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The Gulf of St. Lawrence bordering on the shores of five Canedian

provinces is featured by, a deep chllnnel extending from a point near

the mouth of the Saguen'ly River to the edge of the continentlll shelf,

a distance of some 750 miles (1400 kin.). This ch'lnnel, the L'lurentian

Channel, he s a tributary, the Esquiman ChRnnel, extending towards the

Strait of Belle Isle (figure 1), and it has Il brllnch on the north side

of Anticosti Island. In the Laurentilln Chllnnel depths range from 100

to 300 fathoms (180-540 metres), thus allowing w!lters of oceanic origin

to proceed a distqnce of Ilpproximlltely 500 mi:l,es inland (920 kin.).

The origin of the Laurentian Channel or submqrine valley has been

described (Shepllrd 1951) as primllr11y due to glacill.t1on and perhllps it

pre-existed the ice age (Wisconsin glacier) as a river valley.

In a previous work (Lauzier and others, 1951) the feAtures of the

WAters in the surface layers in the Gulf of St. LAwrence hRve been

descrJbed. The present work sets forth the intermediate and lower

water layers in the Laurentian Chllnnel Rnd attempts to show how they

vary both seasonally Ilnd from yeAr to year. Several writers hRve

attempted to explain the origin of the intermediate or cold-water

layer in the Gulf and on the Scotian Shelf (Bjerkan, 1919; Huntsman,

1930; Hachey, 1938; TremblRy and Lauzier, 1940) however, little more

than pllssing mention hilS been made of the lower warmer layers of the

waters in the Gulf of St. LAwrence.



The dAb'! used AS the bpsis for this paper were collected during

the period 1946-1948 by observerR of the Atlantic Herring Investigation

Committee 'l.nd members of the AtlAntic OceanogrAphic Group. Since the

hydrographic observ'ltions have been relAtively continuous and Along the

same obserVAtions p'lttern, 'In opportunity to discuss the vllrilltions

from sellson to season 8nd from year to year is Afforded.

The dOlt<\. collected in the L'lUrentiA.n ChA.nnel A.re used to describe

the prevAiling conditions in Spring, Summer, early Autumn and lA.te

Autumn, the Summer And l'lte Autumn cruises being in 1947, the Spring

and eArly Autumn ones in 1948.

Sections across the Laurentian Ch'lnnel Are plotted to show the

vertical distribution of temperAture and sAlinity, end to delineAte

the intermediAte And lower water lAyers. T-S diagrams 'Ire used to

complete the study of water masses found in the chAnnel, AS well <IS

the different types of water thllt form the intermedi<lte <lnd lower WAter

The intermedillte or cold-w<lter l<lyer is th<lt lAyer of cold water

lying between the surface lllyer and the lower l<lyer of warmer waters.

For our purposes here we ohave defined the intermediate water lAyer as

being boundedob Y the 0.0 C. isotherms, and thus having temperatures

less than 0.0 C.

Below the intermediAte water lAyer, the l~wer water l<lyer is

found in WhiC~ temper<ltures are as high 8S 5.6 C. lind s!'linities as

high liS 34.7 /00. In this region positive temperAture gradients

exist, whereas in the intermediate water layer both positive and

negl\tive temperAture gradients are found.



VERTICAL DISTRIBUTION OF TEMPERilTURE Jl.ND SJl.LINITY

The sections of temperatures and snlinities are described in

succession from Cabot Strait to the St. Lawrence River Estu'lry for

Spring, Summer, early Autumn, and l'lte Autumn, respectively. The

hydrographic stQtions used in this paper Are contained in the following

sections:

Section I

II III

II III(A)

VI

Distribution in Spring 1948 (May and June)

St'ltions 33 - 39

78E - 89

46- 52

In Section I (figure 2) a lqyer of cold water, a s defined by the

0.0 C. isotherms, is seen to extend across the entire section with an

aver"ge thickness of sixty-five metres. The most notable feAture of

this cold-water lQyer is that the two bounding surfQces Are equidistant

across the section. The meAn depth of the cold-wllter layer varies from

50 metres at stotion 35 to 115 metres at stqtion 37W, and then rises

to 90 metres at stlltlon 39. The mean s'!linity in the core of this

layer is ApproximAtely 32.10 /00. The WFlrmer water, underlying the

cold WAter 'lnd confined to depths greqter thAn 100 metres, has an

upper boundQry whose meAn depth is somewhllt grMter thAn 140 metres.
o

A feature wor~h noting is the associFltion between the 1.0 C. isotherm

and the 33.0 /00 isohaline. This feature will be even more



predominant in other sections th<m in this one. The main temperature

gr~dient in this wllter is between t~e 190 Ilnd 280 metre levels where

the temperature chAnges from 1 to 5 C. Below 300 metres to the

bottom (500 metres) the temperAture gr~dient is slightly negAti~e

AS compAred to higher levels, with e mAximum SAlinity of 34.70 /00.

The cold-wAter lqyer in SectJ on II (figure 3) re~ches Across the

entire section AS in Section 1. Commencing At stption 69 where the

lAyer is only eight metres thick at the 75 metre level, the thickness

changes rApidly to seventy-five metres in the middle of the section

and then it tApers to a thickness of twenty-five metres at station 100.

The salinity in this minimum-temperature Ipyer varles between 32.4 and
o

32.6 /00. The deep wAters found on the averAge below the 150 metre

level show A rapid chpnge in temperAture between 150 and 200 metres.

Below 200 metres the changes Are more greduel, with temperAtures
o

slightly greAter thAn 5.0 C. at 300 metres, And with a salinity less
o

thAn 34.9 /00.

