Island,they could have represented a phase in the deposi-
tion of the Beekmantown Group from which the maximum?
concentration of 1359 mg/1 (28.1 meq[l)sﬁlphate i;

found (sampie no, 5117). The minimum is 25,3 mg/1
(0.5 meq/1), (sample no. 536l), though t he mean is 142
mg/l (3 meq/l) kFig. 5.6 and Table 5.4). The usual
concentration of-sulphate in ¢ground water is less than

100 mg/1 (2 meq/1)., The saturation concentration of

calcium sulphate‘is in the order of 1478 mg/1 at 10°C,

Bicarbonate and Carbonate

The last of the ions to be found extensively in ground
water are the bicarbonates and canﬁonates., These are
especially impwrtant in limestone terrains that are dis~
cussed in the next sec?ion. These are the p¥im§ry con~
tributors to the alkalinity,of.water, that ié, thé’
capaéity of a solution to néutfalise acidl

\

\
Bicarbonate dissociates to carbonate above a.pH of 8.2,
Below this pH all of the carbonate ions acquire hydrogen

to become the bicarbonate species, Similarly, below
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i pg/M_S A further acguis' ton of.hydrogen causes

. . mblecules of ”carbonlc aCld' to be formed. Usually
. y o
' 0, “the pH of ground wafer is between u.S ‘and-8.2; thus

. . <o/ - N . . -
it is the b{car ate -ion which 1is the most common,

. meq/l by the effects of carbonate equlllbrla (see below)

L meé/l) (sample no. 5325) to- 653 mg/ 1 (10.°7 meq/1)
(sample no. 5219) (Table‘ 5.,1;‘. The mean is 353 mg/1
(5.8 meq/1). '

5.8 gGeochemistry of lLimecstone Terrains k\

Montreal is predomin&ﬁﬂy a iimgstone arca tempered by other
lithologies, Therefore a general study of limestone terrains
provides a reference for Montreal. Broadly spéaking the water .
in limestones circulates mainly, if not entirely, through
fissures,so that the surface area of the rock exposed to
attack is small in relation to the volume of water circulating, -
Further, most of the soluble salts (chlorides and sulphates)
areulocked.in the 1imeston§'in highly compact or crystélline
forms, Lack of primary interconnected porosity inhibits water

» reaching these salts at any great'depth, The maximum penetra-
tion is usually less than thirty feet, facilitated by secondary
openihgs when the limestone is weathering, Even water from

more porous limestones is low in sulphates and chloride, but

6.
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high in bicarbonate, Pure water is neutral,and in the absence

of carbon dioxide is capable only of a very limited solution

:

of calcite,a mere 5.4 mg/1 (Hem, 1970, p.135).. However, often

" s

rainwater has a pH of 5,6 (Hem, 1970, p.91) and it’caniﬁe more
acidic in}indusérial areas (Strong,197a), Since carbonate

rocksidissolve Iaﬁidly in acid water, analyses will‘be’high in
both calciu@ and magnesium.’ There will be little more soiutibn

once the water becomes neutral or alkaline (Bfown, 1967, p.25).
Carbonate solution prdduces fhe most consistently abundant
gnion in ground water, and is impor%ant in establishing the

pPH, ‘The céntrolling influence is the partial pressure of
carbon dioxide of the gas phase contiguous with the ground
water, .

%

HzO 4 COp wew "H,COY' —= HCOz; +H- .

. In normal atmospheric conditions (760 mm Hg and 20°C) the

— partial pressure of carbon dioxide (pCO. ) is MO~ =% atm, This

would allow a concentration of 76,8 mg/1l 'HCO, solution.  Since
the bicarbonate cqnfent of gr&pnd water usuélly exceeds this
fig&re,a secondar? soﬁrce of caxbon digxide musf be évailable
Garrels and Christ (1965, p. 88) state that the r61e of carbon
dioxide in rain water has been overrated, whereas the effect of
hydrol&siswand carboq‘dioxide in the soil atmosphére have been
underrated, Respiration in the root zone of pianté causes the
pCO, of soil air to increase to between 0,015 atm. and 0.5 atm"

which allows solution to a maximum ‘of 50 mg/1 HCO5;. Ground

water with exceptlonally high values has been found in southeast
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"Virginia by Foster (1957), who explained the production of the

P
el

required high pCO, by the interaction of calcium carbonate,

base exchaige minherals and carbonaceous material,
)

o

In carbonate terraiﬁs, where the hydrology is unlike that in other

lithologies, due to the solubility of the rock, precise predictionso

-

degree of saturation of the ground water, and hence the %%kelihood of

4

further solution’ of the rock,are difficult owing to variations

in purity of the rock, For example the calcium phosphate and:

shale content would change the equilibria at which solution

ocecurs,

The rate of circulation is also important., If it is slow the
, -
mineral content of the water is likely to be high, and hence

less capable of further solution, "Fast moving water will®re-

main aggressive, According to Freeze (196!, p.13) the rocks of

Montreal are not porous enoughti to allow interstitial ow, and

ground water movement is by fracture flow at a e of about

3 cm/day, Yakutchik and Lammers (1970, p.77) say the same of"
the carbonate rocks in the Big Creek area of Ontario. Grice
A
(196L, p.53) swgygests that in rocks with these characteristics,
solution should be.enhanced due to the high.velocity of water
within the fractures. (lg,mmﬂ4real,_despite similar fracture
development solution is not extensively manifest. Grice con-
tinues, however, by suggesiing, in contrast, the possibility of

precipitation of calciti¢d material in fissures in close connec- ..

9, - )
tion t¢® the surface, his feature has been observed in vertiecal

¢ B

>
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joints in a tunnel being driven through Trenton limestone ine

QMpntreal. \Kn analogous efféct is encrustation of carbonate -
round the sgreen of a well pumping in calcareous rocks. This
is due to a relcase Pf pressure from the aquifer, causing a
lowering of the pCO,,which fesults in precipitation of calcite.
The equilibrium of the carbon dioxide bicarbonate-water system

. t :
is driven to the left, CO,+ H,0 ~== "H,COJ' -=- H' + HCOg.
A,loss—d% 10 my/1 of CO, can increase the pH from 7.5 to 8.0
and r#éute the solubility of calcite from 35 mg/l to 12 mé/l

/
at 259,

The limestones of Montreal have a varying proportion of
magnesium to calcium,as might be expected,since most limestones
contain a moderate. amount of magnesium (Hem, 1970, p.2).”hIn
the;west of the Island the magnesium content of the rock is
sufficiently high, rCa:xdMg < 2.0, for the term dolomite

(Beekmantown) 1o be used. Further east, however, the magnesium

content becdmes more subordinate to calcium (Figs. 5.2 and 5.3).

. -
.
o

Water withiﬁfdolomite rock strata which is at,or below,

saturation phould contain nearly equal concentrations’ of

calcium and magnesium in terms of meqg/l,because in the solu-

tion progess equal. amounts of the two ilons will be dissblved.

Water that is near oxr above saturation, however, may~have jost

some calcium by calcite precipitation, so the water attﬁins a
. . , \

concentration of magnesium greater than that of calcium (Hem,

1970,p.143)., This phenoméncn is unust@al but can occur in brines

p
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associated with evaporites, or in water that has participated
in reactions with magnesium silicates, The analyses from
sample§l5352 and 5349 in the west of the Island show this

invérsion.

¢ ’ e
. Ca e M . 5
Montreal's limestone terrain is modified by an igneous regime,

albeit minor, as;ocigtéd with ' Mount Royal and its accompanying

dykeé and sills. Flow is through fissurés so it is the de-

velopment of 'secondary permeabxllty and porOSlty in the rocks

-

'of Montxeal that is 1mportant Whereas 1n llmestones the orienta-
tlon of fissures is likely to bé reasonably unlform either
normal to,or parallel to,the beddlng planes, fissure widths

are not . in iénépus iocks thﬁ ﬁie fissure .orientations and

widths ‘are likely to be more random, and hence the associated

© )

flow pattern and flow lineé-haerr to predict. However, broadly
'speakinb, in both regimés radial flow is indicated by the avail-
able data with the dlscharge areas near to the/pgrlphery of

the Island R ’ ) 5

. ©

The hydrogeéochemistry depends on the physical nature of the

rock, the physical conditions of the system,and the'chemical
. . . 1
nature of the rock, " Most of the rocks in the Island are car=-

\

'bonates and ‘the bicarbonate ion is found to predomlnate.
,Slnce thls ion 1s stable in the ground water condltlons

present.lt is ubiqultOus .on the Island and the other anlons

achieve dominance 1nfrgquent1y and ‘only very locally, How;‘

ever, a more deta%lgd discussion of theﬁdistribution of the,

chemical, zones, and the brinciples.inVolved~in‘thei; delineation
is gimwen in the next chapier .
o - Ar - i ’ n .
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CHAPIER 6 PRESENTATION AND INTERPRETATION QF

GROUND WATER ANALYSES OF MONTREAL ISLAND .

Introduction N

The aim of the interpretation of the ground water analyses

’ e

was to locate the gross hydrogeochemical zones of the Island.

This has been carried 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 o

types to be recognised as characteristic patterns.so that the

relative abundance of each tybe could be assessed rapidly.

Since the calcium-bicarbonate type was found to be so dominaht,

furthér delineation of facies was nNecessary by compa¥ing the
' 4

b . . . . . . . . .
concentrations of 1nd1v1dua1@10ns,and by using ionic ratios.
EachH hydrogeachemical facies was then considered in relation

to the geology and possible ground water flow patterns,

L}

.
o - &

Use of Schoellex,giéqrams

The concentrations in equibaients of each ion are plotted on
lines parallei to the logarithmic drdinate, with the lines,
one~f6r each ion, spaced equally along the arithmetic_abscissé.
Each analysis is represented by the pattern obtained by .joining
thé plotted points with sfraight Jines, as can be se¢n on Figure
6.1a, Numerous analyses can be plotted on‘the same diagram
which enables rapid comparison of many samples, It is also
possible to,dete;ming‘the ratios of the concentrations of in-

o
dividual elements in specific types of water from the inclina-

Flouha ST S
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. ) -tion|of the connecting-iiﬁés (Schoeller, 1959, p.69). Further-
( moie»thig method provides a means of assessing whether or not
a given water is saturated 'with respect to CaCOz or Ca564 é% -
the time of analysis, thereby providing an indication of the
fofmer, and most recent environments occ;pied by the ground ) i/ ;//
watei, and hence its flow regime. However, a mqre rigorous

procedure was used for the calculation, by successive approximations
. a

of icnic stréength and-activities, 'based on Debye-Huckel theory,
and assuming ion pairing (Hoag, 1975). The results are in

Appendix C,

<

6.2.1 Waters from Surficial Aquifers

The analyses considered here are of water from wells in
-surficial deposits. Eight wells were in’ clay, six in

\ ) ' o

till, two in gravel and one each’in sand and gravel, and
in saéd aquifers. The wells are less than uQ;féet deép.
; : The number of samples of each type of water found are

as follows:~ o , - ’ ’ K
13 Ca(HCOg)z .

4 NaHCOg4

1 Cas04
Although it is difficult to genmeralise with so few

°

samples, the¢ following, comments are made,

+

6.2.1.1 Clav Aquifers

The anal&ses of samples from the clay environ-. .
ments are plotted on Fig 6.1a, There is a
wide variety of both concentrations and patterns,

which implies a reasonable abundance and hetero-

Bl




6.2,1.2

Till Aguiferxrs

95.

3

geneous.distrithionaoﬁ most ions in Fhe finely
commi?utéd clay material. The' plots .generally
are c;icave,which indicates a célcium bicarbon-
ate character. Sample no. 521i is slightly
anomalous because its sodidm‘content is much
higher relative torcalcium and magnesium than
the o{her samples, &téresémbles the plot for
the waters fromthe sand, and sand.and gravel
aquifers (Fig. 6.1c) which come from areas where
there is marine clay, so the high sodium content

is possibly due to base exchange during the

passage of water.containing calcium and

magnesium ions,

5

The analyses of water s%mples from the till
éourées ‘are plotted on:Fig. 6.1b. The plots
have an overall concave, or V-shape, which sﬁéws
notjgnl? éhe Caldium bicarbonate character of
the watex, but also that"tgére is a low ‘content
. r .
of the more'so}uble specigs such &5 sodium and
chloride.) This éuggééfs that there has not been
sufficient time for the lgss'abundantx more
soluble, salts of the till suéh as sulphates
éné chlorxides, to have been dissoi&ed by any
pergolating rainwater, The rain itself”i;
rélatively deficient in'the‘cﬁloride ion aue-
to~{h?'distance from the sea. ' Only iniéne

P
1

o
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sample does the“sulphaté content exceed that

of the bicarbonate,.

1

Gravel, Sand and Gravel and Sand Aguifers

The two analyses of water from wells in gravel‘
aquifers are plotted on Fié.'6.1c: They show .
the calcium bicarbonafe character of the water,
but that sulphate is becoming relatively more
important, The #otal concentrations of these
samples are comparativéiy high, > 10 meq/1, and
suggest either a long iontactAfimé,or that the
gravels contain fine grains of easily dissolved
minerals within the general gravel composition,
The single sample from a sand and gravel aquifer,
and frém a sandvaduifer;have relatively high
sodium and chloride contents. Both plqts‘have
patterns very similar to the sample of waterx
from a ‘clay aquifer described above invSection

6.2.1.1,

The main conclusién that can be drawn from the

above observations,is that ground water from

surficial aquifers tends to have a variable

composition, Although calcium bicarbonate
water is geneiallyhfound,the concentrations of

the other constituent species is not constant.



100 0

N

SCHOELLER PLOTS FOR

WATER

FIGURE 6 1c¢

‘SAND

<

98.

8 SAND & GRAVEL AGUIFERS

FROM "GRAVEL

%50 0
40 0
70 0

60 0
50 0

40 0~

30 0

20 0

10 01
90~
80

70~
6 0

50-“'

& 0

20

20—

MEQ ! L

iN

10
Q5
08~
07

06~
0 5~

0 b -~

CON L ENTRATION

6 2~

01~
T 009~
& 08—
0 07~
0 06~

[ OE-—l
0 04~

003

0 024

51414

§1L7 /

SAMPLE
HNo

CEATH Y
CFEET

Tps
MOIL

CO0ING

5123
5161
5209

- S147 4

v

102
20
&0
77

1130
.18
586
2460

2!] AyT
Hyag

My A,
oAy

——

GRAVEL

LI L

00t



)

99.

This suggests@differéntldepositional histories,

or changing chemigcal influences such as base

4
Ol
N

exchange. Contamination 1s also possible.

1

Waters from Bedrock‘thifers

The bedrock of Montreal consists of‘Pa]aeozoicisedimenw
tary rocks and Cretaceous igneous ro?ks. . The range of
ﬁhe-depéhs of~bedrbck\wells semples was from 8 feet to
919 feet. Three water samples were obtained from igneous
environmgnts,while the Iemaihing'ihO were from the.sedi-
mentary rock zones. The number of samples of each.type
of water‘was found to be as follows: ' . .
89 ca(HCOz),

25  NaHCOg

\
12 Mg(HCOz).

