
FISHERIES RESEARCH BOARD
OF CANADA







D.G.MacGregor

The Strait of Canso separates Cape Breton Island from the main-

land of NovaScotla. It ls a narrow body of water some l41mlles

(27km.) long and O.4Smlles (o.8km.l w1deat its narrowest between

BalachePointandCapePorcuplne. The land lshlgh on the sldes of

tbe Strait and the shores bold. In the deepest part, off Cape

Porcuplne, the depth of the channel reaches 30fatboms (55 metres),

and only 1n a few places 1s 1tlessthanlSfathoms (27.Smetresl.

The currents are strongest off Point Tupper and Cape Porcupine

where the veloc1ty may be ash1ghasS knots at spr1ngtides (T1de

The tides at tbeends of theStraltare of two dlstlnct types.

OntheAtlantlcslde,thetldelssynodlcwltharangeofS .. Oft.

(1.8metresl1nChedabuctoBayatt1mesofspr1ngt1de. On the

observed attlmes of maxImum declInatIon. The tIdal range here

Is less than on the AtlantIc endbelng4.5ft. (1.4 metres) at Cape

Je.ckinGeorgesBay. Tbe tImes of hIgh and low water at the ends

of the Stralt are not slmu1taneouso Hlghwaterlslateratthe

northern end than at the southern end by an amount mich varies



As the flow through the St~a1t depends upon the difference of

level of the two ends, the tIdal streams are complIcated. "hen

the moon Is on the equator, a seml-diurnaireversingflow Is

observed wIth only mInor dIfferences between the magnItude ordura­

tionof successive flows In opposite dIrections, or between suecessive

flowB Inthe same directIon. However, at tImes of maxImum declIna-

tlon,thetwocyclesoftldalflowlnonedaymaydlffergreatlyln

magnitudeandduratlon. In the extreme case, one period of flow

maybe completely suppressed and appear only as a long stand Intbe

tIdal stream. The tIde tables report a net flow to the soutbward

correspondIng to an outflow t"rom the Gult" of St. Lawrence. Even

wItb the moon on the equator, there Isa slIght preponderance of

southward flow. The non-periodIc contrIbutIons of the meteorologIcal

factors of wInd and barometrIc gradients also complIcate theflow_

ObservatIons of the tIdal flow In the Strait of Canso have been

carrIed out from tIme to tIme by the Canadian HydrographIc Servlce

and are referred to In Tide Tables for the Atlantic CO&8t .. Pl"'e-

The early observations were made under tbedirection of Dr. W. Bell

Dawson In 1915-16. A serIes of observations on the tIdal currents

In the central sectIon of the StraIt were made by the master and

r~:'st officer of the Car ferry "Scotia". In the tide tables of

1929, reference Is found to harmonIc analysIs of four summer

seasontsdayand nIght observatlona of the tIme of turn of tbe

current. 'l'hese observationshavet'ormed tbebasisfor the pre-

dIction of the timee ofslackwateraspubllBhed In the TIde Table So



Constructlonhasrecentlybegunona causeway whIch wIll lInk

Cape Breton Island to themalnland, andwhlchwillclos8off th8

The present study of temperatures and salInItIes In the StraIt,

undervarlollscondltlons,lsacontrlbutlontotheknowledgeoftbis

hydrographicfeaturewhlcblsabouttodlsappear.

During the per lod from May ~ 1952 to November, 1952, tb lrteen

passages through the StraIt were made by the oceanographIc vesse1,

C.N.A.V."Sackvl11e",taklngobservatlonsatsevenstatlonsof

whIch the locatIons and depths are gIven In Table I.

::~~:::~N. ::~:~:::.
(StatlonII
(
(StatlonIII
(
(StatlonIV
(
(StatlonV
(
(StationVI

Thes8 statlonswerespaoedevenlyat Intervals of 5.0 mIles

(9.3lan.) along the axIs of tbe StraIt, and tbelrlocatlons are

shown in fIgure 1. Bathythermograph observatlons were made at



all statIons, and water samples were obtaIned usually at all odd

numbered statIons from depths of 0, 5, 10, 20, and 30 metres.

Statlons (I) and (VII) at the south and north ends of the Stralt

passage were arranged to gIve observatIons durlng a varIety of tIdal

conditions. Passages through the StraIt were made In pairs within

a short Interval, 8'xcept in the Instance of passage V for which there

Is no related return passage. The time of slack water and the

dIrectIon of the tIdal current referred to frequently In the foIlow­

lngdescrlptlonshavebeenobtalnedfromtheTlde Tab1es(1952).