In Section III (figure 4) the cold-water lAyer extends from its

point of greatest thickness at stAtion 82 to midw<ly between stAtion

78 And 79 where it is pinched out by the surface lqyer. The upper

boundary is seen to vllry from 30 metres At stqtions 80 and 81, to

40 metres qt station 83, qnd to 75 metres between stAtions 78 Ilnd 79.

The lower boundary varies in Ii similAr mlinner as the upper boundery,

and rAnges from 115 metres et st~tion 79 to 85 And 125 metres at

stqtions 80 qnd 82 respectively. The sllliniti~s, ~t the minimum­

temperature levels, vAry between 32.0 to 32.4 /00 from station 79

to 82. The lower water lAyers, found below the 120 metre level

exhibit gr<ldulll changes in temperatur~ And s"linity with depth,

reaching A maximum temperature of 4.8 C. find a corresponding SAlinity



of 34.4 /00, at the 300 metre level.

Figure 5 shows the cold-water lAyer in Section IV extending

across the entire section AS A broad band of apprdlximlltely forty-five

metres thickness. Salinities in the core of this cold-wflter lqyer
o

gener"llly r'lnge between 31.8 and 32.3 /00, while a minimum temper"lture

of -0.8 C. is found at st'ltion 91. In this section the lower waters,

with temperflture greAter than 1.0 C. And sAlinities generAlly greAter
o

than 33.0 /00 have an upper boundary varying in depth from 100 metres

at station 90 to 125 metres at stRtions 92N and 94. The same general

stratification is in evidence, as WAS shown throughout the previous

sections, with temperatures and salinities near the bottom AS high as
o 0

4.6 C. And 34.5 /00 respectively.

In the Esquim'ln ChAnnel (Section V) (figure 6) the cold-wAter

lAyer WAS on the ,-,verap;e one hundred metres in thickness. About 40%

of thJ.s water WAS of the temperature of less thAn -1.0 C., and the
o

average slllinity in the core of this hyer WAS of the order of 32.40/00.

In th~ deep trench Along the Newfound19.nd Coast mAx~mum slllinit;es of

34.60 /00 were associated with a temperature of 5.1 C. The 1.0 C.

isotherm "Ind 33.0 /00 isoh'lline were closely relqted as in the

L'lurentiAn Channel.

o In the J'lcques-CArtier PAssAge (figure 7A) II. minimum temper'lture

-0.9 C. was recorded at 75 metres Ilnd the m'lximum temper"lture at depth

was 4.4 C.

Distribution in Summer 1947

In Section I (figure 8) the intermediate water layer extends

from a point between st"ltions 35 And 37W to a point between stations

. 38 And 39. Between these two points the bounding surf"lces are



practically level, the distance between them being approximately

sixty metres. I~ this body of cold water ;he observed temperatures

rAnge from -0.10 C. at ~tAtion 38 to -0.36 C. 'lt
0

37W, while the

corresponding salinities range. from 32.1 to 32.5 /00. This cold-

water layer, which is confined to the deeper portion of the section

and the NewfoundlAnd shore, lies between the 65 And 125 metre levels.

In the lower water hyers the distribution of temper8ture and salinity

is similAr to that observed in the Spring. There is 'I close associ-
o 0

ation between the 4.0 C. isotherm '1nd the 34.0 /00 isohRline which

may be 0 Observed in other sections. An observe~ mAximum temper8ture

of 5.2 C. and a corresponding sAlinity of 34.5 /00 Rre found at the

300 metre level. While no observRtions were made below this level,

on the basis of previous observations, it is expected that there is

little chRnge in temperAture Rnd solinity from this level to the

bottom (485 metres).

A h,rge body of intermediRtA WAter is in ev::'dence, in Section II

(figure 9), with a maximum thickness of approxim'ltely one hun<ired And

twenty metres Rt station 99. The cold water is repl'lced by the

warmer water flowing over and Rround American Bank (st'ltion 69) on

one side, And tapers to a thickness of sixty metres at st'ltion 100

on the other side. In <>ddition, 'I SmAll core of w'lter with tempera­
o

tures less th'ln -LO C. is found At the 75 metre level Rt stAtion 99.

The w'Irmer waters in the lower lAyers hRve been depressed to some

extent by the lRrge 0 volume of cold water At stAtIon 99, so th'lt the

upper boundAry (1.0 C. isotherm) extends from 135 metres at stAtton

98 to 175 metres at station 99, and rises to 165 metres 'lt stAtion

100. No observations were made below 250 metres, where Rt st'ltion
0,

99, in the deeper portion of the section, R temperAture of 3.9 C.



o
and a salinity of 33.8 /00 were observed.

Fieure 10 shows the cold-water layer in Section III to be about

fifty metres thick, and to extend diagonR.lly R.cross the section to a

point midway between stlltions 78 and 79. At station 79 the thickness

incrBllses to seventy metres. The lower lAyers of warmer wllter in this

section all slope to the left And conform generally to the slopes of

the isotherms and isohR.lines throughout the entire section. The

verticlll distribution ",t any particul'lr station is simil'lr to thllt

described e'lrlier. The close 'lssoci'ltion between the 1.0 C. isotherm
o 0 0

and the 33.0 /00 isohllline, And the 4.0 C. isotherm '1nd the 34.0 /00

isohR.line, is ",gain noted for this section.

The cold-wAter 1'lyer in Section IV (figure ll) in the Summer of

1947, is continuous across the entire section, Ilnd AppeArs to be

feirly uniform in depth Ilnd thickness throughout. The temperature

minima throughout the cold-wFlter layer Are approximR.tely -0.5 C.,

while theosAlinity, incrMsingowith rlepth, vllries from slightly l~ss

th'ln 32.0 /00 at the upper 0.0 C. isotherm, to approximately 32.5 /00

at the lower one. In the lower water layers the s'llinityand tempera.­

ture distribution are simil'lr to previous sections, with the greatest

temperllture ch'lnges being observed in the upper 100 metres.