6 NaCl

6 Caso,

3 Na,S50, o .
2"MgSO% | |

. Three envelopes summarising. the Séhoelﬂer 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 listing of

data, printed by computer is included as Appendix D,

The concave pattern is characteristic of waters with a
A

low total %3ssolved solid (T.D.S.) content, generally

less than 600 mg/1l. These are usually the calcium bi-

>
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carbonate type.L The convex pattern is typical for waters

with T,D,S, of generally greater than 1000 mg/1 amrd

they are ugually of the sodium chloride type. The mixed

—

pattern is found frOﬁ/&aters with a meaQ/T.D,S, of about

. 4 i —t
700 mg/1, for exampl¢ sodium bicarbonate waters,

“

Subdivision and ClaLsification of Montreal Ground Water

It was decided to s&bdivide the group of 126 samples of bicar-

t

bonate waters becausk the agroup constitued 88% of the total

number of samples examined. The NaHCOz and Mg(HCOz), waters

formed small enough sub-groups, but the Ca(HCO3), gfoup of 89
was considered still too large. In 80 of the %9 samples

rCa > rMg >; rNa and ;HCO& > xgoé > rCl, so again further
subdivision was‘dgci7ed t0 be necessary,

~ - -
1 . -

6.3.1- Clas§1f1catlon OI Facies u - - /

The deﬁalled cla351f1catlon employed is shown in Table

6.1, It.was drawn up after considering the foliowlng
y

b

B 3 1

1) the.relative abundance in equivalents of threé

parameters:™

'
v
)

.
W

aniénsincoa, s0%”, €17 and the three. cations Ca®*, Mg2+}
Na+ to ertabllsh the naln groups, and

2) the ratios such as rCa:ng‘

rHCO5 : £S04 R S L
THCOz :xC1 |

¥SO¢§zCi

to prov1de sub910upﬁg



\ CATIONS. .

GROUP 1 ; TII ) IIX
R subgroup I, I, II, 11, 111, 111,
0 u . \ -
t v b in meq/l Cas>hgsNa CasNasMg \ Mgs>CasNa MgaNa>Ca Na»CasMg Na>MgxCa
- g n v ! ‘
P X - Y ‘\\
.o m Prefix of * to cation in subgroup I;A, = rCa:rMg<2,0
u e Prefix of 2 to 'cation. in subgroup I A, = rCa:irMg 2.0-3.0
p aq Prefix of ® to cation in subgroup.IA; =|rCa/rMg»3.0
v . Y o : : ‘ .
- {
! - 1 Suffix of ' to anion' group means ¢ ratioc \'bctwcc:n the two main anions is<2.0

- . - Suffix of '’ to anion groub means r ratio Between all the anions is<2,0

1C0s Suffix of "' to cation group means T ratio between all the cations is<1.5
Ay >S50, . i
‘ >Cl r derotos values in meq/li - . Ny
. A ,}
! HCOy < Ixample {no, 52147) 2I A} | . 2
An igé@ moeall - - ¢
| - Ca 8.5 - Ca»Mg>Na . .. Group I L e .
i:; S0, 1:33 ;‘3? ] \ subgroup ,  ~* ; :
- - 3 - . - . E!
T B, i[{lgf)s‘ Hea 79 ”C03>_SO‘}>C% G];OUP A o
o' 5 ~ So;‘b ,4‘?5- % . subgroup’ s = A,
A 50, o1 0.9 rCa:rMg= 2.87 Zprofix to cation - ‘21
‘ s \\ By >Cl . : THCO, :rS0, = 1,75 in subgroup I A, :
i ! >HCOs ) -+ + ‘'suffix to anion group = A} ‘
§ . . . whole = 2I,A}
. c1 A
C1> 504( . " !
>HCO4 O
C | s
' c: ‘ T ) -
Cg > HCOg L / ;
S0, - : ‘
. . PN
. ’ ' TABLE 6.1 -
N v : “ . S . _\ g
s ) , ‘ 2 o
CODING OF CHEMICAL GROUPING e -
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6.3,2 Ratigs of Ions and other Relationships .

4
LI ‘?’-

6.3.2.1

) 3.9 and greatér than 3,0.

Calcium:Magnesium Ratio o

" Dolomité is bresent in the Montreal bedrock so

v

it was thought that the magnesium content WOuld

be 51gn1f1cant. ACCOIdlngly the rCa“rx;ratlo B

1

was used as a classifier. o

t

o

~ I

Though ﬁagnésium salts tend to be more soluble

_than calcium ones -(5ee Table 5.3), calcite dis-

' solves more Quickly“than does dolomite, so one

Should expect the rcCa: ng ratlo to.be h1gher

than 1:1 in younger waters,from a dolcmlte/

calpite environment. Analyses .from the dolomitic

areas were examinéd, and in every case there was

) i § , ,
an rCa:rMg ratio bétween 0.5 and 2.0 (Fig, 6.3).

- ‘ 4
This range was used subsequently to distinguish
samplés.affected by a dolomitic environment.

Further subdivision was made on the basis of
¢ .

rCa;;Mg,ré¢ios in’ the arbitrary .range of 2,0~

C , _ ‘
6.3.2.2 Base Exchande Index < (} . o

il ,\ - - - -
{‘f\ The base exchange index (b,e.i.), xCl - rNa

. rCl ’
gllustrates the relative abundance.of the

3

" sodium and chloride content;and can be- used to

: locate areas of recharge. If one aSSumes a norm

o

wheri the meq/l values of both ions are generally
¢

-
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’

similar, for instance, \NaCl in sea water, the
principhl source, an imbalance can indicate

that base exchange (see section 5.14) has occurred,
either depleting or augmenting the sodium content,
Most of the analyses considered in this investi-y

gation have a negative b,e.i., although 1l samples,

>
or 9%, have a positive b.e.i., ie. rCl > rNa.

Of these, two are from clay, one from gravel,

oneg from till, while the rest are from bedrock
aquifers. A.positive b.,e.i. results if there

,is a relative 1acklof sodium compared to chloride,
” so oﬁe would gxpgci to find the valueslof the
ofher two cations compaxaﬁiveiy higher, the de-
gree depen;ent on the—amount of exchange, to
maintain a balance with the anions present. .

Ali bedrock waters with a positive b.,e.i,, ex-
cept one magnesium-rich sample, have calciﬁm as
the dominant cation, This conforms to Charron's
idea (1969) thAt calcium values tend to be rela-
tively high if a sample has a positive b.e.i.

L] ¥

Some Montreal waters with high calcium values

¥

do have n;bative b.e,.i,, but this is due rather
to a lack of, chloride rather than a glut of
- sodium,

Py

A sodium paucity. with respect to chloride is

1

almost certain to result from a base exchange

a—
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phenomenon since both sodium and chloride are
extremely soluble, and once these ions are pre-
sent in solution they ‘tend to remain there.’
Thus the removal of one without the other is
unlikely except by base exchange,in which pro-
cess ;odium may be added or removed from solu-
tion,while Chloride is Qnaffected. When a

A
sodium~rich water initially with the Na* to Cln

. \D

equlvalence encounters a calcium clay, there is

exchange of sodium for calcium with the result-

inglrelative altering of concentrations of_fhe
cations, and impoverishment of sodium comparéa to
_cﬁloride; hence a positive b.e.i, and eéenhanced
caléium Qaiué. Similarly a calcium ‘and magnesium~
rich water in contact with a marine scdlum clay .
could undergo exchange of calcxum and magnesium
. ( © ions, to increase the sodium content of the water,
: and produce a negative b.e.i. However the b.e.i,
- is more strongly negative in areas of recharge,
Qalues more_negative than - 1,0 represent this,
(Fig. 6.4.), noé.necessariiy because of hiéh
sodium (Fig, 5°h); but due to low valﬁes'of

chloride (Fig. 5.5),since as b.e.i, is indicated

rCl - rNa
¥Cl .

value causes it to be strongly negativa, In

by the ratio a low chloride or high sodium

topagraphlcally high recharge areas ‘of Montreal

‘ ralnfall is low in chloride and there are only
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low walues of chloride derived from local rocks,

" The distribution of sodium values is shown on

Fig 5.4 and averagé about 3.2 meq/1. The dis-
tribution of chloride values is shown on Fig
5.5 and avérage.about 1.4 meq/l. The chloride e
deficiency. is not surprising since limestones
are poor ig available chlorides (Schoeller,

1959, p.57), and rain in Montreal will be

A

g (" » ? - ’ .
similarly deficient’due to its distance. from

the seca. However ;the high average concentra-;

A1

tion of sodium (3.2'me@71) suggests that a sig-

nificant amount of sodium has been supplied

from igneous rocks, and th¥ough tectonic features,

e
v

such as the White Horse Rapids fault, and the ..

'

3

vicinity of the.Ahuntsic syncline.,. Soil analyses
AN N .
might shed further light on this subject., High

chloride‘was found also at the eastern end of

the fault,

The b.e.i. results (Fig 6.L) reveal a number

of - apparently well defined areas of values

- ¢ - v
more negative than -1.0, Some of these areas correlate

1

with aréas oOf known permeable surficial materials ‘and
exposed -rock, however, it is not clear.if the

other areas are indicative of unrecognised q

~ «

recharge, 'or other causes,
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6.3.2,3 Saturation with resvect to Calcium Carbonate

carbonate. A solution is saturated when

unable to dissolve any further solute,’

method (1975, 1976) provided values of
]safufafion index, that he defined as sample
' PH minus the calculated pH of equilibrium({Table C.1,

Appendix C).

0 I
It was found that at least 10, and possibly
up to 22, samples were unsaturated with re-
spect to CaCOg.
Saturation Index
<-0,2 - ~0,2 to ~0.1 -
p o ' 3 Ca(HCOs), 8 Ca(HCO3)»
6 NaHCO3 3 NaHCO3 )
1 MgSO., 1 NaCl’

. . . ? .
! Unsaturation means that the water is still

aggressive towards CaCOz, an unusual phenomenon
in carbonate terrains, so its oceurrence is
. noteworthy, It is qually indicative of ground
. <
wa"cei‘m clase to récharge, or to eczzound water -which

<

has encountered an area with a high pCO;, the

AR

7
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;ontrolling influenge of carbonate solution (see
Section 5.7). o ’ . ~ -

The depths from which thése unsaturated samp}es
came ranged from 11 feet to 900 feet, Their
locations are shown on Fig, 6.3. All except
two samples, from a clay aquifexr, had the
dolomitic ratio of rCa:rMg < 2.0. Even though

»

not all these samples came from known dolomitic

3

horizons, nevertheless the ratio implies that

“they recently encouhtered one, The additional

magnesium could cause a relative lack of calcium,
which in turn could 'account for the unsaturation
of the water with respect.to calcium ca?bonate,
Thé areas of‘magnesium rich lithology showm on

Figure 6,3 do not show the presence of dolomite

at depth.

sulphate:Chloride Ratio

The ratio TS04:xCl was examined, as it ysually"
decreases down the flow line towards discharge
areas where the chloride becomes proportionally
more important. The highest value of this ratio
is thus found in the probable recharge areas, but

due to a low chloride ‘concentration rather than

‘a high sulphate one. Figure 6.5 shows maximum

values of the ratio in the central portions of

both the west and north of the 1lsland, This

e
eyt
7
ey
.
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©

confirmed recharge in these areas. Also the
-high Qalues to the west of Mouﬂt Royal suggested
‘recﬁarge there %oo.‘ Localdy this géneraliz;tion
méy ngt hold trué dué to insuﬂficiéntrtime forx
solution %o.have’bccurred‘fu%ly.. Chiégide values
i? limestone are naturally low (Schoeller, 1959,
p.57). The hiéhest chloride values are to the
. north-and northeast of Nbuﬁt,Royal.whe;e there
are maximum thicknesses of Champlain clay on

* Utica shale, Elsewhere it can ?e inferred'thét
the chloride minerals assogiated @itq_any over-
lying marine -cldy do not enter the ground water

to any significant extent, This may be because

the products.of any solution of surficial material -

‘ﬂ which does occur are getained locally by the

impermeable nature of the surrounding rock; or
because the'chloriée ion. is physically large
'campared with many of the other major ions in |
water, In this case it could be expected to be
held back in intefstiﬁial or pore~water in clay
and shale while water itself was transmiﬁged
(éém, 1970, p.175). f

? . “ )

6.4 /Relation of Chemistrv to Depth

The xdle played by the depth fromwhich a sample deriveé; and

¢ . hence the time available for solution, is considered by compar-
/ . B .

[ ing chemical groups and the average depth at which each was
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found, The average depth was computed by summing the full depth

—

of all wells which had the s$ame predominant ion, and dividing the

total by the number of wells., Geographical and stratigraphicai

locations are ignored in this preliminary approach in Table 6.2
in which all lithological groups are assumed to be part of a

{
single hydrogeological unit. The locations are considered in

. the discussion below,

It can be seen that magnesium gnd sodium tend to be more dominant in
deéper holes %han is caléhmh This is indicated not only by the
data in group IIIX but also in sub-~groups I, and II, since here
sodium is thz No,2 cation in each casé, and the average.déﬁth
of‘thelsample is greatexr thén whgn sodium is No,3. Howéver,
‘this does not mean tha% one will infallibl§ obtain sodium~£ich'
- water at depth, as is shown in the west of thg&Island Qheré deep
‘wells do not have sodium content because it,is not aﬁailable,“

~

ie, there is a geological coentrol (sce Section 6.6).

It can ﬁe seen on Figures\Boﬁ and 5.4 that the 6 - 10 meqg/1
sodium maxima correspond to the Ahuntsic syncline and the Whi?el
Horse Répidé fault, plus the clay and shale aiong the river north

of this fault. In the first case depﬁh may be p;edominént in

]

control.while in the second bBoth flows.fj7ﬁ dépth and the marine

clay and shale may contribute,
: i s
.

The main magnesium area in the west of the Island (Fig.. 5.3)

contains a maximum concentration 'of about 3 meyZl, the same as
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Tor

on the east shore to the south of the White Horse Rapids fauit,
on the northwest shore and along the villeray anticline,buf less
than the crest or ridge distribution of 7 meq/l to the west of |
Méunt Rovyal, The 19ci of these maximum values cannot be corre-

lated more precisely with any other geological features,

Another factor relating to cations]is shown with the large

I,A; group of 79 wells, There is'a steady diminution of depth
from 103 feet for dolomitic *I,A; subgroup,to 70 feet in the
calcium dominant °I;A, subgroup, (ihis implies that the shallowerx
the well,or the higher in thg'stratigraphic colunn from which:
water is obtained, the lower will be the maénes%um content, As
such, one can deduce that there i's not a strong vertical movement
of water upwards from the Beekmantown Group to produce ;igh

magnesium values in, waters,- in the overlying strata. This

emphasises the higher horizeontal permeability of the bedrock.

t

4

Examination of the anions is not as enlighteﬁing, since the vast’
majority are of the A, bicarbonate subgroup, and there are in-
sufficient analyces from any of the last three anionic sub-groups

¢

to allow acceptable éove;age{ However, the bicaxbonate species
are found at shallower lévelsfthan the othexr two anion groﬁps.
The A, subgroup of nine samples is associated with greatef'deptﬂs
than the"A, subéroup of 101 samples, which is crediﬁle since the
scarcer; but more soluble, chloride has éresumably had a chance
to bé dissolved in excess of the theoreticéily more camon, but

less soluble,sulphate ion, The B, sulphate subgroup of 10
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¢

( samples is found in wells of depth ranging between 50 and 919
feet, averaging 368 feet. It may be noted that bicarbonate/ has
attained a saturation level,in 91% of the samples from wells

with an averaée depth 142 feet but the sulphate has not.

