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Tempera t ur e . sa lini t y and densi t y dat a are pre sen t ed sbowi ng s

&ellB ori~ ~\,Yc:le }n t~e d~ ep...~a.ter i~ 'Y~~ tun" Ba~ , ~e~~:m~dl ~d • .' .~~\l d -

Labrador Current Water fl ows in from saint-pi erre Channel ', an exe ee s icn-. ' .' . ," . .; .
of 'the A.val ot. q.~,:m.. l , i n th e summer • . \lar. M?d-ified ' Sl ope . Water flows

i n frOl\l He1"lllitage Chann,!!l in;-e win.ter :

" de scription of · the .wa t e r !tr u'c t lir e til th l!Fortun e Bay :He,a fo r

• i981 ,and ~ 9 B 2. b pres~nted. The 't r anspor t of ~b!! Labrado~ ~,jr~ent ' in
." -..:......_- ~..--.: -.:.: , ," .. ; . ' . .. .:.. . ' _ ' .. " . " 4 ' 3: ' -'1. ,

tb .e Saint-Pie,r ~ e _~a~~el · 1S 'de tenll..ne,d to ~e, 6. ~ "i .IO ,m, s • " e o.l d

~~ ~e~' ~,change~n ·t.h·e.~ummei: ,"iSfo~n~ ' t ; 'b,e ' c or r,e l~ ted ~ i. t h ~ l&e~ ~(>n,<l.1

.....«00 in the L'b"do' eunoo< fl ow. Dim' ' w"'", m, ' " "" W«- i
' men t s of, t 'his :.den.s itY ,}::uri:e n!\ 'i~ fl ~~ ;are pr,ov id~d 'w i~~ 'an _an~ IYt i ca ; "---'-~ "".1

."i " ~ "i<m ~f'h' ,iO;"", 'i;/ b~ '~;:: '~. ; 10W' ;d 'h; 'id:.. . ' " ~ f:<
- . \la r.m wa ter excha nge in . t he win t e r is .found ,t o be ~correla ted wi th

.'

-. , '-"

i nflow ",r e pu t . f? ,:",ar d:

sta tl! up wel ling lOOde l .
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. Many 'Peopl e 'co dtfibuted t q this work and it is a pleu l,Ire t o

· a~kn~Wled'g~ ' t heil: c·onr ributi"on '. I ,~u~·~· 'liie,to' tba.nk ~y :u 'pervi so r Dr . '

· A.E ~ ·RaY ' for hi s e ffp it . II~; gLlid~~c~' , t h rOUg~OUr thi'~_ p rbj.~ct . i Dal~ey
of : t he -Northwes t Atla'.\t i c Fisheries Center gen'erOl,lsi y pr~_\tided RT and em'

..;t;,:::,:;'::'::: ,::,:;~:i::~C:::::'C;:'::::::Z:::~~K ' .CCK
• HAIl. INQS; : an~ CGS . P~NOORA 11 . '" II ~atJe nualbe r, of 111110l'l e we n ' invo l yfld in t he _,

~::::::~i:~ ::,::: :::-::·:':::::~':':~'::::i:~~ '::~;}:'~.~. o~~::"..us
and 'A ; ~1I1&h . D;\'Ali: een , J: ~dge.nd ~. FO~ey w~ote most of t he s of t ware .

.j :::~,::~~,.:::::,:; :- s~~:::';:,::::~:::~~ :::::::';::,:::;::.::;".' .
. •"';.... disc~Slions. , )I ~ 'Aril!d . R. Guj!.8t · .. '!d 0;' Ciutlpbllll as~ i8,ted i n ' th " 'd r a f t i ng o f '

>~',- .t~~ _ :, ~'gU're,s. : . C~ ~f.iel~ 'a.1\~·. An~e i 'w~r(o~ :g r~~t . • ~ ~ ls~.nc~ i.~ ty~ing ' ~hi.~ wo~k .
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Chapter I;lntr~duc tion

, ..1 , 2 o..ep -Wat er , Exchange in . Fjords .1, ' ":

. . EJ<.C:hang t of deep ·\Iat4,rin :fj~,~d·iI'Ca':l. .cecur- oV,ei ' a variety of tilDe :,

s~.~1eS U~ ~y 'be ~egu'la r or intet'i~ten.t '. , ~~C:h'ant(, (l.~;un _when wat e:r of

· the fjo~d. ' The ' t ll'n ew~l lIlay b"e ,plI.rti;l ·~.r c~(>let~: d~pendiJlg 'upon the

..:::: ':~::'~.:/::~'::'::~ .':;:~:::'~:: .:::~::::~:"~J:::'·;:~:; ~'.bY
.Gade a~~ ~ ~"'ll ~ d s_ '( 19"80 ). -:r.. ltIo'U,'u p ~o;':d~te 'lln~' t~p'L;~_e ,~ e~ i~~ ' 9 f

g~ne rlll ·dynanlic. oi fjo'Cd .ocellnography c an" be 'f ound' i~ Fa~mtr
· , . 6 " .' ,'.; " .,.. ,.