In the J Acques-C'lrtier PAss'Ige (figure 7B) the minimum temper'l-
o

ture observed in the cold-water l'lyer WIlS -0.7 C. =ear the b~ttom,

the temperAture hAd decre'lsed ~ince Spring from 4.4 C. to 3.5 C.,

the salinity from 34.4 to 33.7 /00.

Distribution in the Mrly Autumn 1948

In early Autumn, the cold-water lllyer in Section I (figure 12)

is confined to two small 'lreAS at opposite ends of the section. One,



at station 35 lying between the 80 and 110 metre levels, extends

from the eAstern slopes of the MAfl:dAlen ShAllows toward stAtion 37W.

The other, of moderate size, is found at stAtion 38 between the 90

and 125 metre levels. In the lower lAyer, temperAtures 'lnd SAlinities
o 0

reAter thAn 1.0 C. and 33.0 /00 respe~tivelY, were observed be~ow

120 metres. As in o'ther cases the La C. isotherm and the 33.0 /00

isohAline 'Ire very closely Associqted with e'lch other. The 5.0 C.

isotherm, "it the 250 metre level, is significAntly nMrer the surface

thAn in the previous sections. This seA sonAl vAriA tion in the depths

of isotherms in the lower l'lyers would seem to be sssoci'lted with

the vArying volume of cold wI'ter in the intermediAte 1llyer. A

temperature of 5.2 C. at 300 metres indic"ites thl't there is little

temperature gradient in the deeper wAters.

In figure 13 the intermediate lAyer extends "icross the whole of

Section II, and the upper boundary v<>ries in depth from 80 to 40 metres

at st"tions 69 and 100 respectively. The lowest temperatures Vlere
o

found qt stAtion 100 where temperatures AS low "S -0.6 C. were observed

at the 75 And 100 metre levels. The AverAge SAlinity in the core of

the in termed ill te lAyer WA s 32.4 /00. The lower boundAry of the cold-

w"ter lAyer v.. ries between 90, 75 od 115 metres "t stAtions 98, 99

Bnd 100 respectively. ~e upper boundary of the lower water lAyers

is indic~ted by the 1.0 C. isotherm And is generAlly Associated with

the 33.0 /00 isoh"line. This boundAry is shAllowest At stAtion 99

where it is found lOlt 115 metres; At stAtions 98 "od 100 it drops to

130 lOlnd 150 metres respectively. oObserv<>t.ions extended only ;0 250

metres where 11 temperAture of 4.5 C. And I' s91inity of 34.33 /00



Section IlIA, AS shown in figure 14, h'ls the cOld-~ater l'lyer

divided into two bodies with temper'ltures less than 0.0 C. One, ex-

tending from between st'ltions 78E nnd 80 to south of st",tion 85, is

found occupying the levelsobetween 40 and 80 metres, '1nd hllving

temperRtures 'IS low as 0.4 C. The other, extending from north of

stAtion 85 to Bllnc Rouge, is fOU~d between the 65 and 100 metre levels,

with temperAtures AS low RS -0.1 C. The ~verRge sRlinity of the core

of these two bodies is approximlltely 32.3 /00, in ellch c'lse. The

w'lrmer WAter in the lower l'lyers h'ls its upper boundRry, 'IS indicated
o

by the 1.0 C. isotherm, extending from the 100 metre level ne'lr st'ltion

78E to 125 metres st ststion 87.

The cold-wRter l",yer in Section IV (figure 15) is seen to be con-
. 0

fined to a tongue of wRter with temperAtures "s low RS -0.4 C. with

s'llinity of 32.5 /00, extending from depths of 30 metres down to 75

metres. This tonp;ue was observed, in the m",in, to the southern portion

of the L'lurentian Channel p'lssing through this section. The lower

water l"yer in this section, with temperRtures Rnd salinities respec-
o a

tively gre'lter thRn 1.0 C. '1nd 33.0 /00, is found below the 100 metre

level and follows the usuRl distribution pAttern with observed maxi-
a 0

mum of temper"ture and s"linity of 4.3 C• .qnd 34.3 /00 respectively.

Section V for Esquiman Ch"nnel (figure 16) shows the cold-wRter

lRyer 'IS heing 10cRted chiefly on the Newfoundlan~ side. The minimum

temperAture w'lter h'ls an .. verage sRlinity of 32.6 /00. However, in

the 0 northern chRnnel, s ta tion ~2, the observed minimum temper'l ture W'lS

0.4 C. with a salinity of 32.7 /00. The m'lximum s"linity of the deep

water in the chRnnel WRS recorded liS 34.4 /00 which bRd " mJlximum

tempersture of 5.0 C. In the J"cques-C'Irtier P'lSsAge (figure 7C)

the cold-WAter l<lyer h",d "lmost dis ..ppet>red .. nd the m'lximum hottom



temperllture h'ld increased to 4.2 C., IlPprOJlCh~ng the sprinf, lAvel

of temperllture. The bottom slllinity Wqs 33.7 /00.

Distribution in l<!te Autumn 1947

Figure 17, depicting Section I, in November shows that the cold­

w'lter l'lyer, qs defined, is '1bsent in this section. The minimum tempera­

ture in this section is gre'lter then 0.2 C. In the spqce usulllly

occupied by temperlltures of less thAn 0.0 C., there is a wllterom'lss

with slllinities similllr to these of the cold-wllter lllyer, 32.4 /00

on the '1verllge, but with temperlltures qll Above 0.0 C. It is of

interest to note thllt this body of wAter appears to extend from the

MIlgdalen Shallows ",rell, rather thlln from the NewfoundlAnd Coast as
o

did the wllter with temperatures less than 0 C. in ellrlier Reasons.