Temperature and SalInIty

The vertIcal dIstrIbutIon of temperature and salInity, as

observed durIng the varIous passages, are shown In fIgures 2 to 19

(a)~

Passage 1,23:40G.M.T. May 11 to 02:50G.M.T. May 12, 1952

(flgure2).

and was three daya past full. The tIde tables predIcted a marked

dIurnal InequalIty In tIdal flow, wIth southward flow most of the

day, and one-half cycle of northward flow degeneratIng Into a

condItIon of slack water. The passage was made durIng a perIod

of northerly flow. StatIon 4 was occupied three hours after the

o 0

Temperatures ranged from 2.8 C. at the surface to OC. at 30



of th8oStralt, thewaterwaswellmlxed, varyIng In temperature by

only 1 r.. from top to bottom.

'1'ne :ia.llnlt~ varied In the northern end from 27.57 /00 at the

surr'lce ~o028.28 /00 at 20 metres dePt~, and, In the southern end,

from 29.36!OO atthe.urface to 30.62 !oo at 45 metre. depth. The

downwardslopeofthelsohallnesfromsoutbtonorthpolntedtothe

penetration of the denser Atlantlcwater far Into the Straltnearthe

bottom and the southwarddlsplacement of tbe lIghter Gulf waters in

Pa••agen.10:45to14:37G.M.T •• May12,1952 (f1gure3).

PrIor to passage II, the current turned to the southward and

hadbeenflowlng In thatdlrectlonfor 88venhours, when the centra1

statlonswasoccupled(12:45G.M.T.). 'I'heresultofthesoutherly

flo1t' Can be seenlntheconflguratlonofthe isotbermsandisohalines

i~ figure 3. Water of ~ow salinity, with temperature ranging from

4 C. at the surface to 0 c. at 30 metres, had entered the n~rther~

end of the Strait. A surface temperature in exces~ of 4.0 C. was

observedatstatlon6,andsalinitylowerthan27.0/oowasfound

at the surface at station 5. At tbemore southerlystatlons (2,

3, and 4) the water was found tobe quiteunlform In temperature.

Thehlflhersallnltyobserved Inthe soutbernend of tbeStraltln

passagelbadretreatedapprox!matelytwoml1essoutbward.

(b) Kav19 1952

Pas.agenI,12:05to16:05G.M.T.,May19.1952 (f'1gure4).



At thIs tIme, themoonw8s three days after the last quarter,

and one day past Its equatorIal posItIon so that lIttle dIurnal

InequalIty In tIdal floww8s expected. Thetldetablespredloted

a slight excess of southward flow Ineacb cycle. Thepassagew8s

made during a period of 8outh...~rd flowe Temperature~ varied In the

north end (statIon 6) from6.0C. at the surface to lC. at the

bottom, whIleoat station I In the 80Ut~ end, a smaller temperature

range,from4C. at the surrace to O.S C. a: 40 metres, was observed.

In th~ north the salinity ranged from 27.79/00 at ~he surface t~

28.35/00 at 15metrea, and lnthe.outhfrom29.43/00 to 31.85/00 •

In the central 8ect~on (station 4), the watero.as extremely uniform

lntemperature(3.1C.)andlnaal1nlty(28.5/oo). Thelaohal1nea

slopeddownwardfromthesouthtotbenorth,showingtheintrusion

of the light Gulf water to the soutb Intheupperlayers and the

trend ofheavler Atlantlc water Inthereverse dlrectionbelow.

PaaeageIV, 19,35 to 23:00G.M.T., May 19, 1952 (flgure5'.

Thlspassagewasmadedurlngtheperlodofnortherlyflow

followlngpassageIII. Tberewasvlrtuallynovarlatlonlnthe

conflguratlonof isotherms and isohallnesbetweenpassage IlIand

(c) July 28 1952

PaaaageV, 20,30 to 23'40 G.M.T., JUly 28, 1952 (flgure61.