, . . .
Thi s thes is i a ~ ' s t udy of deep " s r e r exc hange in -r1>rtune Bay, II

. thn' ~ ~ i ll fj~rd . iOCfted .on y u!.,i .out h coast' of N~wfoundland {Figu~e. 'l':i

·:::":;~. ,.*::d:~::.::: :::i:,~::::r';;;~n::"':'::: ::::::::::::,..a.
Bay is p,,~ticu'l~rly intere~atinlibecati'se ~('itll : un~:ual ge~etrf. : Very

• ••. • ' . . , • • • _ . 0 , . ' _ •

. ""'_ f ew, ~f the 'fjor ds wh ~c~ haye "bl'en atu~ied. hne ha~ mo're :th.~ pn~ I .i l l ,

pe r",if,t1.ng ac::ClIo8& . to the fjo;d . It is tl~t unconnon to have sills land­

wal"'d ,of the . ma~n ~~th of _ ~ h e .f j ord th~.r~bY. b.re,~ki"g t he" fj o rd upfn'to'

~art-ialIY _.~epara ted b;,l;in~ b.u t ', i n " .F~rt im: · _~fY,~ 'tl1e ..si~af/o~ i s ' ~c~

dif fe r en t. Two'of the 8l11~ otI th~-northweste'm sid~ of th~ bay g rve

. ' 0<'" ,. "" ' '' .g.Ch:,::" ''': Fl , ';; , , :,) .,,,,::;-, <h"d "11 ee the

aou~1i~eit giv~"' ,~~ e'~s& ,t o ' t~e: ' ,s. ~n t-P'i l! ~r e Cf\ann.e~ . _Thi ll. unu&~.al
geOllletry ;8od ' the. d i.f f e r en r wat~r ~ s_ses .c a r r i ed i n t o thO!; regi:lXIvia •

t.hes~· :chll.nn.e.l ~y.Htells a llow' the sl; udy. of a nuftl~~ of' inte·re~t.i~g, phy~iea, · :

-'~r-' prob.leflls. , . _.
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· Freeland (1 983) .. .

. Fore in8 lDay . eOIOO £rom "' i th i~n the f j ord it se l f ·o.r~rm:on lY · in

· th e co..~a.twate r& beyond chi! ' ,i,U . : Hei.le.. 09.78) t , t or eXl1llpl~ • .stl,l~d ied

c.bange s in the vee e r st ructure cuu s Lde aYf j q,r,d . Nd'r,!"ay a s a r csul t of,

' . va riati olls i n .ene ~oillta l win d fi~l~:. , Re;la~ellleil ~ ' of : de e p ~i1ter W~'f ,;

obs erved t o i:o,ke plac e ~u~~~. ~he su~er _'~.S 8 .re~q~ t ,'O f .~ l ~_ng·;t.::~.•

. no~therly loI ~nd • . The exch ange ' r oc esltl was. in t e rmitte?t ' b ut well: co- ' .

rele~t erwith 2 ,to :da.,:~ar_iat.i~id.~ t~~-l~.ngSh"n:"~ ir.td._ ~~1"e$ ~ " " 'R~~gi.!; .

and Sunell (19 81) de s r:riJle excha nge i n an Ala6l<.an fjord , in _" bleh r en ev -'..'

~ 1. is. reiaUd ·~o $~~'sonaLv~r~a~ion!'i~ . , de ll s i~ )' ' ~f. '~~e . ~pn i:.-ine~~al

. Chelf' s?~rc ~ , .~lIter_ . ~ep ·~~tc~ ~r~~~a 1" .w~·6 ubse~ed .t 'o OC~,~:?<t~e ' 6u~- '.

·~'.:.~:::::::. ~:::::'::O:~;':l:::'::.::::~~j;:~:::::r::' i~~~ .
Fowl' Suu,nd; 8e11 (1973) obse r ved, re newa l t o bc cur "a t t i llll!$ oLllla xi mum

f;.~;b~i~er ~U~Off , and "~~: b"i au~nte'd b~' a dO'om- f j ; rd w~n~ " ~d~'ard~ 'an il '
. , " ' , ' ' , ', ' , ' ,: ". ' , ' '.,

I dets t'en: ,( 1977) ' lih aw .t ha t : ren~w; l 'I n .LcH:h'I t·i ve i s cau l!cd by iflw

fr~ahwater runoff . ,' The in flow i s d~ s~ribed 'i ~ 'teC\l)5 ' o( II de:':: ity cur i cnt

in f~ow dO~" ,,; ' f.a ir ~ Y , s t e'~p sl,ot e ~i ,~.< ·, '~ tt~·~wsr .(l!i ~ l) ~~,~ aho: ~~own
'" th e effl!c't of freshwa te '( r uno ff 'i n an , Alask.an f j '; r d whe i:e llIi x i n'g in ~he

. " .. ..' . ~ : . ' " ' . . , , . '-
.\ fJor d i s caus ed , by ·~t idll lly ' i n duced in ternal wll,vas.
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r enewal i n rog et Sound . ' Fo~ l'II au ',;hieh is shbrt , with r O!'speet to th e

. tidal exc.lIr$~o~" the '~ ~h': t ' ~ ~· ~xin8 over th~ siil "W~ll. not:e as" ,

importa~t IInde~ehllnge Ls mp;c. , l i ke l y d~tin~' 's pring t i des. Sruccb-i al)d

" ~m," 0;;.) pi,vi,. ~v";,<e ,,;"<hi;" "<h.i, "ody~f ""0''' ' "oib".
I '# ·In ~~t " ~~ ~ere' " ,t'ti(\"i~\ is Sho"r~" Wi"~~ ,~e;~P;,~t. ,to ~he ,:t ida ~ e:~urs i?O .~nd

r s1'ltill g tid"O!' " transien~s a r e ,Obs u vO!'? ,. .' ,
~ . " ~

" "jX<=hange ' f!f ,deep ' wa t er in ~a. iiJJ..'r~ will pcc 'lr via a "derni i t y cu h en t

"; '.'!J.: ';h."m.~" vo" , ,.;o,,~ boi> ''',,~'io. lly (S'''>, '''5; .,
. Pedersen ', ' 1980) ·and "i n "the 1.abbra'tOty (£llis"ri" and "Tu'rner : 1 959 ~ . " 'The