The upper boundary of the lower water lllyers is found "s shllllow "S

118 metres Ilt stlltion 37W, but deepens to 136 Ilnd 143 metres Ilt

stAtion 35 Ilnd 38 respectively. This rqising of the warmer wllter

boundAry is in good agreement with the theory expr"'sRed eqrlier in

viewing the distribution in the early Autumn in this Rection. This

decrease in depth of the isotherms is also shown in the ch,mge in

the depth of the 5.0 C. botherm, which is found 'lt the 220 metre

level At st"tion 37W. The observed m"ximum temperAture on the bottom
o 0

W'lS 5.6 C. with a s'llinity of 34.7 /00.

In Section II (figure 18) the intermedillte w"ter is confined in

two sm'lll bodies. One, At st"tton 97 between the 45 And 65 metre

levels, hAS 'l minimum temperAture of -0.13 C. The other is tonp,ue-

sh'lped wJ.th ts bllse Ilt stqtion 100 between the 85 and 115 metre

levels, And, extending to the :5 metre level just north of st~tion 99.

A minimum temperature of -0.97 C. was found At the 100 metre level



at st"tion 100. The avernge salinity of thAt lRyer w"s :32.4 /00.

The upper boundAry of the lower w"ter layers is prnctic"lly level

between stntions 98 "nd 99 Rt 120 metres, but drops to 140 metres Rt

station 100.

In Section lIIA
o

(figure 19) the cold-wAter lAyer, with tempera­

tures as low '1S -0.4 C., is confined to a small body centred between

st'1tions 80 Rnd 85 with a meAn depth of 100 metres and Rver"ge s"linity
o

of :32.4 /00. The upper boundary of the lower water layers vR.ries from

170 metres at station 78E to 115 metres at station 80, and then drops

to 145 metres at stqtion 82. The most mnrked temper'lture Rnd s"linity

gradients in these wl'ters occur between the 100 and 250 metre levels

with only slight ch'lnges below 250 metr~s. At :300 ~etres the temper~­

ture And s"linity were respectively 4.4 C. and :34.2 /00.

SEASONAL Vj,Rlrl.TIONS IN THE VOLUYE OF THE COLD- Vht.TER L"YER

From the foregoing description of the vertical distributions of

temperature "nd salinity it is evident th"t there "re considerRble

v"rilltions in the extent Rnd thickness of the cold-water l"yer from

one se'1.son to another.

By 'lver"ging the respective depths of the upper and lower boundar-

ies for e"ch section and til king the differences, we "rrive Ilt the

Average thickness of the cold-water Inyer. These figures wre entered

in T'1.ble r. The me"sured width of ench body of cold water w,\s multi-

plied by the thickness to give the Area occupied by the cold-wllter

Inyer in el'lch section.

In TRble II, the total "reBS of the sections "re glven, B~d the

portlons of the respective sections occupied by the intermediate Inyer



are indicated.

Features of the intermedi"te cold-VH,ter l'lyer.

Season Particula.rs StAtions

90-94 78-83

°Spring Upper 0 C. Depth (m) 35 41 66 70 30 60
Lower OOC. Depth (m 96 106 114 110 136 112
Thickness (metres) 61 59 48 40 106 52
Width (kilometres) 87 55 87 120 81 28
Area (squn.re,km.) 5.3 3.3 4.1 4.8 8.3 1.4

Summer Upper 0 C. 31 68 42 67 67
Lower oOe. 70 114 127 113 III
1'hickness 39 46 86 46 44
Width 83 59 78 83 data 18
Area 3.2 2.9 6.7 3.8 0.8

En.rly Autumn Upper 0 C. 30 43 40 73 '55 70
Lower oOe. 75 80 95 118 115 80
Thickness 45 37 55 45 60 10
Width 31 65 74 74 55 6

1.4 2.4 4.1 3.4 3.2 0.1

LAte Autumn Upper 0 e. 85 65
Lower OOC. 115 92
Thickness Data 30 27
Width 33 46 data

1.0 1.3 0

The geographical v .. riations in the depth !lnd volume of the intermedi-

!lte l!lyer, in anyone season, are not very consistent, but the following

observations might be recorded:

(a) The upper isotherm of 0.0 C. has a tRndency to be deeper from

Ant~costi Island to Cabot Str£.it thRn in the northwest !lnd

northe!lst sectors of the Gulf,



(b) the thickness of the intermediR.te lqyer seems to be

greqtest in the Esquimqn ChR.nnel, and,

(c) in the Spring, the intermediate lAyer occupies more spqce

in Esquim!'n Ch"nnel thR.n IClnywhere els e.

Areas of sections And portions occupied by the intermediate l"yer.

Particulars Stations

65-67

Total Area (snuqre krn.) 26.6 17.2 18.7 43.5 16.3 4.7

Portion of intermediate l"yer
I

in:

Spring 20% 19% 22% n% 51% 31%

Summer 8.7 17

Early Autumn 5.3 1.3

Late Autumn 1m data 5.9 6.7 0.0, no data nooot"

T~e seallon"l Vqrj qtions Are quite prominent. The upper isotherm

of ~.o C. tends to deepen with the season, And the lower isotherm of

0.0 C. to shallow. As a result of both movements the thickness de­

creases from Spring to Autumn. During the same period the intermedi­

ate layer also contracts. There is thus an obvious chAnge in the

volume of the cold-water lllyer in Ilny particular section from season

to season, Il necreR.se from a maximum in Spring to a minimum in the

Autumn. These changes "re indicated in Table III where the volume

(per unit length) of cold water in Spring hAS been tllken emperically

as 100% "Inn the rfllative percentAges of the cold-wqter layer remaining



at different sepsons c81culllted.