Iolconclude, in Montreal the ground water near the surface is
characterised bylthe two most abundant ions, Ealciuﬁ and bicar-
bonate., Water from the bedrock agquifers showed éaturation in
bicarbonate in 91% of the éampleso All were undérsaturated in
sﬁlphate. Although ?he more soluble suiphate and chloride
minerals may be preseﬁt;their availability is generally low,
Howeveriya continuing dissolution of the less availablg species’
slowly increases their éoncenfraﬁidn until they become dominant
in %% of the samples. This is after a sufficient time has
elapsed‘for'reaction, usually corresponding with depth, In-~
sufficient data were availéble to éttémpt to calculate time of
reaction, |
The degree'of concentrafion“oﬁ the water is thus detexminéd,not
only by the duraéion of its contact'with the rock and the nature
of the rock,but a;go:by the leﬁgth of trajectory {échoeller, 1959,
4 N
pP.Tlty. This is shown by co@si@ering three wells in this inves~ .
o tiéation (Fig,'h.h)- Well no, 5309 is 60 feet deep and is found
at a rechérge area adjacent to Mount Royal., It is lbcated near
the start of a flow line and the water is of the ﬁcé; type.
Well no, 5701 is 200 feet deep and is in the.middle portion of

.the flo@ﬁ&jﬂe. Its water is of the SOZ” type. Well no, 5145

3

’o
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b
|

is 267 feet deep and is near the'edgé of the Island at a dis-
#géharge point, it is at the end of the flow 1line about 23,000 .

feet long and 1ts wa'ter 1s of the c1” type. The Schoeller

- dlagrams for these three analyses are given in Flgure 6.6.

Using Darcy's Law in the form V=KS one can‘estimate flow time,

From Table 3.1 K is taken to be - 10 2 cm/sec. From Figure L.

. y ( ) is taken, to be %%?7;%?. Thus V= AJ{10“ cm/sec or about
# \ b t .

3 cm/day, ) . .

This demonstration of flow time and‘compositidh along a, possible

path may be an idealised case but it is believed to be a iikely
I » ' o’

‘generaldzation, C

6.5 Ground Water 7Zonation in Montreal o ' . ) .

To study the p0551b111ty of hydrogeochemlcal zonatlon the .Island

-

was divided into three sectors These western, central and’

noxthern se?ﬁors ‘each contain different geolegy. The computer
retrleval of the data was printed o%F fn' three UIM sectors

conforming quite closely to the geological zones‘(Figure'6.7).‘

Since zonation is three dimensional the distribution of ions

was examined in both horizontal and vertical planes, Only a

brief summary of the chemical zonation is‘éiven here,but the

7

B

detail is given in Appendix E, and there is a comprehensive

discussion in section 7.3.

P o
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/
The overall zodétidn of the groungd water of Montreal is shown

6n Figureés 6.8 and 6.9, Figure 6.8 shows the ubiquity of the

bicarbonate ion, It is often associated with sulphate but more

usually it is present as the single dominant anion,as in the

qnorthern and western sectors,

- The main bicarbonate and sulphate, A}, zone is in the central

part of the Island, It is-found primarily to the southwest of

Mount prél but it is also represented to the east of the
mountain,and also near the south shore in the western sector.
The occurzence to the east of the mountain is probably caused
by the oxidation of pyrite,while the other occurrences are

wore likely to result from the solution of sulphate minerals.

A High sulphate zone corresyching to the White Horse Rapids
fault is shown on Figure 5.6. This could result in part from.
pyrite oxidation, espéc%ally at the eastern end near the Utica
shale,but also in part from an upward~migxation of sulphéfe*
rifh water from depth aléng fhe fault line. The only other,:
anion group which is noticeable is the sulphate and bicarbonate,
,Bi, group, This is also found to the east of Mount éoyal,and
again it is probable that the presence of the §u1phide~gich".
Utica shale is the original souiceiof the gu;pﬁate ion, Samples.
Contqining chloride to.aﬁy_grea?‘axtent are,la&king, although
the few present were found generaliy adjaéent to the White Horse

Rapids fault,or to the St.. Lawrence. River. - Insthe latter case

chloride could have 'been derived from the marine cla&ﬁ.
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Figure 6.9 shows the horizontal zonation of cations. -Here the
distribution is ostensibiy less dominated by a single cation,
However,it should be mentioned that calcium was the most impox-
tant cation, The figure has been presented b illustrate the
significance of magnesium andyatﬁention is drawn to the combin=-
ing of the I, and II, groups, éﬁd that they are represented by
a single symbol, '

In the western sector magnesiuﬁ is the most important cation,
and a significant zone is found, ‘There is a close correlation —
between its presence and that of dolomitic aguifers, The only
other important occurrence of magnesium is as a small zone in
the central sector to the west of Mount Royal., This zone
partially corresponds to the bicarbonate énd sulphate =zone pre-

a

viously mentioned,

Calciun forms a zone to thé southwest of the- mourtain, where
I ' N

the maximum concentration of 7 meq/l is found {Fig, 5.2), in’

2

undifferentiated Trenton limestones. This completes the over-

lap with the bicarbonate and sulphate zone just referred to, :

The other zone that calcium forms is in the northwest of the

Isiand, near the axis of the villeray anticline., There is a
noticeable trend of decreasing calcium values to the west of
the Island.

' J

Sodium is found most markedly on the eastern side of the

" northern and central sectors, probably due to association
L ‘



. 126.

( with intrusives, shales and Champlain Sea clays. Also the White

Hoxrse Rapids fault appears to be a significant control. The
zone on the northeastern shore corresponds to an area where
chloride concentrations were aPove ave;age.’ It aiso foxﬁs

another zone in the northwest of the Island,somewhat to the

t

east and north of the calcium zone,

o

To ascertain if there‘were any zonation vertically,a sexies of
-profileg were poﬁétructéd as in Figures 6,10 and 6.11.~ This
facilitated aﬁpraisal of the chemical groups,both as a function
of depth and of lithology. ' The data were;unfcrtunately,such

that it was not possible to deduce discrete contrlbutory horlzons
It was decided in the absence of, for exampleh ca51ng depths, to

attribute the.chenical type to the horizon reached by the bottom

of the well,

_The full details are presented in Appendix E but essentially --
blcarbonaie formed the predomlant anion zone and was only in-

freguently and irxegularly interrupted by other groups.

Y

"In the catiaﬂs,correlation of magﬁesiumtvith délomitic.,“:
horizons was found, and also that sodium tendpd Lo come from c Y
'deep wells, Calcldm was the dominant catlon,and occurred thronghi-
out thg sequencg,cutting across botb thg controls .of depth and

Jithology.
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6.6 Changes in Chemistry along Flow Lines

.

-
1 of

"The calcium bicarbonate zoné is characteristic of limestone
water which is. close to 1ts source. It suggests that the
recharge of Montreal takes place locally, resulting from

-precipitation in the form of rain and snow., It does not,

-
;

however, eliminate the possibility of subsurf flow from

outside the area contributing to recharge, an idea mooted
\

by cumming in 1915 to explain the local occurrence. of high.

sodium -values,

«

}ft is eviderit that the chemical composition of water in a
g

ground water system is not static but evolves chemically,

Firstly there is-an increasc ip the T.D.S. by solution of

the avallable nminerals, | This¢ solution is greater as trajectory

'

and time of contact are longer, as- rate bf flow is slower and
1

as rock pores are smaller, ie, as a larger surface area is

o

available for reaction. Generally the ratio of rSO, to'£Cl:

decreases down. the flow line: as fhe speed at which a salt is.

dissolved is proportionate to the -saturation deficit,.chlorides
are .dissolved faster than alkali earth sulphates, If an aquifer

is rich in sulphates,but poor in chlorides,the reverse happens

<

until the water becomes saturated in SOzg,after which the ratic

declines (Schoeller, 1959, p,73). ’

. '

R

Similarly the base .exchange index tends to be’ negative in re-

charge-areas since chloride concentrations tend to be low. The

ratio becomes 1gss"negafivé down the flow line as more chloride,

»
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is dissolved. The ratio rMg:rCa tends to diminish downstream,

This is beécause the increase of calcium by dissolution of CaCOs de-

clines rapidly,'because/the‘water becomes saturated in CaCOz quickly

and subsequently CasS0, dissolves less rapidly than MgSO, and

An idéa of the flow pattern can in.general be obtained by the
relative abundance of different species and their relation-

ships to each other,but it is necessary to appreciate thaF' !
different mechanisms cén lead to the same result. For example
high sodium values in ground water can result from protracted
solution of iow concentrations of §odium minerals. ‘Sodium
minerals are very soluble and once they have been dissolved

sodium ions tend to remain in solution., A relatively long flow
line, oftbn,synanymdus with depth; facilitates this chance for
proiracted solution, Altérnatively high(concentrations of

sodium may occur naturally, such as in evaporite deposits or
associated with igheous rocks, In these cases a short flow line i
is sufficient to result in high sodium .values,; as long as the fiow o
line intexrcepts the sodium~rich environment, Thirdly a base

exchange mechanism can occur when calcium or magnesium ions are

lost from solution and arc replaced in the watér by sodium ions

from, say, a marine clay or other sodium-xich source.‘

.

On the Island of Montreal all threec mechanisms are répresented,
) 4
Sample no. 5321 is sodium rich 17,7 meq/1 (Table 6.3) and comes

from a well with a depth of 325 feeti(Fig 5.4)) It is unlikely

that any flow line oricinating on the Island would have had time
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TABLE 6.3

, CHEMICAL ANALYSES OF SAMPLE NOS. 5321, 510, 5207 IN MEQ/L |

%

sample no,  Ca Mg Na c1 SO0, HCOg
5321 . 2.9 2. 17.7 0.3 3.9 5.7h
510l 2.2 2.9 5.0 1. L7 k.6 ’
5207 2. 0.6 aoé 0.3 1.3 bl




c . to xTeach the sodium concentration present. The sample is also

rlch in chlorlde ahotﬁer indicator of‘allong flow line, and its
. A Jd

base eychange lndex ig' only ~-0.25 ie. near equality between rNa-

anﬂ rC1, IL is likely that water-at this depth, ‘here, has

¢ . =

come from outsxde the Island ie it ‘is a part of the

regional flow, p0551b1y orlqlnatlngcln the Laurentlans and

<

.

s moving slowly through the St. Lawrence Lowlands, The water has

been'metamorphdsedﬂ.into a-long flow type water,

« L M -
i .

Sample no. 510' Js an example of slmple solutlon from a sodium-~
e
rlch sulphate mlneral since the gulphate concentraclon 13 quite

2

‘similar to that of sodium, .7 meq/l and 5, O meq/l respecilvely

(Table 6.3).

Sample no, 5207, pxqbably représents base éxchange augmentation

of the sodium concemtration of ground water. The base exchange

index is strongly negative, =5.00, an excess of sodium over

s T

chloridq,' 6n1y 1§g of the sdmples are more negativ;xthan this,
- s » , 3 ¢ N

. Sodiun is'the dominant cation with 2.8 meq/1, but calcium has -
. o v . £

A . 7 v -

2.4 meg/1 (Table 6,3),K.This suggests that a calcium-rich wa*ér

has encountered a sodium cléy, Adsorption of the divalent

a
v

calcium ions (preferred to monovaleni ones due toe the hlg er

e .‘

e charge) ha% occurreq on to the clay, releasing the monovalent
R so¢1um29ns‘1nto‘the gr0und watexr where they tendlto‘remalnﬁ
The sample was taken from a well only 58 feet deep which is too

shallow fcr & godium domlnan% water to occur from prolonged
) solutlon unless the area is the discharge zone of "a deep system.

3
~ i
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/

- Simple solution from a high sodiury{ content source is not to .
n R . -
be entertained belluse one would expect a similar meq/l value

h ¢
.
5 ' for the anion of the mineral. .
,
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** CHAPTER 7 SUMMARY AND CONCLUSIONS

7.1 Iﬁfrodﬁcfjon

“ v /)
" The investigation has sought to delineate the &hemical facies

“_u. and zones of the grouna watexr of Montreal Isl nd,cﬁiefly by the
study of the chemical analyses ‘of well waters, This knowledge
has in-turn permitted some understanding.of the ground water

flow pattern,

L

- 7.17.1. Ground Vater Flow Svstem

A simple ground water flow pattern has been derived
from observations of water levels in welis, although
' . the contributions from, vari ous aquifgrs could not be

-

. . ‘.distinguished. Thé ﬁattefn consists of two more or
less radial flows fowardé the boundaries of the Islaﬁd, v
' from Mouﬂt Royal, the,majof'tbpogxaphic‘high, and from
a sacgn&ary area of high gyound in the western part of
' the Island (Figs. 2.2 and L.L).

7.1.2 Recharge

Recharge ‘on the Islan® has been calculated to be in

“
Ry

the order of 37 million gallons per day,by considering
the area of outcrép and likely values of permeability

Vo
of the different lithQStratigraphical formations,

’ . 7.7.3 Discharge

Equilibrium of the system is achieved by pumpage from ‘
\

w
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f : wells and by apparent disgharge into the St. Lawrence
. River and Ri¢idre des Prairies, which bound the Island.
Thexe is no official monitoring of the abstractions of

"privaté'wélls; so that no total is available. However,

it appears thai there has been a considerable decline in

. the ‘use: of. ground water from the seven million gallons per

. . . . UK .
day TFeported by Cummlng in 1915, so that it is expected

¥

“that most of the 3? mgd recharge 1s lost by subsurface flow

from the Island

2. General Prqnert&es of the Wells and Waters

- 7,2.1 Artesian and’ Sub-Artesian Wells '

' ;Alfhough’Cumming;s réport of 7915 was entitled 'The
Artesiaﬁ'WQIIS o£ Monﬁrealf, he found only 12 f10wiﬁg
weli& It is not clear how many of the wells were sub-
‘art651un with their static lg&els controlled by the po~

" tentials intercepted, at depth - potential gre@?er than those
. ? ©in some of the aquifers at higher elevations, In contrast,
. .’ 1 "Pollitt's data collected in 1@51~53 contained no report of

.. “ ,flowiné Qells.

7.2.2 Zemperature of Ground Waterx
?he temperatutre of well waters examined By éumming variea
between &8 and 52 degrees Fahrénheit. Hg’deduced that asthe
1 ‘ mean temperature of Montreal is 111, é deglees Fahrenhelt that
‘ the waters were OPnerally from depths between 300 .and 500

. feet. Temperatures of the waters from Pollltt s- study were

. not recorded,
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7.2.3 pH - o
The variation of pH in the underground waters a's mgasdred in
the 1abo£ator§ is from 6.8 to B.7. The distribution on
Figure 5.1 is difficult to interpret as while there is a
trend from 8.0 in the central recharge area of the\noxthérn
part ;f the Island, to 7.4 peiipherglxtb thig‘céntre, a
possible hypothesis of a lowexing of pH towards discharge

areas, results in some unexpected directional trends in the

western” part of the Island,

Hydrogeochenistrvy

The fotal dissolveé solid eontent of the ground water of Montreal
Island‘ranges from 161 mg/1 to 2290 mg/1 with an average, for bed~
rock aquifers, of 576 mg/1, and for surficial'aqu;fers 550 ma/1,
The waters are dilute solhtions with a maximum calculated ionic

strength of 1,597 x 10"% within the range of validity of permit-

3

ting application of the law of mass action.

—

7.3.7 Depth and Dissolved Solids - ] \
The samples in this study were obtained from wells less than
19 fget deep, in which there is only a general relation- |
ship between’dep%h and thé total dissolved solids content
(T.D.8.). The water from the 25 wells with depths greater
than 300 feet were found to have cgntents averaging 718 mg/1,
while the water from the %19 shallower wells averaged 553
'mg/l.) Furthermore, the data do not indicate from which

\
aguifers individual components of a well water originated.
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The ranges and averages of concentrations of the common

ions are given in Table 5.4 in which it can be seen

/ \ .
that @pé calcium and bicarbonate ions are dominant,

/!