~~lInie an8'1 0gU~" ~ il ~ ~een s~ud~e~ in li~~ereo.< ~i ~ul'll 'tion~~ 1Il0s t, ,~otably
bY""BO. P~derson <.1980) " a n~' by "Smit h "0 9 :' ~ ) "w~-; bOot h an'a~YS~d t~e 'dense

w~ ~er, overflOW.~~ the; ~~mll'rk' S't·rait . '" ,~" "· ~"eY~.~ :l)~d : 2ilO,~on;·(W82)· --lInd "

Edwllr d/ arid , Ed lest~n: (l"9i7)', appl;ing""the "theO"Cetica l i ~nd ,l aborlltory •

"::::::>:::;~ " :;:::!:!Q":::~~:::~:~':o:::;d~7:::~ ::::::i::'"
during deep water exchange and 'has been i dentified .as '1I",£egu lllr ' f ~ lI tu n~

,
, -' ,

.i
I

;
. ~

!
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dimensionS .a~d ~ubs~rface vohmes ', ~&i.ng ~he 100' m~te~ cou t,,~r as th"e

'. b oundat~ .: are ,given in T;tbl ... r. r ,

Ta b le'l . 1 WATER BODlES 'IN THE FORTUNE BAY AREA

Len g t h (k~)" Widt h (km) Mean Depth- ( Ill ) Vo h une" (Ill')

St '-'P ier're 21S ., ' 120 l, S x 10
12

Fortun e '.y 12' 22 120 ~ .O x, l Oll

H~r... Lt.eg e Channe l '137 " 1.1 ..: 10
12

I The lar ge ll,t vo l'ume of ' ~a t e r ~ 1I• .con tai ried i n t he; Saint-Pierr~ Chann el (as

fa~' ea st, a~' $3 - ' .3~ ' " W). loI'itJ:f' t he ,·le~ jt " .dmom"~}' '. factCir ' of f ou't' , . iii

Fortune BaY",i tBe1 ~ ' ; . . , " .. . \ :. _ . , ' .

' . ' For tun~ Bay i,lI' oriented along ,8 S\;'-liE .N ul with .. number .cr. s lIal i

~ay~ ·.. ;O~& , it'~ lIhorc ' tOloiatd~ th~'h~~d' of -the ba y ." 'The lI\;:nd lllUflld,epth ~f. . . .
>t~(~~y. ~i. . ~,~6, ~e t~rs. i.~ ,Be ~:~ e..6~i·, s e.par~ t~d -iro~ - r ~,st of. t he ,bay 'by, .