With the exception of stlltions 69-100 in the Sunnner months, the

sections show a decre'lse in the volume of cold water from Spring to

Aut:n. The greatest decrease in the volume of cold w'Iter (less than

0.0 C.) takes plllce between the months of September llnd November, as

much "S 70% llt the stptions ;33-39. Unfortunately no dllt ... llre llvPil"ble

in the winter months to allow a fuller estimlltion of the minimum and

maximum amount of cold water in llny given yeqr.

Relative percentage of intermediate layer at different
seasons as compared to the Spring distribution.

Spring

Sunnner

Esrly Autumn

Late Autumn

100% 100%

no data

100% 100% 100% 100%

no data no data

'l'he cold-water l"yer, up to this point h'ls been described llS an

intermediate l ... yer. However, the Ipyer is also present over the Mllgd'l-

len Shllllows (the southwestern Gulf) where the depths pre less th'ln 100

metres, and hence the lower water lllyer is I'bsent. The dllta collected

in 1948 and listed in Table IV show the regression of the cold-water

l'lyer in the M!lgd!llen Shallows, its disappeprance from cert'lin sections
o

I

and its thinning in other sections. The average depth of the 0.0 C.

isotherm !lnd the recorded minimum temperature were the criteria used



Season'll V"riations in the cold-water lAyer in the
southwestern Gulf of St. Lawrence.

Area Season Average Depth Recorded
of 0.0 C. Minimum
isotherms Tempera-

tures

Breton Spring (MIlY)
0

Off Cape 32 metres -1.0 C.
S.E. of Magdalen El;\rly Summer (July) 47 -0.6
IslAnd LAte Summer (August) 0.2

EQrly Autumn (October) 0.2

Around Bradelle Spring 40 -0.9
BAnk - W. of Early Summer 43 -0.5
Magdalen Is. LAte Summer' 47 -0.4

Eprly Autumn 50 -0.15

SEASONAL VARIATIONS IN THE VOLUME OF WI\RM DEEP LAYER

The body of water underlying the cold-water ll;\yer hAS been
o
des­

cribed AS 'l warm WAter lAyer hAv~ng temperAt~res AS hil\h AS 5.6 C.

And SAlinities greater than 34.0 /00. The 4 C. isotherm WllS observed
o

in Illl sections throughout the year, but the 5 C. isotherm occurred

only in A few. Thus in calculAting the volume of the deep lAyer the

upper boundary was taken as the 4 C. isotherm and the lower boundary

as the bottom. Te.ble V, shows the calculated unit volumes or areAS,

for each section throughout the various seasons.



Area of the deep warm layer.
(in squ~re km.)

Spring

Summer

E'lrly Autumn

Late Autumn

St~ti~

90-94 69-100

3.3 4.2 16.5 1.2 0.2

2.1 16.0 0.0

2.7 4.9 2.0 0.2

19.0

It m'ly be seen from TQble V th~t the volume of the wprm deep l'lyer

increases from Spring to Autumn, and thAt the Actual volume is lArge ne~r

Cabot Strait and compar!ltively smRll in El'quim'ln ChRnnel. The se'lson~l

v'\ri!ltions show that, on the 'lver'lge, the volume of the deep layer h'ld

incre~sed by ~pproximAtely 20% over all the Gulf. However, the geo­

gr~phical vqriations 'Ire largely m~sked by the vAriRtions in depth and

the bottom configur'ltion of e~ch section, since the bottom is the lower

limit of this body of wRter. The variRtion in the depth of the 4 C.

isotherm shows th'lt the deep l'lyer is somewhQt wedged into the

LRurenti"n ChRnnel, being at greRter depths tow'lrd the Estuary than

tow'lrds the open ocean. These depths Are shown in T"lble VI.

The dRt., from T~ble VI show th~t the 1 C. isotherm 'IS did the

o C. isotherm (see T.,ble I), hRd 'I tendency to sh'lllow from the C~bot

Str~it Rre", to the northwes t end of the Ch!lnnel. From the geogr9.phic'll

v'lriations of the ~VlO iso~herms it m'ly be seen that the temperature

grqdient between 1 Rnd 4 C. decreRses with the distance from the



Thb indicates thRt mtxinp; h more intense in the northwest

sector of the Ch'mnel thl1n in Cl1 hot StrR it.

TABLE VI

Aver"~e depth of the l.ooe. and 4.0
0

C. isotherm:'! I1nd 34.0 0/00

isohAli:1A.

Season PClrticulars

0
Spring 1 C.

4

34.0 /00

Summer 1

4
0

34.0/00

1
0

Early Autumn

4

34.0 /00

Late Autumn 1
0

4

34.0 /00

120 m.

225

115

dllta

155

240

165

130

The seasonal variAtions of the depth of 1 C. isotherm Are not as
c

consistent I1S those for the 4 C. isotherm, but they show a tendency of

decreqsinp, depths froll' Sp~ing to Autumn. Nevertloeless they fOll~1V the

vo.ril1tions of the lower 0 e. isotherm. o~ the I1verep;e, the 34.0 /00

isoh'lline fall:'! wi thin 15 metres of the 4 C. tsotherm.