7.3.2- Chemical Zonation

The principal ground water facies is cqlcium bicarbon~
ate,-in'contr§s£ to Cumming's fiudings!conf%rmgd'in |

this study,forla smalier area 6fc%he Island, which was
characterised by a preponderance of Qxﬁum carbonate !
(Ccumming, 1915, p.5). There is a minor zone'in the west
of the lsland,associa£ed with the Beekmantown Dolomite
group, where magnégium is the most significant 9ation,
while & sodium rich zone is féund in the north east,
Sub-zones have been qgfined by examination of the
conéentrations of the sulphate and chloride anions, and

the calcitm, magnesium, and sodium cations,against the
ubiquitous backaground of bicarbonate, 7The analytiéal
results have been plotted on Schoeller diagrams (Figs, 6.1 ab,c
and 6.2 a,b,c), ' that pernit ready comparison of the
relétiyg abundance of individual ions and,tﬁe recogni-
tion of the various facies (Table 6,1). The areal
distribution of individual ions have been plotted and
contoured, Thé contouring has been unavoidably sub-
jéctin, inflﬁenbed by tentative correlations of facies
,w;th geological features, The facies or c¢lassified

types of ground water hava??een plotted, well by well}
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+

, on sets of profiles that also show the stratigraphical

units across the Island.  As already 1nt1mated the value -

of such profiles is preliminary where wells 1ntercept
several aquifers,and the nature of the 1nd1y1dua1 waters

is concealed by mixing. Nevertheless the classification
in Table 6.1 probably providesh;_reasonable indication-
of ‘characteristics of the waters from shallow aquifers,
while apparent classes of wéterg from deep heoles are
. ' mixtures of unknown propoxtions.

) , :

7.0 -Interpretation of Areal Distribution and Sources of Ions

The first part of the interpretation has .consisted of the

identification and understanding of the general geochemical

processes, and of the possible souftces from where the various
ions were introduced into the ground w?t@rs.

The bicarbonate ion is ubiquitous wiﬁh a minimum value equal

to tnxaaverage of the second most common anion, sulphate, and

$o the bicarbonate ion ccncentratlons do not assist much in

the delineation of the system, . Sulphate concentrations are
localised and result from eitherxfhe solution of sulphate
minerals or the oxidation cf.sulphidé to sulphate, 1t is not
unusual for Mg 80,; to be found in 1imes%ones; 51n¢e both hlgh ,/

magnesium and high- Pulphaﬁe concentratlons are fOUnd 1n thé

same area it is p0551ble that they result from solut;onwmf : f

-

MgSO,. The flxsﬁ process can be IeCOgnlSOd 1n reatrlcted areas

.eg. to the west»of"Mount'Roygl, where aboyeaaverage sulphate LV

o

e - .
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values are associated with higher magnesium values, To the
cast Of thHe mountain there is a slightly‘ragged zone with

higher, sulphate,that may indicate oxidation of disseminated

-~

k)

.Suiphiﬁes known to be,present as pyrite in Trenton formationg
No deﬁérminations of'iran were available.

Bicarﬁonate and sulphate, Ai,zonés are found near the mountain,
The§ result from the locali;ed sulphate concentrations, just
discussed,superimposed on the general bicarbonate backdground,
The distributién of sulphate concenfration shown on Fig §, 6$
appears to be lnflueﬂCed by the Whlte Horse Rapids fault,

whlch could allow upward mlgrdtlon of comparatively sulphate-
rich water fxom depth, Other isolated occurrences‘of the bi-

‘carbonatp and sulphate, Al,group probably result from Jocal

solution of sulphate mlnerals. ' ’

Solution and'ﬁhé lengtﬁ and fime of travel paths axe functions
affecting the chlaride content. The limited data of the study
"did show that the chloride dominant watex - was found generall&
in tﬁ@'deeper wells ‘averaging 212 feet in depih The hlghest
'values orlalnated adjaaent to thp white Horse Raplds fault

‘“(Fxg, 5. S and in a three mlle'w1de'str1p adjacent to the St.

-

Lawxence-Rivéxl .In these caqes, the chloride would have been

a

acqulred anywherezdﬁthhe path and so is rot speclflc to pax-

flcular horlzons However in ﬁhe 1ast example,adgacent to the

.,

-St.Lawrence Rlvbr,.chlor;de could bdye‘been derlvcdkfrom the -

marine ¢1ays;.alfhough their piesent chloride content is not

P . . P
<

" known,
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The catioﬁ distribution shows greater variety than the anioné,
and Sbmay have~a greater diagnostic value, even thouéb
c¢alcium is by fér the most dopinant cation, Maximum calcium
valves of 14O mg/1 (7 meq/l) were found in undifferentiated
Trenton limestones on the axis of the Villeray antigline,near
the‘nortﬁefn tip of the Island,and to the south of the White
Horse‘Rapids fault in the centre of the Island,aﬁg along the
contact with the Utica shale (Fig. 5.2). This propinquity of
the shélé contact is p%rhaps fortuitous, as- to the north of the
Rapids faultg miniroum ?alcium values were foﬁna near ﬁpe sgale'
boundary.as well as along the axié~of‘tﬁe Ahuntsic éyncline,
There is also a pronounéed'decre;siﬂg trend ihrcalciuﬁ values

from the maximun values in the centre,towards the west tip of

i

the Island in the direction moving updip of the Beekmantown
Dolomite., To summarise; the higher calcium values were found
in l%megtone axeas often associated with gentle folding orx-
faulting. . _ L ) . -

J

The higher concentrations of magngsiuﬁ (Fié. S.j) appeared to -’
‘be associated with midgnesium-rich-lithologies, Both-dolomite
to the west of the Island, and in limestones to the west“aﬁdlthe

east of Mount Royél, where -there is a maximum of -dykes and

sills, ,Ihe‘ﬁigh along the ﬁxis of the Villeray anticline, .

N .

“also a high for calcium, may indicate the effect of geology

.

I3 .
. ¥
: A
~ N Pid ¢ -

0}

The sodium occumence (Fig. S.h)" 1&_cohceﬁhﬂted.iﬁ the northern

.
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half of the Island on both sides of the WhiteaHorse Rapids
fault,which appears to be a signifiéant control,) Other con-
centrations were found along the Villeray anticline axisrfur~
thexr to the north from the fault,and in the northeastern shore.
belt where chloride concentrations were also above average
(Fig.'SLSS. Theﬁmaﬁor source of Sodium is presumably sodic
feldspar of the Moﬁteiégian iﬁtxusives; whilst fhere may be

some ‘contribution from the Champlain marine clays,for which no

local chemical analysés Were’available, and peihaPS'from the

shales.,

Thenareél. élassifiéation of Cumming (1915,. p.8~9) applied to
wolls within the llmltd of tbe ‘City of Montreal at the time of
hls Ieport and wthh were deeper in avcxage ihan the weils of
the early 1950s, There were 181 operatlng wells deeper than, °
?Od feet in 1915,ané,25 in 1951 Therefore it ls:aoi surpris ¥n§'
that thg‘aominant facié Of his study was’ sodium carbonate,
rather than qélcium bicarbonate .of therpresénm Studyr Bbﬁh
studies noted the impaxtance of loéal lithclogy,'the caﬁbonate
sedlmentary rocks and the 1gneous intrusions, whilst with the
benef1t of Clark's mapping (1952 and 1972), above average con~
centratlonq ‘of several ions can be tcnﬁaflvely cbrrelated with

'the p0551bly hlgher than normal permeaballﬁxes of the Whlte

-Horse Rapxds fault and the Villeray anticline,

N

T T.5 Changes_in Ground Water Chemistry along Flow Liﬁgs
A simple ekample of the metamorphism of ground water (Chebotarev,

955) was demonstrated by the'selection of analyses from three
Yoo

Lali
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wells on, a line trending northwest from Mount Royal to the

Rivié;é des Prairies (Fig. u.u). The waters were found to be -

3

blcarbonate sulphate and chloride respectlvely in the dlrec-

v

tlon of flow, However a fuller examlnatlon of Iesulis shows a

more complex picture particularly when the facies profile dia-

ey

- . v LS > »
grams were examined, .

The minimum cbncentrations of. sulphate and chloriae ions wezre

=~

found in the southexn part of the ‘Island (Figs, 5 S and 5~6),

with the naximum - concentra‘tlonc alose to the eastern part oL

the Whlte Horse Rapxds fault Ihls suggested dlqcharge up the

[

fault zone as well as qeneral ground water flow towards the
]

north. ,The distribution of sulphate/chloride ratios (Fig. 6£.5),

-with maximum values in both the centre portions in the west
4 1

agd north ofﬁthé Island,;confirmed recharge in these areas,and

the hlgh values in the centralypart several miles to the west

of bount Roydl suggested recharge there too.

¢ )
The base exchange index quantifying the relationship between

sogium and chloride was fouﬁd to be neéatiVe‘in all but a few
isoiated localities (Fig. 6.4). Values nore negative than
~1yo,conside§ed to be especially iﬁdicatiﬁe of recharge,were
widely scattered‘éossibly ;uggestinélthaf.aréas of récharge
were more extensive than deduced from generalised data on
surficial dggqsits dué to variations ‘in rock lithologles.

|

i

The ratio of calcium and magnesium equivalents 'in the west

-
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( appears to be controlled lithologically théreby Qbs;ﬁxing indi-

. cation of ground water flow directions. However, in the north

and centre ;ome areas of low valugé,indicative of_magnésium
contact. of. the waters,suggests-deafd water flow along»foldﬁ

and fault zones, The locations of1C)samplesﬁns¥turated:h]CéCOg,
appear1x)éorrespondtcicalcium—mégnesidm eéuivalegt ratios belaw 2.0,

the limiting criterion selected as for dolomitic sources, =

¢

It was thought that the distributionof -ground water facies’
plotted on the sectiocns (Fig - 6,10) would demonstrate flow

. zones, and possibly the me%amorph}ém seéuence of Chebatorev, 1955,

v

' but this has not been the case generally,ﬁrobably dué to the

>

non-selective samples in individual wel 1s, Nevertheless, sone | '
confixmation has_ been noted, Water from welis lgss'than~1oo,*

feet deep was found usually to be bibarboﬁate,regardless-pf\

t

gecgraphical location. Thlf is 1nd1caﬁ1ve ?f local rechaxge '
> -

and shoxt flow paths, The deepest wglld, those of over. 500
feet depthyproduced sulphate domlnanf watexs in the areg to
the east of Mount Royil, and in a restricted area five miles o

the north of the mountazn.ﬁ However sulbﬁate was found as the

aecond anion_ in water from uells of many. depths and at many

v

. ‘wldespread 1ocat10ns,ihereby its presence falls'to provide clearcut

evidence for an QVOIUulOn of fac1ea. Chloride domlnant waters
were encountered in mediym erth (212‘feét7 wéllé,éeﬁeraily

awvay from the principal recharde areas, but the bdcurrence$
were so scattered,and since there was the possibility ‘of the_'

marine clay as a source, a-progressive evolution was again not -

)
v [l
' .
S

proven, . ) ' ’ : o
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*
v

The distribution of cations en the profiles do show very definitely

. ’ a ageneral trend from macnesium dominant to sodium dominant waters,

3

a trend which results from 1ithologica1 coqtrol. ,

7.6 Conclusions

v

.

Thékwater level. data indicated that the ground water flow of the

. v

Isl@hd is radially ocutwards from its two topographically high
areas (Fig L.44). The most important of these is in the.central

, and northern part, associated with Mount Royal,

{ - .
The ground water of Montreal has a variety of chemical compositions,
and chenical trends. emerged to confirm the flow patterns deduced

' i . . "
from hyvdranlic -evidence (Section 6.4), . The chemical trends were

¢ .

. not,.as clear as they.migh§ have beén whic?*was poésibly due to .
the lirited-arca of the study, preventing sufficient devclopmenti

of distinct patterns, There might:also have been a masking o
. - ey
* P :

. "minor chemicalﬁchangeg by. the widespread occurrence of calcium

. . bicarbonate. This was found in 63% of the sanples. This corre~

» . s ‘1. r - . R )
. S lates with the Palaeozoic limestones found extensively on- the

Island; - Two other minbr'ﬁvdroghemiéal-zones are superimposed

on the main calcium bicarbonate one. -Oné is-maghesium-Tich, in

v

the west of the.Island,'and’ﬁs‘asociated with the Beekmantown -
Dolomite. The other is.sédium-rich and occurs east and north of '.
Mount.pral.‘ It appears to be a§soéiate@ with this, and minor %

. ‘ -

_intrusions, rather than Quaternarv marine clays. . Bicarbonate.is

bv fax fhe'mos@ important anion, whilst sulphate and chloride -

4 . e e e e D
. : achieve significdnt concentrations locally. | . .
. o [ . i .. . ) ' . .

4
LY
N 1
4

Essentially therefore a single grodnd~water‘systém is present -

- .

’ -
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within the limestones of the Island, The variations that occur
are mainly due to secondary modiﬁications of the original com-
position eg. by base exchange or the occasional minor mixing
with other ground water systems, suchhgﬁ“that associated with

the igneous areas, or from outside the Island,

The Future’
More precise interpretation Qill require sampling from specifié
horizons within wells. This would permit and justify more com-
prehensive chemicgl analysis, and calculation of deérees‘of

saturation of salts in addition to calcium bicarbonate, . Only ~
4 «

o ’

then could the ground water and hydrogeological structure of

»

Montreal ‘Island be utilised in optimbm fashion, There might .

n

be selective use of either the predominant calcium bicarbonate

~ )

water, or the localised sodium and magnesium sulphate and bicar-
bonate waters for drinking,  processing and cooling. Also un-

usable aquifers might beusatisfactéry for the safe disposal of

.
o . -
42 -

- unwanted 1iqui§s.( t . Lo '
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APPENDIX A ., _ DATA HANDLING

’

a . -

The data nsed_in_this investigation. were those compiled by

Pollitt in 1954%3. As previously mentioned, the data comprised

of. two typos, Chemlcal and lithological, The chemical inféima—
~tJon was very rellablc Jjudging by the close meq/1. ba]ance ob~

tained by comparing«the conqentratlon of the cations with that

-

of .the anioné“ Where the balance was'poorer'than 1056, thé -

analyses were not used., No flcld water temperature Qr pH values

“

‘were recorded. The 1ith01091ca1-data, however,,was 1e:s com=
prehensive, The type of rock from-which the water came was

. . ’ i
given, but in most cases thig was Simply 'llmeetone .. without

kany 1ndLCathn of which llnesfone formation. it wag. Similariy -

A L.
.

the~depth from which each sample, was obta;ned was omitted. "

This in turn prevented any- speclflc‘llthologlcal horlen from

.

bnlng assocxdi@d with any spec1f1c chem1ca1 analySIS. The

»~ ¥

total depth of each hole was however, avallable and thus, in!/
'ofder to obtain some .correlation of geology with chemigtry

it was assumed tha't,. lacking information‘abouf depths of casing,

v

there was ground water contribution from the whole depth of the

. v

hele. In fissured rocka ‘such as 11mestoneq, water in a bore-

.

hole is usually'dqr;ued from severql fissures or fissure zones,
each of which canfcontgibute different proportions of the total

flow as the héad of water fluctuates, - - -

. -

It was not feasible to make speéial chemfcal analysés of the

Iocal‘rocks, and no tuplcal and}yses can be presented Data

were proce@sed by mean@ of two programmes UPOATE and PLAN,

. N e ;

-~ LY 4 ¢ .



deVeloped by&the Department of Geologlcal Scxences and run on
‘ the McGll] IBM 360/75 cémputer .Major 1nformat10n for cach

well was xecorded on a Master form (Table al), (Grlce, 1971).