Il & i1~"":.:! 9 5 lIleters de ep . ,' The eeen- dep th of Portune Bay' i s 120 meters, the '

~~~IIItI~ 'ft'~~.th ,i n tli~ lIlai fl. ~Ii~t 6f " t he b.;' ,i s :4;l0' met-ets. In th Ol" cefl.t er ':' , .:
" ' .', " ' - . , " " , ' . ' , ' . - I

of ,t he bay i s a,bank' n :ki lometers lo ng 'and about 180 P1e ters'de ep wi th en .

area~f; 8 .x"\ rr.2• • On ·· e.ith~r s i de ' of ~ltil; bank ATe "t wo c ha nne'ls: one

?" ..t he , n~rthwe~)r~ side, :;0£ . t.h ~ blty. ' and "' ~ th\'!,; o~ tb~ ' s'o~ t heas tern
side. The IMd.lllUlP. d.ep t h .1n t he no:r tJ:!loIestern channe l is J~O, lIeters . and

that 'in th e sou't hea ster n c.hlln nc.~ i s · 320 ee ce r s , •. The bay hn s th'r~e s i ll !, :

one , to t he sou~hwest ~n~ ' t ...~ to th~ ~~rth",e8 t .• ~~~e ,si ~ l ~ sliaIl be

. ' ';-;n ,,<1 th," Saint-P i~r~el Mi quelon .an d s~iona s i ll s Ilc.~ord~ " the,i,r

ge ographi c. l oca t i on . ,The limiting ,si ll ,dep ths are .125" l:'f5 ,and 109

meter~ respect ively .

Very li'ttl" . i s k,:,o~,pf th e genlollY of thi~ ~rea;
----':--- .

I.n n ail'lhbout in g....

· i

1

l'latentill Bay work h,as be en done on bo th . the geo.logy ~nd oceanos;'rliPh Y ,

~lthough ve ry Iit't l~ of th.".1a ttlOr hu b!,lm , pl,lbllsh cod , Th e s~o r~8 .

8urroundi~1l I'llr tu l\(!· Ba y nnd nlo?8 eb.'" · . ou ~ h , C(last nCI! fo r th,; mO$t: _ _
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pa r t 'fa*~atren : 1:n scme plact!s c~iffs r Lee f r om th e beaches t o
../ \ . :

hu~eds ~t fe e t .i n th ,e air and ' ar e t opped' by p'ln~ra-H~e veget ation. The '

, "ores of ~h ;; .& QU ~h 'c?a s c area nor th of tbe 'He rll i t a ll:8. Chllnnel ha""e a

' me ,an: ~ levat ion of ~bou ,t '~OO to 1000, fe et . 11Ie bland ~f Kiqu!!'lon~, an

exception to ~hiG in tha t i~ ' i~s!:,rround~d by ani cOIllPos,ed of numero~,

sand ban k s ."' The La~glad~'t a sand bar joining the t~ lllaj or la !'d · lIIll ~ a e s,

of Miquelon, ia' a '.re latively r;cent 'ge ol ogi e 'a l ' fe~ture hav ing 'been f or "" d

at 801D8 timf-~ in the la ~~ ·eeDtury. Thehyd~0'gUPhic , ~hart 5 of ,the .ar~a

reveal ' the t botto~' types of,~he a r,ea 'r ange f rolll . and ,t o gravel ', 'wi t h

~ lay pr"edomina~ing . ~n' ~ny . a~e"s , I~ Fortun~ '-B,~y', i C;el-f the ~~.art~ •

i nd icate many a r ea s 'CIf'gravel an d gra 'vel aTld\~nd mutures ;
, ' .. ,.- , . . ' , , .' -' " , ..', ' .'

Icc ve ry .rarely f orms in Fo r tun e Bay and dou so on ly i n 1;h8 h ead

of· · ~I1 ~ ' bay . , LO~ '~l ' i i she rmcn repor.~ , ·th8 t ·onlY a ';f ~\i ti~e . ~n th e ·i . i ·t

• twenty 'ye~ rs h"a: ~ ' i e ~ ' bee~ obaerv~d anywher e ~n th e b~Y ., The 'mall ·~ oc~.l

ha~bours. ''; ,ft en fr cer e o~cr .by' lIIid""Pebr-':'ary liuc ~thi s e'ov er doe s ' not , extend

~n'to :tli:c !;laY·it sel£. s~a i ce: ca n exi ~ t , in the sai~i:-p'i ~rre ';~d H~rl:'I~tll~e'
chill\n~ l ~ . . ':n. i s .i ~e ;a ' " o t 10ca l 'l y p~oduced ~ur. ia advec~ed ; t: r~, eith·er.

. ' .
t be .ea.'at o~ th e wes t' . , I n ve r y nea vy, ice yee ce , 'lIea i c e fo nned 'a1 on g t he

n~rth ~oaa t of Ni:!";io~nd~and h eaTd ~.f by · th~ ....i nd lI':'d prev~iiing cur;~nts
. - ' . , '.,. " . ' ' ..'..

sou t hwllr d s even t ua lly , pas sing Cape Rac't! where ~t e~n b e carded a,8 ' f a r

we~~ 11'9 ' Sai:t-Pi~ -rre ~ Y '~ il:e~i se .: f~r:med' i~ t'he C~'1f bf se , Lawrl!n ce ';;,a"':

'a d:ec't ":~' ea 9 t~ard8 ac't~.$a ' B~~~e'o Bank ~nd int~ He~itace . Chanrie1 :

i
!

/ .

•

I
!, .

i
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r uns i nto Belle -Say in the ~o,r thwest corner of the bay . The ne en annu ai

'fl j)w' 'f or ~h i s rive r i s 3'9'~-\m)s~ l with t~ peak flow per~od s . one i n t he

spring th .e ot her i n t he fal l. » 0 i nfl ow 'dat a wer~ ob ta inable for oth er

rivers bu t it is esdmated, 'b as~d upon the wor k of ~lu t"ray ~nd Harmon