As previously mentioned, .. decreAse in the volume of the cold­

water lilyer is accomp'mied by an increase in the volume of the warm

deep lilyer, witb " sUbsequent raising of the depth of somel of the

isotherms in this water. Since the temperature and s'llinity are also

increased in the cold-wl'lter layer, with the progress of the seasons,

this suggests that the lower layer WAter from the oce"n is ml'lintained,

and thAt the cold WAter is being consumed by vertiC'll mixing between

the cold-water lRyer and the two bounding WAter bodies.

TEMPERATURE-SALINITY RELATIONSHIP

The relAtionship between the two variables, temperature and

salini ty, were described eArlie~ in this pAper in referr~ng to associ­

ations such AS those of the 1.0 C. isotherm And the 33.0 /00 isohAline.

The salinity associAted with minimum temperatures was given for most

sections.

T"ne temperAture-sAlinity (T-S) ch"rActeristics AS shown on a T-S

diagram are used to define WAter mAsses Bnd to study the VArious mix-

ture of water types. The temperAture-siUinity characteristics of the

waters of the St. LAwrence Estuary in Summer were investigRted e"rlier

in rel'ltion of origin of the cold-water layer (TremblAy and LAuzier,

1940) •

T-S diagrams have been plotted for all stAtions At different

seAsons 'Ind R few of them Are presented herewith to show the geo-

grllphic'll v"riations during two se"sons and also the typical seAson­

al variAtions at A representative stAtion.



T-S d1e.grl'mi!l for the Spring

The V-i!lh~pe of the T-S curves i!lhown in figure 20 ii!l typical for

all i!lt~tions in the Gulf of St. L~wrence. The T-S diRgrAmi!l indicate

the wide vari"tions in the compoll i tion of the surface l!lyer, And i ti!l

influence in the mixture between the surfllce layer, and the intermedi­

ate layer. At the apex of the "V", the intermediate cold layer itself

shows some geographical vari!'tions in its T-S chAracter1i!ltici!l. For

the stations located in the Ei!lquiman Channel, along the North Shore,

and in the central part of the Gulf (i!ltations 48N, 60 And 65), the

intermediate layer has a somewhAt higher i!lAlinity and a lower tempera-

ture, And ali!lo a wider range of i!lalinity At the minimum temperature,

than the wAteri!l in the wei!ltern sector of the Gulf and even in the

southern part of the Laurentian Channel (stations 92N, 80 and 35).

The deeper layer, and its mixture with the intermediate layer, are

fAirly uniform and stl3ble Allover the Gulf. Some vAriationi!l i!leemed

to occur only in the SUb-layer immediately adjacent to the intermediate

layer.

T-S diagram for the eArly Autumn

The T-S diagram for the eArly Autumn (figure 21) indicljlte thAt,

i!lince Spring, both the surface And the intermediAte lllyeri!l have been

modified but thAt the deep lAyer has retained iti!l chAracteristici!l. The

i!lurface lllyer has reached a higher SAlinity for A given temperature.

Consequently, the salinity grAdient between the surfAce and the inter­

mediate layers is les!! in the Autumn than in the Spring. The charac­

terii!ltici!l of the intermediate layer h'iVe changed i!lince the Spring. but

they i!ltill show the same geographical variations as .in the Spring.

The geographical varia tioni!l were, however, more pronounced in the



Spring than in the early Autumn. nS" whole, the changes consist

in a w"rming of the intermediate layer And A slight increase of its

AverAge sAlinity. The deep layer did not change appreciably, but

the range or variability of temperature and salinity seemed to be

less in the early Autumn than in the Spring.

Seasonal Variations in T-S Relationship

It can be re"dily seen from figures 20 and 21 th" t the waters of

the Gulf of St. Lawrence, At least in the Laurentian Channel and

Esquim~n Channel where depths are greater than 100 fathoms, are the

results of mixtures of three types of wa ter:

A - water of relatively low sIllinHy "od of relatively high and

variable temperature.
o

B - w'l.ter of salinity less than 33.0/00, usually in the vicinity
o 0

of 32.0 and 32.5 /00, and of temperature less thAn -LO C.

in the Spring.
o 0

C - wIlter of salinity 34.5 /00 and of temperature 5.0 C.

The "easonal variations of A-vlater are very wide, and have been

given Rttention in an earlier paper on the fea.tures of the surface

layer (LRuzier and others, 1951). B-water undergoes some variations

which a're well shown in figure 22, the T-S diagrams of station 80.

In t~e Spring B-water of the inter~edi"te layer hAS a salinity of

32.1 /00 Rnd q temperature of -1.3 C. In the Autumn, the same
o 0

water had apparently been modified to 32.4 /00 and -0.5 C., which

point is on the strqight line joining the original B-\VRter and C-water.

This would suggest that B-water is dissipated through vertical mixing,

diffusion, etc., and is not replenished at a comp'lrAtive rllte. C-water,

on the other hand, kept its identity from May to November.



Statton 80 h~s been cited AS being typicAL. It is Also one of

the st~t1ons for wh1.ch the most d~ta hAve been collected. The B-w'iter

at other st"tions, such as in the northeast sector of the Gulf or in

the southern pllrt of the Lllurenti"n Channel, would differ somewhat

from B-wllter "t stAtion 80, but the seRson'll v"ri~tions Ilt most of them

follow the SAme trend.

Figure 23 shows T-S relAtionships ... t typic~l stAtions in the

southwestern Gulf. The se~son'll vllri~tions of the charActeristics of

this water mASS seems to be lllrger thAn in the LAurentiAn ChAnnel.

Moreover, AS A whole, the chAr'lcteristics differ considerably from

those in the Lllurentilln Ch~nnel, the salinity in the minimum temper~-

o
ture lAyer ~eing 31.5 /00 in the southwestern Gulf 9S comullred to

32.0 - 32.5 /00 in the Chllnnel. BecuAse of the shAllowness of the llI'eA,

the minimum temperature lllyer disappSArs from most of the stations in

the M~gdlllen ShIlllows by the month of October.