3

Coding of‘n0m¢n¢1ature eg. TRV==Tetreauvllle, was based on -

thé'méthods outlined by Robinson in 1966, Chenicdl ‘analyses

of water sam)les from wells were recorded on the Water. Qua]lty
"Form (Tab]e A.2). This is baqlcally the same as that used by

1

tﬁe Quebec Government,:in an attempt to achgeve qomc measur@

" of s%andardlsatlon, but lt ha's been mﬂdlfled.sllghtly imr orde*

"

to dovet311 with the ex1st1ng-departmental PEOgramme proc¢dures.

The data were punuhed on to czards and stored oﬁ tape using

) the UPDATE proggamme Lhe rnpuﬂ caxrd déc?% were xrranqed in

a sandw1ch with each punched caxd. of wastel Form datatbr each'
hole folloued by all the WAtex Quallty daia camds foxr that hole
1n turn- foilowed by the’ Master Form and Water Quallty cardﬂ

e

for,the next’ hole (Fig.. A1), - . - .

»

a v

'UPDATB étored the data .in-a geégraphical sequence, starting
01 the west of the Island and enabled individual card: rocords

to be added replaccd deleted or changed vlthaut havlnq to -

résubmit entlxe»card decks,

-
%

‘The're%rieval pregramme, PLAN, provides a map of the location -
6f»wéils in -any ‘specified area (Appendix E). The RLAN requesf
consists of five cards (Fig, A 9')‘. The flrst two are used

for the title., The third is used for pr03cct 1ocat10n and

1

i
e
»



_PROJECT NANE

- IKASTER FORM (i‘mm No. 1

TABLE A1

- a .

)Rcvnsc(} Oct, 1970 - 5

carp 1. | _Ij
P 2

Later 61 for 1s¢
cecd, 1 en 2}, 41,

NP Form filled .by ) ’ . ) Dote i
OLE r
ifomo.?m l I T LJ PROJECTNO.[ T ]
7 o '

Locotion oy br srort point of
o tsaverye, whese'onentaton ¢

A1 depth s gre%vr thop §9 feey,
o enter 19,027, ke in ro!umn 19 .

- . AL, Lo MY for is given in coldming 29-33, Stort,npw feim A’Qr each "hundred’, -
centinvatien cords “ . . - )
LOCATION LLTTER - L0 )
by UTHA IHDEX « N EASTNG ' HORTHING . T -
o i'J'[llI 17 LI,LLLIJ
. s 10 1z 13 17-236  19' 20 21 227 . C T
SHOLE "TRAVERSE DATA oie - DATE .
. ’ ) INCL M- .. S ..o DEC- {HOUE SIZE eg. 2% °
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) e
[ ’ [ ] { H |’ FIr .
23 "“‘:‘“‘ &h 27 21 23 . 20, A1 .32 3% 35> '33 "
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N N usod. O
N I 6 O O m][j '
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. ’ * : N
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l ! 1 J { { J O o . l @ : 1€ Yass 08 come
67 6B 69 70 7N 72 74 R TS TR ploth, corer "3
. .
egquilibrium ’ - ' . . , ., .
nfter cor pletion I l tF deprh un grearer ehon 99 fercs, anjer 1Y, 03, are. in column 79 . a 5 s
of P\.‘?!c o ! . N o
. = i ¥ T : ™o
Adduicnal detarled date rig, be recarded on the following - . . - R
- Dalig orecatism Foirs Ho, 16A Enguaecnng Gealogy , j
Worgt "~ et sl aervutiong Form Mo, 15 ’ bcpmm et ot Gea'erg cnl Sove izes -
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' Lo e ' : ' CALL
- : ’ '
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o ) " scale, by statlnq the northerly and southerly bcundlng UIM co-’

ordlnates of the plan and the morihlng of the centre line of

. ¢ -
* kY

| - ' the PLAN. The fourth specifies the required physical well

characteristics to be piinted out below the asterisk represent-

1
-

ing the well site,and includeselevatidn of ground surface;
, _ . . a
depth of hole, llthproalcal Codings and elevatlome and waier

table elevatlon Ihe {fifth card is-used to specify the type
. % , s ) . .
o . of chemical data’'to be printed in table form, This card .also

-

15 used if the calculated cWemncal data is redquired to be'

B

punched dlleLt]y onto cﬂrds fox use in the RAX system. The

”» a B

fscven avallable'tablqs ‘deal with genexal well data, prlma;y
cﬁgﬁica} déxa (eg. concentrations in mg/1) and calculated
“chemical data such as the meq/ 1 totals for the Catlons and
anlonq; the meq/l balance, meq/ L ratlos between spec1fic ions
“and the percontaae of each cation ox anion of the réspectlve
‘meq/l total (AppendixE), Any combinatign of tables can be

]

requested,

'
.
0 ' ‘

Do ] PLAN was unsed most exténsively,'because ﬁithlcdnveﬁienf

'duﬁmy well sxte§ Iepresentlnq easily-reédonisable points

on both the perlphery and within the Islaﬁd Qeiécted data
eg water levels, ionic contents could be plottcd,qulckly
and acéurately on maps of any desired scale, The "locdted'

- ' data were then contoured by hénd in order to produce. iso-
ionic maps such as Figures 5.3, 5.0 etc. These were. redrawn

. for incorporation in ihis thesis,

e



APPEND IX /B—* CALCULATION OF THE TOTAL ANNUAL

RECHARGE OF THE ZISLAXND OF MONTREAL ‘ :

S

Because of jthe lack of hydroﬁetric data for Montreal itself.a

" figure of five inches is taken for effective recharge from

Freeze's

p.8).

jork immediately to the sodﬁh of the river (196l,

The area of the Island of Montreal is 192 mi® .. ihe wvolume

of rfcharge is

192 x 52807 x‘%% fto

Thlere are 7.481 U,S. gallons/£ft% . volume in U.S. gallons

per year is !

Ay . E’ , ' 0
192 x 52807 x ?2 x 7.487
= 16,790 million galloné

The recharge per day is thus

16,730 _ L6 mgd S ’ . 3

365 T TLUF

This is also eduivalent to
0.2l mgd/ni®
and 167 gpm/miZ

However much of Montieal has been paﬁed thus preventing
natural recharge, If it is ;ssﬁmed tﬁat’only'aqg of the
surface ¢an be recharged then the actual recharge becomes

-

only 37 mgd,

. .
“‘1«%/"



@ ir

Recharae and permeébility\

! . " The most

N o,
. J

impermeabl

e surficial material of Montreal is clay

o
K

pY

the clay per year.

)
f
v
, »

' There are3.1536x 107 secs/yr. .

v
H

- (\ < . . " i ’
For 2 1 cm'high colunmn of;wate;‘tofinfiltrate it takes 109

Since 5" =

' a

» calculated effective recharge to infiltrate.

o

.

9

o

¥

.

+

12u?0 cm it is phyé

"

B

&

f

2

N

’

"It_can'be calculated how much Wate; can, infiltrate through

~

a

o

whose permeabilit§ (K) i between 10°° cn/sec and 1077 cm/sec,

secs if K = 1Q7¢ cm/sec, - | ’ ’
In a year a column of water. : ' ’
i T 14 7 . ( '
N 1D X 10 3,. oy
5 = 31..536 cm .
. 108, R )
who -
can infiltrate,: ,
| ’ [



‘3

valbeS‘as hich as 0.50. may not demonst te significant satura~’

nificant,

, APPENDIX C SATURATION INDICES AND OTHER GEOCHEMICAL-

‘ - ) . - . Ir

PARAMETERS OF_MONTREAL, GROUND WATERS -

° . f A i .

. M . > ¢
3

]
‘ o ‘ B .
o ~

The degree of  €aturation and other geochemical parameters for

"
3

Montreal ground water have been calculated by Héag’(1976) using

€ :
\
N , .

_ﬁis programme (1975, p. 201-227). This programme supplied the

actiVitiés of the constituents followiné Deﬁye-HﬁckeI theory, .

agsumlno ion Dalrnng and employlng a method of - succe331ve

'

approxxnaﬁlons to calculate ieonic, strength and actlvltaes

‘-

As field temperatures were not. recorded, a -temperature of 10°C
- "lp‘_r.—/‘/ - ’ N ° s ° I3
was assuned # the awerage of the values found by Cumming (1215

- 2
5 1 ” N . .-

i
- e '

‘ ,
;;\ © .

.The results 1n thls appendlx comprlse the saturation 1nd1ces of
. '.f)

a r

CqCO3 and-CaSOQ, and pCOZ alueq which are of major 51gn1f1cance

in the present study, ds well as oLher,parameters‘consldered in
' 3 . -a . v N M‘
Hoag' s original work, ' : . . . .

. > R ¢ . ' 7

- - a v

Although only a.saturatign'dndek of 0,00 indicates true .

. ’

¢

saturation eéqilibrium; Hoag (1976) considers that values of 0,00

,

’% 0.20 are probably indicative of saturation equilibrium and

’ . . > N
5 « -

tion, partlcularly as some - laboratory : yalueg'may'bevin thé;

order of 0.5 creater than’fleld values Nevértheless, as few

: a

pCO; .values appréach tﬁe atmospbezlc value of 10" 3¢5 atmospheres, -

CQ@ losses'bétween samplind and test&ng'may”be generally insig-.

’ ’ -

L.

“

e
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Sivp Ceie
siee 1£07:F
£323 130453
5237  3cois2
& . .
€%471 T 1zCecl

£2¢5 , 1104°¢

8344 170753
5341 250753
£342 ° 60ze2
tzzz 20552
5236 2083

€236 7 ~12CE53

£32r  260552-

€2:i¢ 4102
5315 1£1C82
s11e 1sCBE2
<317 sre57
s3;1 25cas3

a >
5313 1€CES3
5314 SpgE2

T CAC03

FEC(3

2¢c6.¢CC

-1.002°

T NDIeS  AND GThRnR | GROCHI ICAL
STCYS CF W TRELL OCLTINT NLTERS
(-2451876) - D
SLTURATICH I%DEX : ‘
VECC3  COLEMITE - 25C03 PACO3 " Cesos
. ’ N fA °
0.586 0.652 206,000 200.630  -2.113
—6-092 T b.4%0 2060.000 260,600 ~1.850
| €.236 - 0.603 2PoJcoé 260.6C0 :1:§73
-0.339,  0.434 200.000+ 200.GI0  -1.734
Soaars Cc.z21 pcd.cio 2€6.C50  -1.656
© 0,244 0.445 200.200 260.000, ;ﬁ.bze
f~olxo; 0.583 zco,éoo” 260.CC0 -0.918
-5.201 g.zs; 200.€00 705.050°  -1.078
ceaies | i.ete 2004000 720.083 ~1.461
~-C.294, 0.256 ZEckooo 2cC,0C0 -1.794
-0.550  0.160 200.000 280,000  =1.264
0.246  .6.280 200.060 200.CCC ~1.551
le.864  -C.12 205.C0D 2881083 ~1.333
~0.593  _0.127 200.000 ?C0.0Ca  ~1.75%
. -C %41  G.18§ 280.000 23C.0CC  -1.225
LC.c23 ¢ t.£23) 260.000  200.053 . -3.016
, -€.073 0.564 200.000 - 25C.203  ~1.259
—cozat e 200,000 205.000  -2.497
-z, 255 Cl3t9% 252.080 L.206.005  -2.122
3.553 0 ca1?T 225002 28c.oIy - Iy.799
-¢.209 hé.écz 200.600 262.03C - ~-1.727
~0. %40 G.28¢ 2068.000 200.003 -1.857
-£.208  _C.435 2C0:L60 200.£00  -1.618

PIFSCANM TrE CALCULATION

CMALACHITE

206.090
éc@?cop
200.000
250.G00 -
20C.000
200.000,
200.000

200.000

s

'200.500

2

200,000

<s




. - °‘_ . *
: . , . L ~ - JC.31
¥ .
| N .‘ . | } ?\ - ’
. . v e . ) )
. . - N TR L IO ' T
SAMP RAIE T FCECHYS FEPCY  Epcs s CUFESD epCe? gret T [.57%,
5245 1€07C2 (CT.LCO 2CS6C T 270,000 2€3.000 200,090 -2.5%6 AR.273 0,03065
’ 5323 . 120653 écoQo?c’ 200,002 2(U.€00  209.600 200,000  =2,999  =2,770 £.01057
) '_5537 @&0753' 04306 24,527 =4.137 200,600 700.CG0  -3.180  ~0.577 0,01151
T 5241 120681 £L8.CE0 20€.0C5  2CC.C) 2000500 29.773  <7.480 5,37 0.01977
5245 110651 273,000 700.A0.0 200529 263,009 200,290 ~2.790  -2.767 0.7195
53244 ;170733 sco.ca8 séoioce 200,800 200,600 - 200.030 =2,633 0.07  G.r1Yio
©5341  25079% : 20367 T -2.46%  =3.337  200.000 200.672  -2.153 0.200  0.07C32
" 5342 w0053 - 2.046  =2.769  ~2.4%6 20C.€00 273.080  =2.416 0.990  N,91435
5392 20957 02.000 20C.CCC 7€0.C2), 202,000 280.999 Cl2.338 192 091406
5239 ¢ 365¢) 1.600 | =3,147  -1.621  200.C69 "200. 200 -2.567 1,207 0.70924
©5236 120853 2,318 -2.517 .-2.755 200.060 200.900  -2.7371 1.973. N.01220
5321 260952 (00,007 ZCO.CLE  2C0.G0Y 203.000 200.C30  -7.498  -0.rA4  0.02752
8244 SOREL  (il.230  2J0.5C0 273.0uC 200,600 2000270 -1.849 -1.763  0.71253
5216 10CET) LCC.00C 200.000 P29.C0u  200.000 29604 -2.177 1.341 2,runa)
5320 3CEAS2 234.379  280,9%s D0.00d 200.000 © 290.£20  ~1.957 0.677 c.rysan
5318 R1CS7  Z00.C20  2C2.3C)  290.CC3  207.C00 27G.900  -2.495 G.a%T 0L0[133
§315 161057 Z7C.CC0  20C,CC5 260.00Pn 3009000, 200.anT  =2,500 Lemi9  QuFIul1?
5316 10753 20L.300  200.C0C2 _E;c.acv 200,008 25€.000  -72.756  1.0% 0.P156)
5211 S1C57 ZC.T05 2ce.CC. 208.21) 20C.6%0 200.312 =2. B3 0.ea0 ©.01313
5311 25CES) 305,974 1220300 700,003 2320000 230.0%)  -2.177 .us o F:n5§71.
5313 LSS T ON LI ICRALI TC0.050 2004800 F00.C30°  -7.3%4 gunts L 3.01427
5313 1E0LET  SIC.CLC  20C.CCE  27C.090 209,000 23,099 =2.396 f.an1 . 0.r0967
. 5314 SDSEY 208,000 YCO.CCL  FCC.C3M  27C4€C0  280.C6D R T 0.91727

20C = INCECHPLTIE JNFOTVATICN O

PEOCOaY IuE CALCULATICN
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¢ 5243
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N
[

5210
 B212
- "5361

5107

o
o
[
Y
15\
)

e
3
(]
L%,
A
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165751
2AUG%52
250751
17075
155
2505¢2
190751

17017281

1Epel
(053

10653

1 5
.
crens Feney
1.5C3 7¢0.87%)
0,CIT w1l T4
2,473 203,705
0.2?3 20n.3¢0
0.6C4 | “1.224
“C,152  ~2.245
9,252 «1.72%
292131 =2.125
~0417D £ L
£.725 2ci.nc§
€.5C0 ‘é?gcv
0.727 200.%07
0.648 200.70C0
03386  ~1.225
0.6 260,700
Cats 38 -7 e
=0.1%2  -2.)351
04350 =RLTES
Goh15 2004920
1970 203.7¢0
“C.6237 =1,755
. 0.373  200.709
0.327

SATLO AT,

Moy

0.33?V
~Qabeh
-0.67)
“1.032
0,537
-1.609
-0.320
“1.142
~0.916
-9.179
-0.209

 PELL
-0.17¢
-0.117
-0.1753
6. ¢36
-0.132
29,011}
~0.695

0.197
—oueag
~0.t 117

-0.199

LALIMITE

-

1.18¢
0.035
0.139
—6.191
0282
~0.162
De181

~0e%23

-0.304

9,493
_0.319
0.766
0.457
0.313
0. 469
0.449

~0.198

0,243

0.223

0.A32
~0.,436
0.1%4

0.275

tant £

PR ]

227,500

203.500

260.009
205.600
293.020
256,000
239,090
200,209
290.020
2C€.090
230.099
200.090
209,920
209,000
200,002
235,009

200.00%

230.600

'230.060

209.008

299,020

270,090

230009

IMICUDPLFIE T Rsral T T¢ PERECRY THE CALGHLAT ION,

4

S

HHCO3

271.009
200.0€0%
201,000

201.000

. 200.0C0

207.000
200.000
200.000
260.000
300,000
200.000
200.0¢C0
209.500
270,000
297.009

290.000

"2¢0.700
200,090 .