. (1 969 ) , t h at 't he ave r age ee ee t f re ~h-;"ate r input i~to t he ' ~.~ i s .ab ou t

100 mJs~ l . It: i s of i nte rest t o comp,a r e , t h'" r e h t i ve . f r'e sh\la t ~r in flow

of ' t his s .y's t eQlwi th ' t ha t of a mor'~ typical fj ",rd. Hell e ( 1978 ) pr e eent s

dara for Byf j ord l oc a t ed on thewes r c oas t of Rorway,. This fjotd har ,8

total ar~ a of 55 -;<; I06m2 'and II f rc~hwa ter n moU '~f , 3 20 ' 1II3 s- 1 ~h"lch
. . " , . - _ _ ' : ' ,' . . ' - , " ':'i; ''' I

gives a runoff to su rface ar ea , r at i o of 5.8 x 10 - ID 5 • For- cOlllparison '\: ~ ',

, .' . :~e . total . a.re~ '0 : .F~rt~n,:~:aY·' ·i:~ r.a ~. 1~9 ~r W~iCh . ~~~~ea. ~it~· ~un~~f
. g ives ,a ratio of J. O,x IO illS

. ', ;;';~: ~~~·a~~.o , l ook' ' a' ~ th e .i~.t.a l , y ear lY - f r e s,h~~ t~~ 'no:.. :'i'~ to 't~~ 'bay,

which; exP~~sse" .as • • perccnt.ge ·o f t h e v~lu llle o'f the·b~y; is 0 . 6%. ' We"
. . , , . ' " , " , ',' . ' " " ",

fou nd no c ev id enee th,'t t h'i s in'flo:W: ,had an y 'ton tt:o llin'g in f t uence on

.:::,:":':'.":o:~::':~:,~.::'::: :~:,,"::::':::':;p:,':::,:'::':.,
, . ' . . .' . " ' .

.ba:~_ a~d th is, ca n ' be ' seen In so me ·of th e CTD " (Cond~~t ivi'tY"'T~~~er'atur~·_ ·

Dept h ) ·transett 'l ine, ."
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The L~~TadO~ ,~l1 ~ ~,en t Watet' 'ma ss ' hlls II tempe ~liture ' t'lln~~ of ~1, 1 , to"

3 GC and: a· salinity tan ge of 32 t o 33 x' .10- 3. " (Salinity will' be expressed
. ' " . .

accid'cding to the SUN nepcre , IUCG,Pub!.ication Office , Pads , 1979) • .
' . ' " .

Pe ~,~ i'e . and ,Ander s on (1978) ' e$~ i1l!a te. th"~Dtean ' flow of th is cu r r en t we it-,

wa r d throug~ the. ,A;alon Channe l to be 1 x 105 m3 s- I wi t h fluctullt i tlg

'fl ow speed /l l ~ f 0 .0 5 t o 0 :2 .ill ·S- 1 . ' /-

THe ' f~ow o(wa ter wi t h in ,t he L~urentian Chanf'l~l ha s been s t udied

by El-Sabh (1977). Tr~tu (19 11) and eat: lier by Lauder ' and Tr ,ites ( 1958).

Wat~r' ';rt ~he i;t ; a it :b e't~een ~ova s:otia and,N~,Wf~f1d;l~n~ ha,s f t~Q-l~yer
's t'ruct~'re . 'The ,u,~pe:r laYe r,..,ab o.~e. ,.I 00 ·me t er s. ha s ,a te'm~~rat.urera~ge

:'~:'n:: ' : st:e:::~~~]~i:::r~;~':· ' ~ ::~3~~~· ~G:~.:nN::~7~'~ t'~7:'i::·l ::'~':: , i~ , II.".
.f~n~~~tra·re.;j '~ :~ lO~ '. .Wi:~b . ' ~~f1'~~ ':'ato~g f·h e '-:N~fOU~dl~,;~ ,~id.e· at i~'t:er­
m~di~~e , de,P t~.~ and !J e'~ r' ~~'e ; 'b ~'~ t¢~': ' '~Xr"UIll vr: 'wen ~I>'se~~ed · ·to

Oc,c:u.r in Jiu;e ~ ';d August ,. , ~

S,Pllie o f t ile, Rus'Sian su'tvey' wOl'k ClIfr iedout a l~&' t ht; east. <lO~ s ~

ha's' ext'end~d~ ,~,~ t~·e Lau.r.~'~ i ~'~ , c~,~~ef ' ~~ -th~' 'm'Qi"t'h,"o~~ ~be .~e~:,~t~g.e " · .

, Chann el : :,Ku,~ 1 0 ,a~d illu r,~~~ in ..(l.9'7.~)~a~e.to:":i'ute,d . th~ ,. dYl!amii:: ~.?pogt"ap_"y

. r eIat ive to 200 ' d_ba t wh i cK indi cates inflow ~long , the 'u~rth ' s i de of t.he

,
, .j

. . . .
'~Qu'th~as t: ern si~e· or' the Ilerrn i t, ~ge Ch~nn~~ i~ ' t he uppet lIIye~' o~ ' the '

wa t e.r eolum~ ~
,', ' .
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1 . 6 Ocea.nograpny ot ' ~h~ For tu ne. Bay Atea

Fi~re. 1.3, sho\ls tn~ ' stations oc cupied du~in.& "t he ,~ 6utse ot , t h is

, g~~'d1' '' Th,e 'g t a tion , '~ lI,"beT5 i~d ic;.ted in : t h ~ figu r e wil l .b e re( e r~red t o
, . , .

both "i n', the t e ;"t . lind $.I n t he pl ot s of ~ e..peratllT~ " sa li ni t y and den'si ty"':'

A li st o f the s ta tion posi tions and de .hs c an be found i n App etldix ' I

~O" :h::n:::h.:::,::'::::,::0:::,oU"';'<h.s.'n.~! '~,;. 'ille..
For.tun~ Bay and ,.then ' ou t in to lllmllitage Charine l i s...pr e s en t ed in Figur~ ' .

. .1. 4 ~h~w ing ,the: ~e.p~~a tur" " S<l1ini ~y" ;and ~e~~II-1; exp r ess ed ~n .

. ' , ' lI ~ iu 0'[ ' k~ ...- 3, ) . ' , ,',"

" " .' Th~ re':' ~~e· t~ d~s t i~ ~SSel' pZ:~$en~ lit , or ' bblo\l'sill dep th