Distribution of Salinity at the Upper 0.0 C. isotherm

The intermediate cold-water layer in the Gulf of St. LAwrence has
o

been defined as a minimum temperAture lAyer being bounded by the 0.0 C.

isotherms. It h'ls been shown th'lt its upper and lower boundaries vllry

in depth, both geographic"lly nd seRs~nAllY. An an~lysis of the dis­

tribution of slllinity at the upper 0.0 C. isotherm will f'implify the

T-S relationship, And may possibly elucid~te the formA tion of the

cold-wllter lllyer.

Figures 24, 25, and 26 shoVi the distribution of s"linlty Ilt the

level of the upper 0.0 C. isotherm for the Sprine, SWl'.mer lind ellrly

Autumn respectively. The main fellture of the distributions is the

loclltion of low l'IAlinity, less th~n 32.0 /00, in the west and



southwest sectors of the Gulf, and of the mAximum sAlinity in the

centre of the Gulf and in the northern sector. The boundary between
o

low and high sl>linity, tl>ken AS the 32.0/00 iBohaline, vAries some-

whAt from Spring to early Autumn, but it is generally located in the

LAurentilln Ch<mnel. It may be seen from the distribution of salinity

thAt, while the 0.0 C. wRter is decreAsing in amount from Spring to

eArly Autumn, the remaining body of wl!lter has higher average salinity

in the Autumn than in the Spring.
o

111e dhtribution of salinity at the level of the upper 0.0 C.

isotherm in the early Spring indicates the relative distribution of

surf"lce salinity AS remllining from the Winter. The very few late

Winter observlltions in the Gulf indiCAte thAt isotherm'll And isohllline

conditions exist down to Rt lellst 50 metres. It could be I'ssumed thllt,

by mid-winter, allover the Gulf, because of intense vertical mixing,

the isothermal And isohaline conditions exist down to a depth below

which temperature and sl'linity incre"se. At this time there is no

intermediate layer, since a uniform lRyer extends from the surfAce

down to the deep layer. It may be reAsoned also thet beclluse of vernal

warming and the melting of ice, vertical mixing will have decreAsed

consider"bly, by the month of MAy, due to increase in stRbHity. It

is generlllly sssumed also thllt incre'lse of temperAture precedes Il

decrease of sAlinity. As vernal warming proceeds, the intermedi!!. te

loy~r becomes delineated I'S a body of water of temperatures less than

o.OoC. The distribution of salinity at its upper boundAry, the upper

0.0 C. isotherm, therefore reflects at this time the re1l'tive dhtri-

bution of surfRce SAlinity in winter irrespective of the melting of

ice in the Spring. However, "the "verl'ge sl'linity at the upper 0.0 C.

surf!'lce in!!. given arell, as well !'IS the AverAge depth of the upper



o
0.0 C. isotherm would vary from yee.r to year depending on the ice

Origin of the Cold-W",ter L'lJer

If the cold water l'l.yer had its origin outside the Gulf of st.

Lawrence, its S'!linity~ by Spring should be ~lmost ~niform, And at

le'l.st higher thAn 32.0 /00 And tending to~ards 33.0 /00. From the

distribution of salinity at the upper 0.0 C. isotherm in Spring, one

may see that between one-third to one-half of the Gulf is covered with
o 0

w!lter of salinity less thAn 32.0 /00 .. nd as low "'s 31.0 /00. It may

be concluded therefore thAt At least one-third of the cold-water h.yer

found· in the Gulf of St. LAwrence in the Spring w"'s formed "in, situ".

The other two-thirds, at the most, seem to h!lve I'In outside origin. If.

tpere WIlS communic'ltion between the cold-w'lter lllyers inside the Gulf

and outside, it would be expected that the layer would be replenished.

The date. have shown that the lAyer in the Gulf hAd decre'lsed in volume,

with progress of the seasons, and th"t its temperature and salinity

had increased. In other words, the cold intermediate water had been

expended either by mixing, diffusion !lnd/or movement, fAster than

replenished from MAy to November. It therefore follows the. t if w'lter

from an outside source contributes to the cold-wllter layer of the

Gulf of St. LAwrence that this water enters the Gulf through Cabot

and Belle Isle Str'l. its, prob Ably during the wint er months As a lIur-

fAce h.yer, Ilnd is modified by horizontql mixing to yield Il salinity

lower thlln its origini'll source, nemely the LAbrAdor Current.



Origin of the W~rm Deep Lllyer

Comparison of T-S curves of the deep Wli tel's of the Gulf of St.

L'lwrence with those of the deep waters off the southeAst corner of

the Scotian Shelf (McLellan and others, 1952) shows thllt the same type

of water i3 being observed in both places (34.0 - 34.5 /00). These

w",ter3 'Ire formed apparently by the mixing of the cold-wllter layer out-
o 0

side the Gulf' of St. LAwrence (-1.3 C., 32.95 /00) with the water system

found in the very deep CentrAl Atlantic Vl'lters which upwells e.gAinst the

continentAl slopes. However, the deep waters in the Gulf of St.

L'Iwrence, formed in the continu'ltion of the LAurentian ChAnnel to the

south, and penetrating through Cabot Strait, are 30mewh"lt colder than
. 0

the waters outside for a given s'llinity. For in3bnce, water of 34.0 /00
o 0

has an Average temperature of 5.0 C. off the Scotian Shelf, And 4.0 C.

in the L'lurent i",n Cb"nnel wi thin the Gulf of St. L'Iwrence. This indi-

cates thllt, in the process of mixing, the cold-water hyer hilS a

gre'lter influence on the mixture that penetrates into the Gulf thlln

on the water of the continental slopes.