A elnglepassageonlyw8smade on thIs occasIon. Bathy-

It was twodaYBbefore theflrstquarter of tbe moon and two days

after itscroBsingof tbeequator. Statlon 4 was reached an hour

and a half after the current turned soutbward. Atstatlonltbe



o 0
temperaturerange wasfrom14.5C.atthesurfaceto2.0C.at40

metres W~11e ~t the north end (station VII), th~ surface temperature

was19.3C.andtbetemperatureatthebottom7C. Isotbermsand

lsohallnes generally sloped downward from south to north. Atthls

time the least temperature 8t~atlflcatlo~was observed at station 5

wheretherangew8sfrom17.0C.to14.5C. Thls contrasted to the

statlon4. Temperaturestratificationbadlncreasedgreatlythrough-

out the Stralt slncethe tlme of passage IV, showlng tl1.e effect of

summer warming of the 0 surface layer. The sallnl~Y at the northern

endvarled from 28.03/00 at the surface to 29.16/00 at 30 metres,

in contrast wlth ~he more saline southern (At~antlc) end whIch

varle~ from 29.09 /00 at the surface to 30.57 /00 at 30 metres, and

31.49/00 at 50 metres.

(d) August 22 1952

PassageVI,ll:56to15:08G.M.T.,August22,1952 (figure 7).

StatIon 4 was occupledat13:40G.M.T., less than two hours

after a northerly floW' had set In. ThIs hedbeen preceededby an

elgbt ..hourflowlnasoutherlydlrectlon. The moon was tW'o days

old and was on the equator. 0 Temperatures at the nor~hern end

(statIon 7) rangedfrom20.3C. at the surface to4.8C.at25metres.

The temperature gradient was very marked near the 25-met~e level.

At the souther~ end, the temperature range was from 16.5 C. at the

surface to5.0C. at 40 metres wIth a les8 pronounced thermoclIne.

At the centre (stat~on 4), the temperRture ranged from 16.0 C. at

tbesurfacetolO.OC.atadepthof30metres. The Isotherms agaIn

sloped downward from the south. At statIon 3 an upward dIsplacement



~811nltle8 In the northern ~ppro8Ches (station 7) ranged from

27.56/00 at the eurface to 30.0/00 at 30metree dep~. In tbe

southern end th:watersvarled Insallnltytrom2g e 33/oo at the

eurfacat030.9/00at35metreedeptb.

PaeeageVII,17:00t020:30G.II.T.,Auguet22.1952 (fIgure B).

PaeoageVII waemadewItbtheeblpoccupylngetatlon4at1B:45

G.M.T.,tbreehoursafterthecurrenthadturnedto8soutberly

direction. The temperatures and sallnlt18sst the two approaches

are seen to be alm~8t identical with those reCO~ded on passage VI.

Tbe1eotbermof16C.andthe1eoballneof29.0/00whlchcuttbe

surface at statIon 4 In passage VI are observed tobedlsplaced

towardtbenorthendofthe Straltlnp8ssageVII,lndlcatlveofa

netnorthwarddlsplacementofthewater!!llntheStraltbetween

(e) September 1 1952

PaoeageVIII, 13:25 to 16:50 G.M.T., September 1. 1952

(flgure9).

ThIs pas!sge was made whIle the current was flowIng south­

ward,statlon4belngoccupledat15:50G.M.T.,threehoursafter

slackwate:z:. Thiewas two days before the full ot the moon and

threedaye after the moon's maximum south declination. S~face

temperature atothe northern approaches (station7)w8slS.SC. ,

while the 16.0 C. isotherm was found slightly belo~ 20 metres.

Below this, the temp~rature dropped rapidly to 4.0 C. at 30 metres

lnagradlentof 1.2 C. per metre. Temperaturesatthesoutbern

endwerehigherthanatthenorthernend,areversalofthereglme



of earller passages. At statlon I temperatures rangedfromlS.7C.

at the surface toB.OC. ata depth of 58 metres. The warmest

~e sallnltyat statlon71oothenorthernendranRedfrom

28.06 100 at the surface to 29.75 100 ~t 30 metres odepth, while the

southernftnd 8howed a range from 28.64/00 to 30.6/00.

Passage IX. 19:30t022:00G.M.T •• Septeni>er1. 1952 (figure10l.

A nortberly current had been flowlng for two hours st the tlme

.tation4wsoccup1ed(20:55G.M.T.l.andthere.u1tofnorther1y

flow could be seen In the dlsplacement of the warm. surface water

prevlouslyobservedatl!!itatlon6,lnthedlsplacementofthereg10n

of least vertical stratlflc~tlon towards station 6, and 1n the 0

northward shlft of the 28.5/00 lsohallne. Watersl!coldas6.0C.

had moved into the deep area at station01 and the m~xlmum salinity

at this station had increased from 30.6 /00 to 31.2 /00. Ob~erva­

tion.!were not made to.!ufflcientdepth at station7to.!how if the

pronouncedthermoc1ineob.!ervedduringpa.!.!ageVlllhadperslsted.