. o';' tside ' .~ortune Bay : \II: ~;~~:7';C) , salin'e, (3~ 'to 35 x 10- 3)

" :tIOd ~fi:d',' ~ l<iP e: ·wa t~ t. (M~ll11:n : 195;) ~lltendi~g : ~ rom t~'e bd ttoll. to

<i eP t'h&: ~f.1 25 t~ 'I ;'5 Plet}s,i~ lIermlt8S~ ~a~~el and c'old (-I t o I ·C),

'. ~el atlv;lr fr,e sh ·..(3~~' 3~.x .i:o-3) ,. J.8b~a_dbr Ctlr.rent . WOl't er (Ke'eley,196I)

in t he. A_,:~10.n, ~ari.n e~ s._ .. !!010 di sti n.c t , . 'PhY~ .i~al ly .s epan~~~. "ate-r

maul'S h~~ ing. 5 illl~ l t a~eOU6 acc e ss t o . ...' si08I e ' fjo~d ac ross ,J if fer~llt

si l ~6 is unusual: ana ' hU iIOP~r t~nt' COn! 'eqUE'tleeS "fo~ th e de ep ",ater

e~Chan'ge pr~ ~ 8 8 i n F"ot:t uile Bay........·
" ~

l~ t~"e den~i~~ of th~ 'w'ilte r a; s il l "?" ~s , g rea t e,? ~Ugh th~n

.deep 'w~te-r tetl,e",;~ wi~ I oe~ul" : ~Ot CX~lIIP ~C '1if "" .~en se \I!lt er s ~ , ,th~

b ? tt:- of s tll ~ ion ,5$ . in rr .L.4', were tO,be dr.~v.en _o'? e ~ , t~~ ai.ll, .

t hen ,i t woul d d ispla c e' th e le s s dense \la te r ;lit .t he bo ttom of · th e bqy ,
. , w , · , . . ,.

Thh ' pr oc e ss,. is possib~c ,at lIny of ' the ~hiee ,d U ll , iwo thin~~ arc

~equired' : " wat e r lit- th e' ,si lt ' w ~ i:h ' a density gr ea ter, th lln tn~t' ~f t he
, . . . - "

. d eepwate~ in J;he bSY,and ~. m~~h,an~iim to d~i"'~ the water' ll'ier ' t he s it l .

-A r e e a oe f'f ·~~U wat~~ c.a~ be lI~en .~~ ~ i:gu'r~ ' i :4 ddi~,g ·up. oYer :

t h e ·s.a i~t-P ie~re' , liq and d6\m "i':'to ' Fo~ tun'e Bay. ~ A l thou"lth riot a~ :'.'
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dra mat ic as inHo~~ obsery l'~ i n ~.tie t surveys , t~e cold \Il1ter .(~ess

th \ _~ ·C ) vis"ible at m~d-dePths in ~he b:8y'i •• a nsul ~ of i n,fl o",' o f l. abrador

Curl entWatcrovertheSai:nt-Pierre .si ll . "
. . . , - \ ,.

Ther e is a s t r ong densi t y g ra dient separating both the La!H'ador '
' . . ~. .

~rrent and the Modi fi ed Slo pe Wa t er 1f r om the OV'ul ying va t u " outs ide. .' \ .
the 'Saint-Pierre and Miquelon sills respectively . By ~ontraat . t he

.. ::;;::::;:'::::' :::i:::,::,:'::; ~:\,::::':,::: :::h::: ~::'.:::l:.::·"
t he dee p wate r ' exchilnge pr oces s (Pitk

1
d ' J9~3·J. . • . ".

...:.~·::~:::S~~~::~\::::~'=2r.:;4::E
< ru~o~. "and' ,t o , ~~Jns~_rve.~~:Ic.~. on l y t~e\ te~per~t?re nnd d ~n~i.t Y . Pl :Ot5 '1111-.

be dis.c~\lI_"d .in . the , ~ex t -. Th,e-·saIinity l.p lo .ta no t i l\ tlie tex t ~re in

~ppen~ix, i r. ...,.., _ -

·In th i ~ '·.rork i t;.", iit.,be shown that !nfi.;,,, over each ~f ~he $ill~ i ,

seasonal .wi t h t he :"'a r m ~!l t'e'r- inflow."ove;; the ~orthwe~ t'~ ni Si~ l ~" OI':c~r~
i n the -...inter p,,~ i';d snd .~old ~ato;r \i~f1 ?W' ?v.".: the s a'int- i>ierre sui

in t h'" Ilumme;, po;riod . · ~ d,:s~r{pt ion "')r'. ~he·fidd prog-.:alll'and data

ana:l ys 'i s ·(Cha.pte r. 2) .wi ll .be foll owe~d bY.'ia di~eussi~n .o f long t er lll,-data _

· f~r ~~.e' Fo~t~ne Bay area · i~ 'O:~Pter_' 3- . ~. d"iSc.uss~on _o f tht! t~per~ tu re ,

salinity and· den ~·i·ty- dat" f o r 'tbe area. will th·~n ' be &iv~n i" , Ch<i P t e-r ·" ,

· Densi ty . c. urr:en~ inf,~- WPL··th~\l , ' ~e reyiew~d "i n t\: e : c. o.~ t ~'i ~ ~f .tlie~~ eLm,

• t~&~ther '"ith· s~me ' tb~o~et~c.al a~~lY~ 5). ·- ~ix~n~ a;'d f1~
. \ :-.:.••- t he Miqu'elon , 'i ll wiU:b c d1ilc.u s s~.( in· Cb~~ter 6. fO ll~""~d . i~ C~ lI p te r 1,

~y' ~n Ilnll1ys~S . ,O f ~!,~l~,l~,g ' i n}ior~i ~ :l ge ' ~Iln~e,~ , ~ B' it r-~l ll·~e s ~O>.in t ~r ­

exchlll' t!>e over ~be northves-ternsi119 . Th~ eight"· and Hn~l.~hapter ",ill '

~lJmnI8rize the i~~?t~ni: reS~H~.~~. tb~\~~~ ..-
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ClI~pt e"r 2 Pi eld, l'r og ra lll'and ,D~ ta. Anal ysIs '

)
..

~.I · Sta ~ ioil P la n

The ' er n a n d cur r ent ....ter dat a pr esimte-d bor t! ' '''e(e C.~llec tli'd on '
. . " , : . ' ' ' ,, "

crers ea condu cted by Me-.orJ.al Unlv e rs ity. BathytheDlograph 'da t a