200.030
2C0.002
200. 239

266.000

200.692

s ey dea

.

R W P TPy U

~1.5070

-1.841
-1.%22

~1.351

-1.480

-0.973
~%.412
~1.129
1426
-1.331
-1.357
~1.106
~1.798
~1.404
“1.709

~1.528

-1.373

;Iviaq
1.4Y7

"‘1-‘975

PR

—13%3&

~le2?7

1

C.4 .

HALaCHI

?230.000

220,000

290,000
200,000

200,000

TE

200,909

200,900
210,309

700»500

290,000,

200.070

7000000’
N

700,399
?00.005
200,000
2000000
;OOLQ"J
230,090
200.€00

?30' Q29

209,099

200,060
POIUN T
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A

ShHP

5243
%340
> 5310
53727
5361
$1C7
5134
5105
5105

, 9334

CATE

70551
210853
290KE 3
250953
190551
1905¢1
79951
70551
150751
290552
190751
283552

220951

1180781

10453

_ 2905¢%2
10751
190751

150651
160651
100721

10653

10653

FEACH3

200,000
20,0004
2.299
5,359
2,180
5,018
4,405
207,309
P

4

23

200,000

4€0.000
1.731
Sedhb

Peal
0. 0C0
2C7.000

4,437

220,909

200 .C0N0

i

FE2C 3

22004000

w2253

“Qel 349
2CN.5790
~2+3%0
22720
200.369
~3.,972
200.000
-3.1C4
N o0.210

=2.354

200041

200,004
b R
200,750

26l.000

L

FCUILIr2ILr pE

FES?

700.8%0)
'—3.?ﬂ0
200.C00 )
230.C7)
~3:393
-2.217
~3a.124

’.Z.l,l)‘
i

’

~Z2.572
270,00
~3.g;9
233'"“ﬂ
200,09
-3.696
220,027
-3.595
2,401
L +3.204
290,002
2304007
2301
éaﬂ,ucp

260.C0

s

205,000
?200.€00
200.C00

200090

2004009

2¢0.099
209.0090
200, €OV
299.090
200.009
200.000
203.099
202.C00

299.¢00

237.000°

200.€00

?200.009:

2¢0.€00

70.C00

?233.009

2C3.009

264060

205.€00

CHFES2
200,999
20G.n00
208.00)
200.000
210,000
2073.000
200.009
300,537
2950049
206.507

®
200,000
200,000
200,990
200,070
?5GLOCJ

200,030

F 202,00

JLUSC00
200,020
230.C09
230,000

,20%.00)

(209.C00

INCOPPLETT IWFAIYATION [0 PFRECK THE CALCULATICN

»

Cm et e ——

s s

B N

B e

C.5

PPCO2 Eronr q,ste,
-3.259 2.219 Q.311190
—2.210  “1.719 0.09969
~1.970 1,271 UG 303
S1.70%  =0.075 0.01374
~2e248 =0,450 0.01149
“1.374 - 0.459 0.01999
~2,003 ~0.019 0,01612
1. 424 - 0.27%  0,01510
~1.487 1,206 0.ND1H40
~2.319 1127 201400
~2.080. =0.313 0.01454
~2.549  0.018  0.01923
-2,20% 1.122° 0.01%39
c2.65%0  L=D.761 0.01375
-2, 546 3,792 0,01%45
-2.507  0.17% D.01%20
~1.715 ~0.AY7 0707 152
~a.}2? 0.527° 0.017915
~2,080 ~JLRE1 O,N1604
~2.096 .77 n.pll%va
1,576 . ~0.125 0.0262%
~1.996 04875  0.01493
~2,018 1.261 0.0154&
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5 o SETUCATION INDEL ©

a

CSAFP CATE CACO3 FECLD MOoCNY T poLOMIYE INCO3 MNCO3 CASO4A  WALLCHITE

a

5135 60951 0.53§ ~ ~f,0607  ~0.190 0.390 200.000 270.000 -0.,931 200.000

1

|
| 5152 19078y ~0.016 ~1.8%9  -pn.e87 -0.333 200.000 200.000 ~1.596 ?200.000
\ A .

‘ -5362° 180753 0.498 ~1.076 ~0.279 0.302 200.000- 200.000 “1.409 300.000
l

¥
- %308 30653  0.663 200.000 . -D.436 0ﬂ332 200.000 200.000 ~1.150~ 260.000,

-

53012 £90653 U254 ~=1.236 ~0.766 -0.037 200.000 200.000 ~1.174 200.000

i \ .

L 5301  {£0653 - 0.216 =1.26% -0.£25 ~0.086 200,000 200,000 -1.£77 200.000
' . T . 4 .
‘ 5301 52653  0.426 ~Y.217 <0.561 0.151 200.000 200.000 =-1.381 200.000

5 , .
5129 §20551 0.435 ~1.153  -0.214 0,329 ,200.000 270,000 ~1.689 200.000

5314 70892 « 0,621 ~1.03% ~0.334 0.362 200,000 200.000 ° ~-1.303 200,000

SU10 180851  0.205 ~1.034  -0.999 -0,178 200.000 200.000 ~-1.,123 290.000

. T 7 5131 100851 0,318 -1.3P0  -0,766: -0,005 200.000 209,000 ~1.121 200.590
- 5136 20851 0,732 -0.377  0.212  0.690 200.000 200.000 ~[.p37 200.900.
5202 E50651 04161 ~0.9¢7  =0.503  -0.003 202,000 ?00.000 -1.942" 200.000

5170 2C0751 0.003 1,224 ~Qs THG ~0.,163 200,000 2006.000 ~ ~1.510 290,300

< 5113 200T5:  =0.1A3  =1.59n  ~0.£33  -0,2°0 239,203 200.080  -1,787 2Q%.0CO .

-

. 5373 210951 | 0,403 230.0C) ~0.625 0.107  200.090 200,027 ~1.262 2¢J.0G00

Bats 31051 3376 ' 200 0L ~0.733 1290 233.660 235.609 “1.%70¢ 230.000

1 »

5112 1209517 0,091  ~1.3C3  =0.979 ~0.235, 200,000 200,000 =0.9%4 200.000

il
! 5303 . [8065) 0.518  -1J791, -0.483° 0,236 200,000 230,000 -0.626 209,000
1 M . .
5116 200751 0.197  <1.670  ~0.56% 0,033, 200,000 2379.6C0 °~1.352 200.000
. 5363 120953 0.621 200.0C0  -0.232,  0.388 260.007 200.080 ~1.7064 700.000

-

¥ 1 ST 150951 0,060 -2.409 | ~1.112° <0.307 200.000 .202.000 ~0.138 290000

2
.
2

5364 308451 ~0.147 ~1.7285 i XS S R —O.llﬁ 220.C00 203.000 22,109 230.000

’
s

f
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C.7

-~ e v e [P - P e L O L R T e otk ko wtid Vemmie w b w

V4
! , a EQUIL INRIUA PE . ‘ >
SANP PATE  FCroW)3 FE2C3 ©  FES2 INS CUTES2 PRCO2* | ERROR 1 ,STR.
$135 50951 2,791  -2.044  =3.067 200.000 200.000 ~1.974 2.062 0.02039
5102 © 180751 3,478 —14357  ~3.048 200.000 200,000 -2,199° 04267 0,006
5262 x§0753 2,310, =2.575  =3.373 200.C00 200.000 -2.283 0.728 0.01226
%308 20653 -260.000 200,000 200.000 200.00) 200,000 <2.258 0.407 0,01452
5303 90653 | 3,040 . ~1.76% ~2,997 200.000 200.000 ~2.014 0.6606 0,01354

5301 'I’BQ653 3.038 “~1e 797 ~2.997 207,000 200.00{) ~2.0467 0,252 6.01317
<5304 '5'0’.653 2.906° C=le931 ~3.191 200.000 200.000 ~2.031 2.27Y 0701298 .
5129 . 1309t} ' 1).723' ~3.112 -3.,736 200,000 200.000 ~2.0460 ~0.117 0.,01030
_5371' - 708.52 .20318. ~2:517F —'3.1619 200.000 200.00()‘ ~2.235 0.012 ©0,01339
5110 "18085Y - 3.6!:9 -1.016 -2.320 200.9000 ‘200'000 ~1.93% ~0.2%98  0.01457
NE AR ﬁ‘OOéSI‘_ '31.222 *l.‘bl}' ~3. 0006 290.000 200.000 ~14877 ~0.280 0.01419

©5135. 20851 0,092  =b.743  =A,176 200,000 200.000 =3.103 ~  3.773  0,30095

il
f

5302 190853 .. 24089 © ~2.T46  =3.404 200.C00 230.Qu0  ~2.61b 0.736 10,00747
_ 5120 . 260751 2,723 ~2.112  =3.123 200.000 200,900 =~2.219 -0.601"§301162
e S133. 200751, 2,209 . ~2.54& ~2,502 200.000 200.000 -2.727 20372 ¢ 0,00757
" "5273, 200953 . 200,000 200,000 200.C00 200.000 200,000  -1.854 _ ~0.531 -0.D197%

537% 91653 200,000 200,030 200.000 200,006 200,000 . ~2.437°  0.666 0.P1070

7 v

5112 ° 4209:51 2,968 “1,8e¢7 | ~3.216 200.000Q0 200,000 ~2.453 2,202  0,01536

-

5303 180653 4,505  -0.330  ~2.652 200,000 200.000 -1.406 « ~1,63% 0.030%%

© 5114 200751 -3.214  -1.621. =3.151 200.000 200:000 ~7.134  D.45) 0,01299
25353 §26953 200,000 200.0C0 200,000 700.000 200.000. ~3.440 ~ 0.512. GL00637
5117 I5Q951 4,025 -0.610  ~2.M26 200.000 200,000 =2.302. =0.175 0u04597

5364 30851 1844 -3:191 =3.673 200.000 200.000 - ~-2,919 0.529 0.80427 ’

3
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;
' - - e e S e e o —— b e S
P
'
SATORIT IO INetx 3
{ 5avp LATE caCny F"CCS . ?’:."K\H Lo buromite 21003 MO CASOA MALALCTEFR
SLEN 260751 =3.367 C200.970 <RLUA7 =0.429 207,000 200,030 -1.544 239,000
S 5143 1 S3PEL Cu%9) =1.526° =2.5¢1 0.1f4 200,000 202000  ~L.OL6 209,00
' 5142 256751 04289 =1.543 | ~D.A%] 0,022 200,000 290,090 % ~1,401 209,01
i 5119 245751 =0.34% 200.000  £0.72)  -C.370 200.500 200,050  -1.209 299,0,1
! 5140 16151 6,657  ~1.119  ~0.177 9,459 232,000 200.090%W -1.7720 220,71
- ' 5137 170051 -0.017  ~1.R61  -0.639 —quoé 209,000 '200.CC0  ~1.321 200,00
L S1as JP0EEL -3.116 =114 =NLT1) 0,375 2900000 207,003 -2,340  200.37>
i i stce T60RSL =C.337 <1.207  -0.57) 0,235 200,000 200.00)  -2.433 20630)
© 5141 207¢1 20264 " -1.781 0. 07 0,062 200.000  262.0C0  -1.046 200,33
‘ $3¢6  ITUISL  Ca7A5  ~0.0¢9 L0614 0605 200,000 200,003 -1.021  200,3)
R 5365 6UISL, 0.350 ° ~1.529 ;oqhan \’ 0.065 2u0.390  2C0.0C0 ~u. 76 200,30
: £ 5139 60951 £.57% ~1.1a{' . D.C4R 0,540 200,030 200.000  -1.672 200,40
; o512l 1egdst 000600 -1.6%50 0 =0.99% ~0,204 270,900 290,930 ~C.6%2 208,500
grﬁ/f T sl4e "yecusy” -»U.oba»‘,iftﬁzw S0LTTL =0 1140 200.090 L 207,080 -1.444 230,70
h 5145 200851 - -0.1P1  -l.6S% 23,760 -3.255 230,003  231.500 10533 200,70
- + < ! ' -
5116 230751 . 04067  ~l.455, =0,040 | =0.072 200.420 200,000 ~1.47 200,30
: 5115 220761 C.2€0  =1.563; =0.766  =0.066 7 210,000 200.000 .-0.07% P00
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! APPENDIX L[ GROUND WATER ZONATION

’

Iintroduction ' . . .

The purpose of the investigation was to ascertain whether

specif{ic geoloagical horizons had control over the chemistry

of the water passing through them.and as such whether they

led 1o the production of any zonation. Thus it was necessary

to deduce the geological horizon ffom‘which a sample was

taken, Unfortunalely, this was not possible in absolute

terms since there was no record of the sampling depth of indi- .

vidual samples, or of casing depths, so it was necessary 1o use

other guides, These are discussed in Appendix G,

For the study of possible hydrogeochemical zonation,the Island

was divided into three scctors, These western, central and

W

noxrthern sectors cach contain different geology. By a coinci-
! ; 4

dence the conputer retrieval of the data wys printed-out in
5

three UILM scctors conforming quite closely

geological

zones (Fig. E.1).

v

Since zonation 35 threc dimensional, the distgibutlion of ions
was examined in both horizontal and vertical planes, A brief
summary of the chemical sub-~groups is supplicd for cach sector
with reference to both chemical and spatial Qpﬁsiaerations,

and a short description of the important features is given,

An integrated review has been presented in scoction 6.5, A

- S
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correlation of chemical facies ‘with the depth of the

source has been given in Table 6.2.
v hY

E.2 Horizontal Zonation of Apions o

@

E.2.1 Western Sector - L6 analyses (FT&E}e B.2) , 4

a~

37 HCOm 36 A, and 1 A, ' .

g n 5 HCOz +SO0% 5 A} ;
- _ For coding :

1 HC03 + C]. ' 1 Aé » B ;i

_ ! . ’ : see Table E,1 .