(f) October 24 1952

PassageX.14:21to17:50G.M.T.,October24,1952 (f1gurell).

Theseobservatlonsweretakenwhenthemoonhadjustpassed

through its maxImum south declInatIon and was withIn two days of

the fIrst quarter. Diurna11nequa1ItyInt1da1flowwassuchthat

the northwardf1ow wbich bad been going on for four hours before

passageXhadbeenpreceededbyslxteenhoursofsouther1yf1ow.

At thIs tlmeautumna1 coolIng had progressed to a poInt where

temperatures throughout the Strait were almost u~lform from top to

bottom. The tota1range observed was from 11.7 C. at the northern



Salinity gradients) too, were s~lgbt except in the souther~ approaches

where the range was from29.4/00 at the surface to 31.0/00 at

PassageXI,20.:02t023:13G.II.T.,October24,1952 (f1gure12).

This passage followed passage X during the subsequent southward

flow, and sbowedessentiallysimilarwaterconditionswithaslIgb.t

southwarddisplacementoflsothermsandisohalines. Observations

at station 1 sbowed a moderate tempera~ure gradient below forty

metres, with temperature aslowas8.5C. at 55 metres.

(g) November 12 1952

PassageXII,14:45to18:20G.M.T.,November12,1952

(f1gure13).

This section was made durIng a period of southward flow when

the moon was on the equator and three days past the last quarter.

The water throughout the Strait was extremely unlf~rm in

fromtoptobottom,withaslightpos1t1vegrad1ent. The

isothermcutthesurfaceatthenorthernend,andfollowedthe

length of the Strait at a depth of 6 to 16 metre~ with a wave-like

profile. The highest temperature noted was 9.0 C. (at the 25-m~tre

level at station 1 in the southern approaches), and tbe lowest 8.3 C.

~e salinity ~t station 7 was extremely uniform, varying from

28.17 /00 to 28.24 /~o. In the south ond (stat~on 1) the salin1t,.

increased from 29.22 /00 at the surface to 31.00 /00 ~t a depth of

50 me~res. A marked bump in the isoha1ines of 29.00/00 and

29.50/00 appeared 1nthereg10nof stations 3 and 4, but the



Pa88ageXIII.19:05to22:35G.II.T •• November12.1952

(f1gure14l.

ThIs passsgafollowed sbortly on passage XII after the current

bad t.ul1ned to ~he north. Except for the occurrence of colder water

(as low8s 7.7C.) at statIon 2, the patteI'D of temperature and

salInIty dIstrIbutIon W8S sImIlar to that of passage XII.

~

ThepatternofvarlatlonslndensltythrougbouttheStraltwas

faIrly conslstentrromone passage to another and iswellrepresented

bythemeandensltlesforalltblrteenpassages. These mean values

of(J'tareg1ven1nTableII. 'l'hemeanot for each of three depths

themeanczt.foreachstatlon(column5). Incolumn61sg1venthe

mean densIty dIfference between the surfac8 and the 30.metre Ievel

foreachofthesevenstatlons,lnunltsof~o

Mean densItIes (trt)ofwaterslntheStraltofCansodurlng

thIrteen passages bet"een M'ay and November, 1952.

2 3 4 5

su~ace lSa;;tres 30C;;;tres JA:a1:n d t 30 _a"t 0



:3

15 :::tres crt
30metr8s

5
<1"t

Mean crt:30 _cr~ 0

The followIng features are to be noted as applyIng to these

(1) the densIty at the surface and at a depth of 1J.5metresdecress8s

from statIon 1 Inthesoutbernapproach8sto statlon71nthe

waters of the northern approaches at thIs depth.

(2)thedenoityincreaseswithdepthatallstations. This

feature Is less marked wIthin the StraIt proper, where, at

statIon 5, themeanlJt st 30 metres Ie 0.7 unIts greater

thanatth8surface,lncomparlsonwlthdlfrerencesofl.S

andl.7atthesouthernandnorthernapproaches,respectlvely.