'<lo.ro' ,::: n~c te~~~th~est " Ath~ti~ ..Fi~i-U~ri~~ cent~;.:(NAF~). ;;~ tb~nsl" ,
~n c-ruisol conducted by them • .. r~bre 21~ sUn;lllari~e, th e _<;: r ui i e ll conduct~d

fr o- 1-981 up ~lI.til Nove llber ' 1 9 8~ , I n t h,i s chap~e¥' . ~OIlIe of · th~echnique~ '

.e,DlPt Oy·e d ' in eji~ect·i,~g ~.h e d a t a on ~h"'~ ·~.~'U.h~~ . W'il~ :.~·e ,. ~;,S1:fib ed , .

CRUISE. . SHIP

' 81-1.

81;"4

~ DATE :. ARE-A .

G:' B ~nk.~: , ~~ r~,m~ ~a~ AT"" .

Fo rtllne .Bay .

"".I

Fortllne ~ay

·. lfor~unc~ Bay Ar\!~ ,

to:ortll~e B~Y . , . :
Fo rtllM . Eey

F6~tune 'Bay '
. " . ", : .

Fig)Jre 1.3 sho.'<l s IIlOst ' of t~~ ls t ~ t i on s occupied , in ,t h ~ south' cci~$t

~ i'; .th~ course' pi 'this stu dy • •rn~ numbers b.esid~..e.~h st a t ion wil ~ r
'ref erred t o i ll the,text and,101 m a~~o b,e ioun~ on .the ,£ ~ gUreB .,

Append]." I g i v es tbe la titud e, long itude and dept h £0,a 11 the s ts tlllTlS

discus sed ~

Da t a from nineteen ' cr uises will be preaented , 'I'wlilv'e of ' th ese

. crui'~e9 ~e tll"con~u c te~ '~y HAFC personnel ' ~ s 'par t o ! Bn.;~~gOing larva} . "

82- 1 COS SHAY.OOl<. 24 FER. 2 ' HAR 198 2

82-2 cos DAWSON 4-·14 .JUN· 1982

. 82-3 CGS :SHAMOOK ' 2-14 '.ruN 1<)82

NAFe ~GS SHA!lOOK 12 -13 JU~ 198,2,

.8H CGS MARINUS 17-23 NPV· 198?

. ' . . . . " .
herting , llnd~ c: a perin su rvey .e r F~r tune BaY'· u n 'det-t·o.k e n b'y E . D~l1e.Y , . The.

six .Me~~r ial Univcr&.i t y c~,'; i~e~weJ; e d e .ii~at;~d: to ',a stu d; " ~f' ':~'e. ' PhY ~ ~,C.:1 .

.,
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. . .' ....
Th? $[. ticm g.rid wu deg ig~ed to provi d e bet h genera l .and s pecific

caverage of 't h e a; ea. The s tlltlon s i n the Her mi tage Ch;'n net ' ve r e ' cho9~n' , .
" ; " " " . " .

both to l o~k at ' the water s tructure " ~II the ch4nn~land t o pemi t t he .

,c~puta t.ion of til~ dyn4Jli ~ topogr.p~y for ' de l; enai'na~l.~ of th e ci rculation

patter n . In' For tune Bay and ~heoth'; r ~hatm~l s "';5t ,of t he lt i. t io~l ",er~

p ~ai: e~ a long ~he, ~:l is of 'i h'e c'h~nnels' an~ vere 4~'prOjlr i"a t:·~ly. ~ pace ci ' ,to

.-::;=::s::I~!::;.2::::::':~::::'::~::::::::~::~:' ::;:~:::'l .
l 'i ne TI ..,a~ e~O~Ul . to in~~~dgat'e th~~ di;f~ren~~. '~·..d

" " " " ' , ": , , ' .. :
cireu) a;t "ion vi'th in 't h e ' hay whi l e the 'i ine~ ' -"2 ; T'i ~nd fl' .'Were' -':1Io ', '," t"o . : . ~ .., : :

. . ... l ook a~ th e d~ t:a i ied st'ru~'tu"~e Of~h;"~ densi' t:! ~urr~~t . flow .i~.i:~ F or'tune" • • "~.

Bay

Three eur r e llt . lIle t ,,-r. ooo; in,lts,we'r e deP1!l):'e:d;' ~l . : '~ ' ~nd' ~: , :~e fi~st· . ' ..«
. .' . " .

tw~ 'oIere . pl eee d , on ' t he Miquelon .si ll .to' lo ok at the exeha~ge 4n, 'mi:d~. .
t here wh i le 'the t hir d, 10, was placed inside 't he Sa illt:P1e t re ' sill "t o

2',2. 8T andcrD Data .

..J
:Jl'~-"""'~"7-""':':':""""'-'-'-

,. " . '

. . ., .
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. . ~ : .' .•., . ' . .
Hk. I II'S CTD• . Sp~cifi"" tioll~: fO.Uhi'.'irim¥en,~.. -!!'d , bb y th. '

manufacturer ar~ giv<U\ in ,T~bl~ 1..2. , , "
.' .

TABLE 2'.2 NEIL 8R9 W11 HK nr e en) SI'f:C!F I CATIONS "<,

RANGE ACCU!UlCY RESOLUTION

0- 16 00 x 10 kPa 1.6 "x 10 kPa 0 .024 x'IO ' kPa .' '

'fe mpe ra t u r e - 32 ~o aa-c O ~OO5 ~C O. OOO5"C

Conduct i'!ity 1 to 65 k O-1 / cls> ~ . OO5 ,k rJ-ricm o . OOl l<Q- i , crr.
, . " .' . "

Fi~ld ched~. s of t~ is i nst tlllMn-t. wer~ carrt~d out lIs i~~' lll'.. ...X'si'ng ·.- . . , .
. the rll1Of1e t~rs a.nd NI !.ki n ·.bot ths on a Gene:ra l Ocea ni c a 'model .iOI5-1\.

r os e tte to wh ich ' t:h~ "CTo was al a 'o at t.ch~ d:. '. Wa t er sampl es and " t emp;~'~a~tl re '~ ,

.:r:V::·:h ::::: i:::':::::::n:";::::~.::P::p:::_:v::~:;:~~)::i ::ii"i 'Y · · .
1', lI$ i ng a Guil dU 'ne Mad'e~ 8 400 Aut~aai wh.iCh wa s cal tb t"a ~e d . u sing ' iland~.r~"