1 SO% + HCO4 ‘ 1 By : . 7

2 c1 . 1.C;y and 1 Gy ‘ N F

o P -

Bicarbonate predominates in the western sector and

. 7 .
 except for five A} and one B}, sample the entire area

e R

‘ ~west of Pointe Clajire is of bicarbonate type. The only
e YE Oy !
gy - - 3
. B'l.sample (Sgi j-HCOs) was close to the Black River/

”

¢ ol “
Chazy contact, and perhaps marks a su{ghate rich layerx

s oot

(magnesium is also quite common at this point (Fig. E.2). |

£
.

o v

I Roxboro (Fig. 2.1 no. 17) 'there is a chloride water

(sample no. 5321) and two samples with cHloride secon-

)

dary to bicarbonate (sample no. 5316 and 5317) in &n 2

1
otherwise purely bicarbonate area. . 3

E.2.2 Central Sector - Ul analyses (Figure E.2)

14 HCO3 ‘

N ®

12 A; and2 A,

21 HCOg + SO3°~
1 HCOz + C1~

2 s03" ,

20 A} and 1 AY o .

1 A
AY 2 [

2 B,

i

e el R S
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By > C1
>1COy

Cl
¢ CJ. > 501
>11COy

Cl
Cq > HCO5.
=S50,

9 el e 10 2 Sne e Rt e £ P

N

-

CATIONS
>, “ew
IY 4
I / 9/}\‘“\. 111
I, p Ig 11, 11, 111, 111,

Ca>Mg>Na CasNaxMg Mg>CasNa Mg.NaxCa Na>CasMg Na»Mqg-CR
Prefix of * to cation in subgroup I;A;, = rCa:rMg<2.,0 -
Prefix of 2 to cation in subgroup I A, = rCa:rMg 2,0-3.0
Prefix of 2 to cation in subgroup I)A, = rCa/rMy>3,0
Suffix of ' to anion group means r ratio between the two main anions is<2,0°
Suffix of '' to anjon group mecans r ratio between all the anions 1s<2,0
Suffix of 'f to cation group means r ratio between all the cations is<1.5

r denotes values in meg/l
b3

Example (no, 5214) 2I,A}

Group I

subgroup y o

Group A

Ay

®prefix to cation
in subgroup I,A;

subgroup ; =
= 21,

'suffix to anion group = A}
whole = ZI,AY

meg/ 1
Ca 8.5 Ca>Mg>Ra
Mg v 3.2
Na 1.1 HCO03>50,>C1
HCO4, 171,(5;
SO, . Moy =
o1 0.9 rCa:rMg=2.67

- r1C05:r80, = 1,75
TABLE E,1

T CODING OF CHEMICAL GROUPING
N e R v -

REL N

- ot B

- AN
ST e

oo b SR oo

1
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E.6

- For coding
5 SO%™ + HCO3- 5 B .
- om see Table E.1

T C1 + SO 1 CY ‘

The bicarbonate radical, by itsélf, is secondary to ‘the

N

A, (HCOz+ SO; ), type, and there is not any single lo-
cation in this area where bicarbonate alone has a con-

-

tinuous'coverage. Its greatest frequency of occurrence
is to the northwest of the mountain., An HCOg+ SO% zone
is found about three miles west of Mount Royal,thence
continuing in an arc to the southast for about four

miles (Fig. E.2)., East of the mountain ;s the highest
nurnber of Bj, (Soi‘é-HCOE), species found in one area

and thev stretch for about two miles south southwest

from the vicinity of Papineau (Fig. 2.1, no.18) between
Shexbroocke (Fig, 2.1{;55 no, 19) and Notxe Dame (Fig.

2.1 no, 20). The samples do not come from a single
horizon,but the proximity of the Utica Shale is signifi-
cant (Fig. 3.1). This is because shale has more sulphide,
in the form of pyrite, than does limestone, and OEgdation
of the pyrite, would produce sulphate, thus giving a
higher sulphate content in this kind of lithology. The
Upper Trenton has a moderate abundance of shale layers

- which could contribute to the~su1pﬁ£te concentration,

It is possible that the sulphate is an intermediate .
stage in a flow line originating on the nountain, and

"endina near the periphér@ of the Island, ‘since chloride

waters appear further along the line. - This, however,

SR e Ll E

Y
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is unlikely because the distaflces involved are too small

for a natural development‘%& gradual solution,

. Eetate oy

E.2.3  Northern Sector - 53 analvses (Figure E.2)

36 HCOjy 32 A; and I Ay

11 HCOZ + S02~ 94" and 2 AY -
® - -

2 S0% + HCO, 1 B} and 1 BY
- e For coding

© 1 S0% 1 By
_ e oo see Table E.1
1 C1” + so; : 1 cY
B t
2 c1” 1 C, and 1 Cp .

Bicarbonate is the most abundant jion here and forms

an extensive zone to the northwest of this sector. In

- the midéle part of this sector, on the Villeray anti-
cline (Fig. 3.1), there is an HCO5 + SO%~ zone associated
with the Trenton, There is no chloride however, which
may indicate that the folding was sufficiently gentle
to preclude fractures from connecting with water at
depth, The only chloride which does occur is on the

- ~

periphery of the, Island at various depths. Though the
distances are again small,they could represent the
chloride stage of a flow line which may or may not

have originated on the Island,




E.3 Horizontal Zonation of Cations o P

E.3.17 lestern Sector - L6 analvses '(Figure E.3}

33 1 1811,

7 211_!_' | ) |
P Ca>Mg> Na , )
g2y, |4
‘ a g ;’\3{ ) i -
- I h Ji For coding ‘ °
N 7 IX 6II; D[g'>ca> Na ' S?e Table E.1‘
h 1 11, Mg> Na > Ca
> X . .
@ 6 111 I TIII Na> Ca> Mg
1 III.
b Na >lMg>Ca
i Ilr'zJ? .

- , )

? -
The most noticeable feature here is that in the
Beekmantown outerop area (Fig. 3,7) all samples except
one have an rCa:rMg ratio of “less than 2,0,and no sample

ro, . . . . . .
is sodiun-rich (Fig., E.2). This shows a convincing .

geological control ovex water,qu;iity.“ Even the Pointe
Claire fault fails go produce Any sodium water on the
Zesouth gide,but further north close to the Black Rivex/
Chazy contact two such sanples are found, Sodium-rtich
© . water occurs in the vicinity of Roxboro, at about 150
feet depth, and underlies a shallow calciun (bicérbonate)
" zone, It is caused either by solution éf sodium
minerals,or by base exchance of the overlying calcium
™\ ions with sodiun ions left after marine inundation, or

o

introduced from depth by virtue of the Ile Bizard fault.
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\ ‘ E.10

K More comprehensive sampling would be useful,

v

E.3.2 Central sector - Ll analyses (Figure E,3)°

l‘ 29 I ‘ Ll‘ Il T
/
J 1011,
/ . > Ca >Mg >Na
/ . 621, -
{ 5311
v T, Ca >Na >Mg'

., For coding

4
6 11 3 Ix, | sce Table E.1

4 Mg>,¢a>1\}’a
1 11y ;
1 Ti -
Mg >Na> Ca
1 113
9 III 6 111, Na> Ca> Mg
- 3 II1, Na>>Mg>Ca

The notable feature of this sector is that sodium be-
comes more abundant than in the western sector. This
¥ is shown by the increase in number of samnples from the

I, and III groups. Wafér froem these groups was obtained
from the northeast part of this sector, in the area near
Mount ngal (Fig. E.3). Although magnesium is not as
common overall as in the wesiern sector, it is still
prominent in a zone about three_miles west southwest

of Mount Royal (the associated anion group tends to be

HCOE*-SOi-, ihe Ay group)., With the decline of magnesium




. . E.11

)
1

{ there is also an increase in the n&ﬁber of samples where .
calciym is the only main cation, represented by groups
I, Iy, °I) and I, Calcggm is found throughout this
sector, but there is a relatively unbroken zone to the

p southwest of Mount Royal.

23

E.3.3 Northern Sctor - 53 analvses {Figure E.3) ;

; /
331 .7 ', |

111 /
] B 21, Ca >Mg> Na
3
10 71, ] For coding
7 Iz Ca > Na>> Mg see Table E.1
1 11 1 I1, MQCa>Na /
19 111 .7 III, /
a > Ca > Mg
2 11T p /
10 II1, Na > Mg> Ca

/
i

The trend of an increasé¢ in sodium which was outlined
in the previous sector,conti7ﬁes here, Samples with
sodium as the main cation aifount for 19 of the 53

- samples ie. 36% as against Yo and 20% for the western

and central sectors respectively, They were obtained
essentially from two areaﬁ; The larger of the two is
on thedeastern side of th¢ Island running from the morth
and east of Mount Royval fo Pointe~aux~Trembles (Fig, E.3).:

It is characteristic ﬁf this sodium area that magnesium




. . ) . E.12

t

{ ‘ exceeds calcium as the no, 2 cation in most cases, ie.
* the III, group. The second zone is in the north of-the
Island, due west of Pointe-aux~Trembles. Here calcium

, is the no. 2 cation, the III; group, though there are
two samples at the eastern margin of the zone whgrelthe

ratio between calcium.and magnesium is less than 2.0,

which might show a transition betwcen the two zones.

7
~

Magnesium is of little importance in this sector as

\N\ | illustrated by the paucity of samples from the II group
and 11, subgroup, only 17% of the total. 7This is ex-
plicabie if one considers that the Beekmantown is now

- about 1000 feet below ground level, and that other sources
of magnesium, eg, the Pamelia, ar?,about 700 feet below
the surface,so that any watexry moving upward from depth
into the Trenton rocks of this sector has a chemistry
re%locting both the upper calcareous horizons and the

increasingly abundant shale intercalations which con-

tribute to the sodium ceontent,

&

et
-7

E.4} Vertical Zonation of Anions

Vertical zonation is possible due to the relatively low rate
of vertical movement. Vertical permeability is generally |
poorer than horizontal permeability. This leads to a low rate
of vertical movement 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




R B e X il e R e vt R Lo o S e e aAd R

N

e s

E.13

i

indefinite or blurred boundaries to occur. in this study, since
the exact samﬁle depth was unknowﬁ it was assumed that con-
tributions to the sampled bore hole could occur ihroughout its
length, This automatically detracted from exact zoning, but

nevertheless enabled an approach to be made, see Appendix G.

-

B .

&
E.L.1 Western scctor -~ IS analyses (Figures E.L. a and b)

36 HCOg 35 A, and 1 A,
5 HCOz + SO5 . 5 A

_ _ For coding
1 HCOgz + C1 (R

o - see Table E.1
1 SO% + HCOj 1 H, ‘
2 Cc1 1 Cy and 1 C4

H

Bicarbonate, as the HCOz, A, group, predominates in
the'western part of this sccior, but especially so in
the Beeckmantown and lowest 100 feet of the Chazy, where
in only two samples out of 27 is sulphate at all impor-

tant as the HCOQé-SOZi, ﬁly group, PBoth of these are

kY

associated with magnesium,

IA the Roxboro area (Fig, 2.1 no. 17) the basic unbroken
bicarbonate zone is located by rclatively shallow holes
less than.100 feet deep, tapping the lowest 150 feet of
the TIrenton, but it overlies a déeper chloride zone ro-
presented by ;amples no, 5316 (AL), 5317 (A,;) and 5321
(cp), from depths of 189 fect, 138 fcet and 325 feet

respectively, . All three samples are sodium-rich, The
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Jle Bizard fault runs just to the south of this area,

-~

2 80 it 1s posgsible that s¢gdium chloride water from depth
is afforded a passage towards the surfﬁce. Sample no,
5321 is the deépest ana has most chloride, Sample no,
5316 is the next deepestimith the socond’value for

chloride while sample no. 5317 is -the shallowesi and has

e Ly

least cbhloride, though s5till significant. Thl; respeciive
o .

THCO5:xCl values are 0,40, 1.00, apd 2_5l,which shows {

the lessening effect of upward scecpage from the fault

D e L ey

P

towards the surface,

The contact of the Black River and Chazy Groups is marked
by three samples of the HCOZévSOi‘, A', typ=, and one of

the Soﬁm% HCOEQ BH, type (Fig, E.ltb), “This shows the

o SV S

presence of a sulphate rich horizon,

E N LAY

E.L.2 “Central Sector - . 9 analveas (Figures B, c and @)

é 11 HCOL 10 Ay and 1 A

£ i N .

{ 20 HCOg + SO% 19 A, and 1 AY

E i For codin

é’iﬁ 2 sof 2 B, 9
. 5 507" .+ HCOL g g see Table E.]
;% < 3 2 1

¥ 1 1"+ 505 1l

b
j:x X7

5 4 N . . .
i: The number of samples in which bicarbonate is the
ol : . . . Lot . . .
éﬁ single main anion, HCOz, A, group,diminishes towaxds
[ O .
v the cast. Instead the sulphate content of the ground
' . .
- water increases as shown by the number of samples {rom
f’; ' t
A 1 ) - . N

i the A, and B aroups,due 1o the increasing influence of
gl..z
{3 o)
x " b

¥

i
&
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\ " the sulphide-containing Trenton and Utica (;ze Section
6.5)‘

o {MRd a8 La s

Fig. E.ljc has 22 samples of which only five are of the
"HCOgs, ‘A group. All are in the top half of the Trenton,
A

% and four of the five are between 206 feet and 236 feet

below the top of the Trentgn. There are zones rich in
sulphate both above and below,so it might be that this
horizon has less shale in it, All the remaining samples

of this figure are relatively rich in sulphate, without

comprising any specific zone,

»

Fig, E.l4d shows much the same as above, It only has
five saﬁples of the HCO3, A, group,but'10 of the HCOj

+ S80%", A%, group, and two of the B, group, again show-
ing the importénce of sulphate, The Trenton has an A%}
zone from about 330 feet to 50 feet below its top.
There are only three samples from the Chazy, all from

, between 50 feet and 100 feet below its top,and all are

sulphate-rich,

There is only one sample of water which has chloride
.as the dominant ion, no. 5146, This is found about 292
feet below the top of the Trenton in a holé 270 feet

]

deep,




E.20
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v

36 HCOg |
11 HCOg + SO%
1 S04

1 C1

2 Cc1”

¥

/
(

K3

correlation,

flow line,.

2 SO%~ + HCO4

E.l.3 Northern Sector - 53 analyses (Figure E.he and f)

~

32 A; and L A,

9 A'l and 2 1\'1

1 By For Eoding
1 B and 1 BY see Table E,1
1 cY

A
1¢1 and 1¢C,

‘x;’@

Bicarbonate is as'ubiquit?us as ever,and it can be seen

from Figure E.lje that there is an A; zone at 100 feet

+ 50 feet below the top of the Chazy, and also fram 600 ¢ 100
feet below the top of the Trenton, Immediately below

the A, zone in the Trenton is an A; zone. Figure E.4f

shows the same zonat?on as above and exténds the A,

zone to the 10O foot level of the Trenton.

Analyses in which chloride is important are rare, though

three are present but with no horizontal or vertical

However, since they tend 'to be peripheral

to the area, they may represent the distal end of a

IR it on e

PRI L 1T P

T e Mm gy

Mo,

B A R

P

»

Rt dd ooy

A L



ft
as!

200

100

Ay———- CHEMICAL CLASSIFICATION
—-—=~T0P OF HOLE IN FEET ASL.

| BoTTOM OF HOLE IN FEET ASL.

Y ~——GROUP AND DEPTH BELOW TOP OF
S GROUP IN WHICH HOLE ENDS

74
3

CARTIERVILLE

e e

FIGURE E 4e .