The deep warm l'lyer in the Gulf of St. LAwrence, wi th an increa3­

ing volume from Spring to Autumn, does not show any appreciable v'lrill.-

tion of it3 properties with the progress of the 3epson3, its

temperature-3'llinity rel'ltionship remAining fairly constAnt.

1 - The distribution of temperature And 3Al~nity in sections of the

deep channels of the Gulf of St. LAwrence have been described for

different seAsons. Spring, Summer, early Autumn and late Autumn.



2 - The intermediate cold-w~ter lllyer in the Gulf of st. Lpw~ence h!l:!!

been defined A:!! a body of water of temperature less ~hAn 0.0 C. The

deep wqrmer V'yer h"s temper"ture greAter th"n 0.0 C. lind AS high
o

"s 5.6C.

3 - The volume of the intermedi ... te cold-w"ter lqyer undergoe:!! sel'l:!!onlll

VAl" Iltions from a mpximum in the Spring to II minimum in the Autumn.

The layer decrell:!!es in thicknes:!! and extent. It:!! volume decrea:!!e:!! to
o

at lell:!!t 30 /0 of it:!! originAl spring vlllue, disllppe<lring entirely in

the Cabot Strait IIrea.

4 - The thickness of the intermedh te lA.yer is greAtest in the Esquiman

ChAnnel.

5 - There is I'l s~!lsonlll influx of the wllrm deep hyer (temperature

grel'lter thlln 4.0 C.) with a ml'lximum in the Autumn. The averAge increllse

from Spring to Autumn VIaS o1)served I\S being "pproximAtely 20 /0.

6 - The WArm deep lAyer isosOmeWhl'lt like 1\ wedge on the bottom of the

L"urenti"n ChAnnel. The 4 C. sotherm deepens IlS the d1stl\nce from

Cabot Strait inCrMges.
o 0

7 - The verticl!.l grAdient of temperature between 1 lind 4 , decre'lses

from the Ca1)ot Str"i t Are", to the estullry of the St. L"wrence showing

more vertic'll mixing ~n the ~'ltter.

8 - In gener ... ~, the 1 lInd 4 C. isotherml! 'Ire "I!soci"ted with the

33.0 lind 34.0 /00 isohlllines.

9 - T-S rel"tionshlps show th"t the waters of the Gulf of St. L"wrence,

whcre nepths Are gre'lter th"n 100 f"thoms, /Ire the results of the mix-

ing in different proportions, of three type:!! of wa tel".

10 - From Spring to Autumn the intermediate cold-w'lter lAyer WArms,

with a ,slight incren:!!e of s"linity, while the warm deep l'lyer retllin:!!

its chl'lrllcteristics.



11 - The distribution of Mlinity within the intermediate cold-wllter

l ..yer, !IS well as its geographic .. l and se!lson.. l vAri'ltions, lelld to

the conclusion thAt lit le'lst one-third of the intermediate lAyer is

formed !!2 situ and thllt the remainder might have its origin outside

of the Gulf.

12 - The intermedillte l .. yer is not replenished to any grel't extent if

at ..11, during the summer .. nd ",utumn months.

13 - The w",rm deep l ..yer is formed outside the Gulf of St. L'lwrence,

in like m",nner to the deep l'lyer on the Scoti",n Shelf and 'llong the

continentlll slopes, but in the Gulf, for a given salinity, the tempera-

ture is somewhe.t lower.
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Figure 3. Vertical distribution of temperature and salinity
in section II for the Spring 1948.



Figure 4. Vertical distribution of temperature am
salinity in section III for the Spring 1948.
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Figure 5. Vertical distribution of teJlllerature and salinity
in section IV for the Spring 1948.



Figure 6. Vertical distribution of temperature and
salinity in section V for the Spring 1948.
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Figure 8. Vertical distribution of temperature and salinity
in section I for the Summer 1947.



Figure 9. Vertical distrib1tion of temperature am
salinity in section II for the Summer 1947.
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Figure 10. Vertical distribution of temperature am
salinity in section III for the SUllIIMr 1947.
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Figure li. Vertical distribution of temperature and
salinity in section lV for the Summer 1947.
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Figure 12. ::~~al distribution
ty in section I ~~r~~~~:;~eAand~ utumn 1948.



~ 100

Figure 13. Vertical distribution of temperature and
salinity in section II for the earl;r Autumn 1948.



Figure 14. Vertical distribution of temperature and
salinity' in section IlIA for ear];y Autumn 1948.



Figure.15. Vertical distribution of tempera ture and
salinity in section IV for early Autumn 1948.



Figure 16. Vertical distribution of temperature and
salinity in section V for the ear:l3 Autumn 1948.
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Figure 18. Vertical distribution of temperature am
salinity in section n for the late Autumn 1947.



Figure 19. Vertical distribution of temperature and
salinity in section ilIA for the late Autumn 1947.



~igure 20. Temperature-Salinity relationships for representative
deep stationa of the Gulf of Saint Lawrence for the
Spring 1948 (surface data included) •
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FiGllI'e 21. Temperature-'>",linity relationships for representative
deep stations of the Gulf of Saint lawrence for the
early Autumn 1948 (surface data ElIlc1uded) •
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Figure 22. Ternper3ture-Salinity relationships for the waters
of Station 80 (Section III) for the different
seasons (surfacedata~acluded).
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Figure 23. Temperature-5alinity relationships for representative
shallow stations of the south.restern sector of the
Gulf of saint Lawrence (surface data 4.Jtcluded) •
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