The greater densIty stratlflcatlonw8s observed In the summer

months (passage V to IX) and the lesst Intheautwnn (passageXto

XIII). No passages were made In the wInter sessonwhenthe StraIt

the densltywQs practlcallyconstant at all levels, whl1e at the



coolingwhicbare tobe expected at an earlIer date In the shallow

water of Georges Bay than In the AtlantIc approaches.

condItIons are those prevailing in the southern Gulf of St. Lawrence

and in the northeasternsectoroftheScotlanShelf,respectivelYe

Tidal oscillation in the narrow StraIt functIons as a mixing mechanlsm

which maintains a body of well mixed wat~r slightly to the north of

the centre of the Strait (stations4andS). Although passages were

not timed so as to show the maxImum effect of tidal oscIllatIon, th e

results demonstrate that the whole body of water moves back andforth

In the StraIt wIthout a sIgnIfIcant breakdown of temperature and

From the mean confIguratIon of densIty (Table II and fIgure 14),

It can be seen that there Is adynamIc tendency for the llgbter

waters of the north to flow south over the heavIer waters at that

ThIs southward flowIng water Is modIfIed somewhat by the

mIxlngwblcbtakesplacelntbeStralt, so that the outflowlng sur-

the northern approaches (statIon 7). The consIstent slope of

lsotherm!snd lsohallnesdownwardfrom!outhtonorth In the



southern end of the StraIt poInts to a flow of deeper waters towards

Wb,llesuchatwo-wayf1owmlghtnotlnvo1veanet

flowlneltberdlrectlon,ltprobablyaccountspartla1lyfortbe

domInant soutbward set of surface currents 8S reported IntbeTlde

~

1. Thlrteenpassages through tbe Stralt of Canso IntheperlodMay-

November, 1952, provIded temperature and sallnltyvaluesat

sevenstatlonslnthelengtboftbeStraltandlt8approacbe8.

2. PaIred pa88ages atdlfferent stage80f the tIdal cycle 8bow

evldenceof tldal dlsplacement of thecompletebodyofwaterln

3. Vlgorousmlxlngandconsequentlncreasedhomogeneltyls

cbaracterIstlcofthecentralportlonoftheStraltlnall

4. Arecurrlngfeatureof the sectlons ls thedownwardsloplngof

tbelsothermsandthelsohallnesfromeouthtonorthlnthe

central and southern regIons of the StraIt. From thIs, resIdual

dlsplacementoffrom3tolOmllespertldalcycle.

5. SeasonalvarlatlonslncondltionslntheStraitexist,wlth

marked temperature stratiflcatlonaccompanylngtbevernal

warming. In later autumn, thll!1 stratlflcatlonalmostcompletely

6. Densitydecrea8esprogresslvelyfromstatlonltostatlon7at

tbesurfaceandat15metres. At30metresdepth,ltdecreases



fromstatlonltostat1on5,andthenlncressessllghtlyat

statlon6 and 7, whlchare In the northernapproach8s to the

Department of Mlnes and Technlcal Surveys, 132pp. Ottawa, 1952 •
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D1etributionottemperatureoC (A)andeaUnityo/oo
(B) In the Strait ofCan.so. lIaylltb(20140G.U.T.)
tollay12th(02'50G,Il,T,),1952.



Distribution oCtemperature °c (A)andsal1n1tyo/oo
(B)1ntheStraitoCCanllo. 1lay12th(10,40to14,37
0.II.T.),1952.
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22100a.lI.T.),1952.
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F1gurell. Distrlbut1onottemporstureoC (A) sndssUnityo/oo
(B)1ntheStrs1totCanso. Octohor24th(1l1l20to
17,SOG.1I.T.),19'2.
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P'1gure12. Distribution of temperature °c (A) and eal1nity °/00
(B)1ntheStra1tofCanBo. October 24th (20'00 to
2J,15G.II.T.),1952.



F1gurelJ. Diatribut1onoftelllp8ratureoC(A)andaal1Il1ty°/oo
(B)1ntheStraitofcan.o. N.,.ambar12th(1l1l45to
18125G.II.T.),1952.
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l'1gureJ.4. Dhtribut1onofte_ratureoC (A) aodsal1n1ty°/oo
(B) 1ntlte Stratt of Canoo. Novellber12th(19.05to
22.45G.II.T.),1952.
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STATION 7

Figure IS. :anth~::~a1~t~~n~8~:fUI~~ (~e~:~l::~~:~.~ur1ng
thirt8enpaasages beween Ma,.llth and Ho.ember 12th,
1952.
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