. SECTION TO SHOW VERTICAL ZONATION
OF PRINCIPAL ANIONS

IS

A M B , A
) ol Tz BY ! AT A .
Ay Ay Mo 1,0 T 7;;1 Ay 5 A;
v A1 ' N
B T czy 1 w7 ;LN
? 58" o o & TRy & Byset s58 600"
HAZY B YR w TRN OF T, P
; W, | |m | W™
Top
BXM BKM oF
c 91 BEEK M4 RN
BKM NTOWN 732 é’}%‘
T4
BKM
- 218 N
- 602
b\ .
[oPA 4 -
67
czy
HORIZONTAL SCALE °_ 1/95,000 "
{SEE TABLE 6§1) A1& Az
Aj
A2
NOTE  ANY APPARENT STRATIGRAPHICAL 8,8 B,
INCONSISTENCIES ARE DUE TO. !
THE EFFECT OF FOLDING NOT B,
CATERED FOR IN THIS METHOD "
OF _PLOTTING ) 2
: ¢4
2

R A R R N L PP L SR T I S

—
MONTREAL EST
Ay
RN A2
409 T'!‘;N .
& oL
e‘ oF TRENTO!
.
= HCO3
= HCO3 + SOF
= HCO3 » CI7
= 50
= S0g" ¢ HCOp o
= so;” + ¢! g
= cl-
R
= €™+ HCO5 .



’ FIGURE E 4f

. SECTION TO SHOW VERTICAL.ZONATION

. ' ’ OF PRINCIPAL ANIONS
MONTREAL NORD B
" .
asl. . . -
200 '
* A
A Ay A1 Ay
100 Ti_, N A Ay ,?Az A A‘%mlégn 1 a2
T RN
0 N T Ié TIN Tg E@g TRN ypy % 52 ! T g
; 714 Iféf . 690 6'3 ™ 659 5o TG%,: 3!}500- " : ,a,
TRENTON LW 1op. g :
TRENTON
HORIZONTAL SCALE 1/ 24,000
¢ {
Ay————CHEMICAL CLASSIFICATION  (SEE TABLE 61) AytA,
————10P OF HOLE TN FEET ASL
4 1' ’ A1
_____ BOTTOM OF HOLE IN FEET "ASL.
TRN————GROUP AND DEPTH BELOW TOP OF
74 GROUP IN WHICH HOLE ENDS

T N

. L imedhe A, mafeler e T ey B oS e T

BouT OE LTLE

Aq
g
£33 TRN~"g
= HCOA
; 3
= HCOj » SOF

Aq

462

Nz



E.23

{ E.5 Vertical Zonation of Cations
E.5.1 Western Sector - L© analyses (Figures E.5a and b)
32 1 18 11, ] . '
: 2 17 "
4 Ca >Mg > Na
6 21, For coding
6 31, see Table E,1
-
7 I1 6 11, Mg >Ca >Na ’
1 IXg Mg >Na>Ca
0
6 111 3 111, Na >Ca > Mg
2 III, :
. Na>Mg>Ca
1 1171}

Magnesium is very important in the western part of this
area, and within the Beekmantown only one sample - of the
21, group - does not have a 'dolomitic' rCa:rMg ratio

of less than 2.0 ie, all samples except one are of the
11, group, Magnesium-rich layers are apparent, especially
from 320 feet to 370 feet and from 130 feet to 200 feet
below the topfof the Beekmantown, but also the rest of

the samples outside these specific horizons, ranging from
86 feet to Li61 feet below the top of the Beekmantown,

are all magnesium-xich, b

LS
iy

a

{ The Chazy in ‘the northern part of the area has the first

examples of a sodium-rich watex, from horizons 102 feet

.
T
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{ , and 15l feet below its top (samples no. 5325 and 5321
- respectively, both associated with chloride), with other
examples at the contact of the Trenton and Black River
Groups. These appear to form a sodium zone about 150
feet below ground,which underlies a calcium-rich one,

Chazy to the south of this area is less calcium-

i

ri€h than one might expect from a limestone,but it may

be affected by magnesium from the Beekmantown below, and the

Pamelia formation (at the base of the Black River Gréup)
above,with ground water movement helped by the Pointe
Claire fault, Generally, however, the proportion of
magnesiun begins to wane in favour of calcium further

up the succiisié;:,a trend which continues eastward,

/

7 2,
E.5.2 Central .Sector - 39 analyses {Figures E,5¢ and d)

g 3
26 T 31,
' 9 lIl i
521, o Ca>)Mg > Na
5 %1,
b Ip Ca> Na> Mg
. For coding
6 11 3 11,
~ " Mg >Ca > Na see Table E,1
1 11,
1 11, ,,
Mg >NaCa
° 1 11,
(\ -
7 111 L III, Na > Ca> Mg
g

3 III, Na >Mg >Ca




FIGURE E 5¢ .‘ .

VERTICAL ZéNATlON OF PRINCIPAL CATIONS
12 <

SecTION TO SHOW

LACHINE

ft

as!
200 3
1, na8,  2,°h
. QI 2 Iy 3{ .
100 ’T '{
I
! R
0 1Ry 5
%
RN
487
311 —~—— CHEMICAL CLASSIFICATION [SEE TABLE 61}

TT"TOP OF HOLE IN FEET ASL

-

— e —-BOTTOM OF HOLE IN FEET ASL,
TRN———GROUP AND DEPTH BELOW TYOP
246 OF GROUP IN WHICH HOLE ENDS

I
-

MRG 1y
25
{
m4 h
D
MRG RN
486 170
TRN
) 206
MRG
730
MONTEREGIAN
. INTR
USIVES TRN
236

HORIZONTAL SCALE
11 64,000

=5
I
o
o2
1y
m

1§

n

Hn

Ca > Mg> Na
Ca > Na > Mg
Mg>Co > Na
Mg> Na> Ca
Na > Ca > Mg
No> Mg> Ca

JACQUES CARTIER

BRIDGE
211
111 .
- 2 '
m21
Iz - ks
| el 3
TRN
- 19
TRN
292
TRN
516
TRN
624
\ TRENTON )
BRN
-
RIVER
- CHAZY ~—
czY
98




FIGURE E 5d

SECTION TO SHOW VERTICAL ZONATION
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Magnesium is not as consistently abundant here as in
the western sector,but it is still important. The main
zone is west southwest of Mount Roval at depths corxrres-

poriding to the top LO feet and botitom £0 feet of the

Rosemount formation of the Trenton (Rosermount = from .

LoD feet to 675 feet of the Trenton).

S g o, el

“~w.-Fherge arc more sodium-rich samples in this sector than

E

% in the western one,mainly to the north and east of, and
g associated with, Mount Royal, Horizons which are sodium-
X

- rich are the 230 feet to 290 feet below the top of the

hEs
54
"4

Trenton,and the top B0 feet of the Chazy.

3

Calcium is found mainly to the southwest of the mountain L
from 200 feet to 250 feet, and from 370 feei to 90 feet

below the top of the Trenton, .

E.5.3 Northern Sector -~ 513 analvses (Figures E,5e and f)

( 33 1 7 1,
1 1Y
i . 3 Ca>Mg>Na '
) 8 zll ¢
Sy
10 JIIJ ) . For coding
~ 7 1 Ca>Na>Mg see Table E.1
11 1 °‘rr, Mg > Ca >Na ‘
19 1II 7 III,
L Na >Ca >Mg

~ ' . 2 111y J . | J
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FIGURE E 5f

SECTION TO SHOW VERTICAL ZONATION
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The continuing trend of doecrease in the importance of
magnesium is again seen,and only nine magnesium-rich
samples {the 1II, and 'I, groups) are found. They do

¢ .
however indicate two zones. One is in the top 150 feet

of the Chazy while the other is about 760 feet below the

top of the Trenton.

Sodium now achieves its greatest importance,and i?
aominant in 19 samples. It forms a minor zone to he
southwest of .this sector,at the base of the Chaky and
top of the Beekmantown. This is located by deep holes
with water of the III, and I, groups (Fig. E.5e), In
both these groups magnesium is. the no. 3 cation, so if
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
ang lower Trenton, roughly corregponding to the Rosemount,
The northeréastern zone is of the III; group, the north-

western one is of the III, group.

The northwestern sodium zone and northern part of the

T

eastern zone show up in ‘shallow wells, less than 100

™.

feet ,/deep, while the southern part of the eastern one
derives from a sourqge always deeper than 135 feet and

on average ;90 feet deep. All the samples involved
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~

have a base exchange index more n%gative 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 hence the base exchange index closer to a
balance at zero. The alterngtives are base exchange or

simple solution from a‘'sodium source. There is not a

significantly large concentration of any anion, such as

L2

- sulphate, which might be expected if specific solution
of a sodium mineral, such as CaSO, had occurred. Base
exchange is the more 1ike1y. 'Limestone 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, despite the inference that cal-
cium ions must be removed from solution to ca&se the re-
lease of sodium. 1In the east the wells are deeper, so
sodium has had more time to replace the calcium ions by
base exchange., The replacement'has been such that cal-~
cium is reduced to, the no, 3 ion. Doubtless some mag-
nesium is exchanged by sodium as well, but since it has
a larger hydrated'ion the exchange process\&puld be

slower, This cans explain the III, group of the east as

against the III, of the west.

Calcium is found in the northwest,in a zone in the lowest
100 feet of the Trenton., This is beneath the sodium

zone with the transition from one to the other marked
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¢

by §émp1es of the I, 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\a; the base of the
Chazy.

i
There is a slight intexdigitation 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 the distributions of
cations, both vertically and horizontally, one may get the
impression that calcium is not particularly important

since little emphasis or comment is attached to its

- occurrence. This 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 rathey than

'simply to state that it is calcium-rich.

P

An integrated review has been presented in section 6.5,
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APPENDIX F RECOMMEXNDATIONS FOR

AQUIFER MANAGEMENT
B

x
8

Cumming fouﬁd 12 artesian wells in his investigation in 1915,
but Pollitt did not report any in his study during the 1950's.
The lowering of ground water levels by reduced recharge would
be rectified by constructing recharge bore holes with the nece-
ssary pollutiant traps, and would be worthyhile because ground

water, in the long term, is cheaper than .surface water, especially

with the new water rates. However the initial capital expendi-

‘ture’ to exploit ground water is often high,and not always guaran-

teed to provide the yield required, For current satisfied users
of ground water these restraints are probably welcome, because it
means their supply is not jeopardized, However, if more people
decide to invest in ground water, some form of check must be
introduced so that the quaniities of water removed can be cesti-
mated,and if necessary restricted, so ﬁhat annual recharge can
make good the abstractions., If the water were allowed to be
mined locally,ground water level could fall to such an extené\
that infiltration rrom the river might occur and contaminate
borehole supplies already in use, This has happened extensively
in London, England, where saline intrusion from the tidal reaches
of the Thames has occurred élong both banks of the river, and

the aquifer has been contaminated as a result. Now no further
abgéractions are permitted,but the legislation was much too late,
Artificial rechayge is a solution to the mining of ground water,

but problems can arise with clogging,either by bacteria or by



suspended solids, Also the compatibility of the recharge water
with that already in the agquifer must be considered, so careful

planning must precede any rechaxge schemne,

Ground water in Montreal has an average temperature of 50°F
(10°C), which remains constant throughout the year, Thus it

is useful for air conditioners during t}{¢ summer, and also for
i

[N

heating systems during the winter, "It is also of §$good quality
for domestic consumption, Full utilization depends upon detailed
knowledge of the aquiferx characteristics and the local hydrologi~
cal budget, The aquifer characteristics can best be obtained
by means of specially controlled pumping tests using main ab-
straction boreholes and, iF necessary, purpose made observation

7
holes. The iests should be 76y as long as economically possible
to get a true picture of the aquifers capabilities in terms of
transnissivity and Qﬁorativif?, There can then be treatment
by 35/ hydrochloric acid and Ffurther pumping tests made, to
ascertain‘whether acidisation improves the yield signiiicantly.
Before any pumping test, a survey of other ground water users
within a mile radius of the proposed test should be made,so
that any resulting QQrogation of their supplies cdh be remedied,
During any pumping'test the quality of water should be monitored
to ascertain if theve is any chahge with time, which might indi~-
cate induced recharge from a nearby river 6¥:m%erception of a
stagnant arca, which in either case may make the water unsuitable
for the purposc originally intended. Similarly, full hydro-
metric data such as ground water level fluctuations, rainfall,

»
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evapotranspiration rate, stream flow, base flow and soil
noisture deficits should be obtained in order to calculate

the hydrologic budget, Also extensive permeability tests could |
be made to enable more accurate figures for rgcharge,and.lateral
flow rates 10 be calculated,and hence a more precise delineation
of recharge areas could be made. This is necessary to determine
how much water should be allowed to be abstracted without alter-

‘

ing the balance between recharge and discharge. g

In Montreal it is cleax that ground water of a quality
sultable for all donestic uses is available at depths.of less
than 100 feet throughout most of the Island, This watexr is of
a calcium bicarbonate type, There are other types of water
such as those rich in sodium, These would be more useful. te
industry since they are softer and would not cause scaling if

used in cooling processes, Although not as widespread, zones

7 .
- of softer water are present and are not so deep as to preclude

exploitation, eg., the north eastern sodium zohe has an average
depth of 118 feet. Thus there is ground water satisfactory for
most needs, but in order to manage it both quantitatively and

qualitatively, more éat& of the type outlined above are required,
These could be obtained Trom & network of small[diameter obser-
vation wells, especially important in areas without reiiable
coverage at present, and from stream gauging. Moreover these

data should be obtained if a wvaluable resocurce is not to be

wasted, .
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CAPPENDIX G - VERTICAL ZONATION

Ground water {flow in limestones such as those found on

a

Montreal Island is through fissures, so any borehole will
have water contributed by a number of discrete horizons.
The depth of the main contributory fissures 1is likely to affect
the chemistry of the water in any g}ven borehole, because of \
the varying lengths of the flow lines intercepted at different
depths ind changes of mineralogy with depth due to alteration
of sedimentary processes at time of deposifiom.

P
Howevexr the datia available in this study have no reference
to the depth from which samples were obia;nedo There was no

information as to casing depths, as to the level at which

water was {ixrst stxuck,or as to the depth of the pump in any
pumped samples, Consequenily the rough guide that was used

was that the bottom of the hole was taken 1o represent the

contributing horizons:

N
It was decided to try to ascertain whether these horizons
correlated with specific geological formations oxr groups, .
Té help deduce quickly whichlgcmlogical horizon was being
tapped,ap ‘isoalt' map of the Island was drawﬁ using the
PLAN progranme (sce Appendix A)., 7This showed the height of

the top of each geological group found on Montreal Island

relative to mean, sea level (Fig, G.1). Each sampling pdint
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FIGURE G.1

ISOALT MAP TO SHOW THE POSITION OF THE
JOP OF THE STRATIGRAPHIC UNITS FOUND ON
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N was plotted on the map and its position relative to the top
of a geological group found by associating it with the

appropriate isoalt,

N a

To find out how far below the top of a group a sample was

1

l
taken the topographic elevation and depth of the well were

needed, So

G, = T ~ (I+D,) where Gy = horizon of group
T = topographic elevation
I = isecalt -
Dw = depth of well

¢ ’ -

Consider sampling point 5101 (Fig. G.2). .
\ .

Its isoélt contour is 37l feet ie. at that point the top of
the Trenﬁon is theoretically 37 feet above sea level, Its
own topogréphic height is 135 feet above datum and the depth -
of the well is 200 feet thus
Gh 135 = (374 + 200)

135 - 57l

- L4139

il

"

1

ie., the sample came from 39 below the top of the:Trenton
Group, _‘/4:5

If the dgpth below the top of the group exceeds the thickness
of the grodp then the excess is the depth below the top of the

underlying group.
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This method is not intended to-be absolute but rather to give
a general-guide to the horizons encountered, anything more

would be outside the scope of this thesis in terms of the

o

structural considerations.
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