~. • ' . sea' \/.a.ter ob t ained ' ) r omOth, } ns t: il ut e ~f ' OcunSciences in wor;~ley.
Engl s lld. The aeeu r llcy ' cU tbis i~strllment 'i s r a t ed by th~ manuf~cturet' t o

. , - "

. ~e 1 par t pe r mill i on . ' ,The re ve:rs i Jlg .ther~i=-er a . made by Wa t anab e Keild .

-aee ,r atefbY t he ~_n~~a-!"- ~urer 't o b~ a~cu rat.e t~ O oO l ·C} .lI~thO ll ~h 'i?
prsc tiJ.~ 't e- i ,h\ t t hat .'n acc uracy of O :02~C ' i ll lIlOt'e : re~li5til! . .

~T~b~ ,2,:,3, p rea enti th~ re Su.l~" , ~ [ thec~1~bra ti~n :~usl;8i8 f or { i:e

" , c ru i..\ es cond ucted d u r i ng t n\..8 a t~dy •. In Tab l e 2.3 liS' and'XT a re t he Olean ' .

cr r o n i n s a.lini ty a lfd te~~er. ture re8pe c:·t i?elY .

o {s alao s hown.
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of B.ertea.:x '0\1'16) w~s'~r;nced , '- St,ainlen &tee l sha~k1e's . s t ainless

" st~ thru's t be·a.~in~ SWi:-r'e,h and ga'lv anl.zed, ~haCkle~ , at a h~ite~ 'number

Of.p~int& wer , used , Galv:,,,hed ...ire '(as used ...i t h , Salll~on ll;We r bra id

to i~olate ct:mlpon"en t s of 'th e 1IOO ~,ing. Hesotec~ SOI,·AR ac"ous t i c. r e l ea s e s

. wer e 'used , s i ng l y' in M~'ori~~s 1 and '2 ' and pai r ed in 'MooTing 3. Al1.of the

llKl,orings' ~ere depl0Y~d b~~~ ' f i r a t .and b~cau 5ll- · ·o f . t he shal1ow:·...a ee r .dep t h ,

, by ~ilowing' t.he d,?~~e 'tr.a~n .~~;~i _a\l(lh_~r ll·~);, f~ee fal,~}o th·~ bot~o~ ,
The curren t llIl!reJ;s u~~'d ; _Aander aa RCMlI ' ~ we r e cal ibrated post c ruise

; ::<~::.:::::::,:"~;;::::;;';:,::::;::::;,/?;::::,;:;._:;:,:':~:;d M '

. speci~ ic~tio!!S: s':!pplied .by it.tui ,'m,,!~~~1u~~.; , iOt :;th~,s~' ~~stiUlQ;nt8 . . :

~A~L~~ ' ·'L.4' " CU~NT MET~R ' A~, ;.:~~~~rC:~iN· ' ~PEC'i~ICA~I.OO{{: : . , .. .' I

. ,' . ,' SENSOR r. ..... .. " RANCE,' ,: :"": ' ~.c~FA~Y< ,· . · ai~~~T1~ .
',R614 ,Speed '2. 5 to 150 ~~ 's...1 " ,~~ , or ~~ , . , " , : . Th~e s~o~ cl, 2 .0 .

R~~i;elll/ . t~>i ;4'O ·C ' : :~,:-.', ~.t" .0.01
, RCM4.C~~d.: . t o 7; ltfl~~i~; : " . : \ ..,0.;', " ,0",07 i '. } ,

'. ' . ~cM4 nil" -1-'360: . , 5-t~ -! .~ '.0:3

'S}~.M4,..~p'.·Chr,~~", ~" : Q: 65Q x 'IO"bfa' .. 6 . 5 , . ' • 9 . 65 .

on . ~, u. '-t :46' . ; fJ~"4 ·· 7. • '0 : 1 0.02

: .,pr obl~S wit.~ .l:h,: ~1;l~~s· ~~~;e.V1ent8 ,~f; '~an~e~a,~ ~im t , ·me~ e~~, h~V~ '-:--,"~,' . ,,'1: .

::~~i;;tEr£:j:;:~.:E~12rW:
• • ;e:oaiPonen ~" i~ . the m.oorins... • . '. r; ' .:j" \. :~ I:

Thethe""i'sc oJ; · ch aills \lsll,d " a~s~ q( ~llltae r-1!a: ·llI8~ufacture. wer e a lsc:» ,.'

~~;gE~E~~r+::':~it::t~:~; \
:.' :'
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TAM.! 2. 3 : CTD CALlJllAU (II RESULTS

Cno is e is ( x~ U-c

8 1- 1 0 . 0011 t- 0 . 0 12 . -0.008 0.023

81-4 0 .0071 0: 014 -0,023 O .O~6

82-~ -0 .0092 0 .024 0 . 00 40' 0 .04 4

81":3' 0 .0080 '.o.on -0 .00)1 0 . 018

82"'8 0.0080 ' O.OOB!! . -0 .0040 . 0. 02:6 . .
. . .. . \, ~

niese arc not' meant to be i n t e l"p1,"e t ed as Ittict t:.libTations bu t r ather
~: . . ' .
a. check s t o ensure t ha t th e inst r umen t wa s i n ,ca l i b r a t i on . ~as~d ,t1p<;>P

"1::::.:::'::0: ::~~:;: ;:h:::::O~::::3":::::::V:;~:~~:;:::v.;","
of th e standard devi;&t i!,~ are fel t .to bl!!· • .: ~e:,u l t' ·o f.. ttl '; . e"lib~8doii' . :: ~

. : techniq.i.e iUelf .nd :~ot : i nn ru mm tal erro t ,' 'I n januarY o'f , 1982 th. CTD
" . . , .

~ent ' th rougb ' I p• .,.'ti al !'. f i bratiOn. '~t' .i.ii.. he.t~ry .nd vu '-fOund t o b'

• ' vel:?ose t o :p ic:~~ i~. i: i~J in tftl~e~:tun ' aqd pr:u ud . .~~ IlIilll ~~
e r~o~ i~ t~~u~r~ .~~. - [~nd- ~:D ·b . . ; .ill ~de~~·!e ~ ; o~t .that l ~ ~me °a

~ta , frOll.th~ CTI) · ... ere r eco rded at ' ll .25 Klt' ~ ~ 50:'1 :C-JJ 9 .ana~o& , . '
j . . : . • ~. - , - . - .

/::::.::~:;:.~::;;:::~:::' ;:: :::':::';::.:::,:'~:~.::::,,:::P7
out u' i~g ' .th8 ,KINC 11 /03 ''y's t eiD : '

203 ..: Current :Ket er Koo,: in'gs

Diagrallls , f-!l~ ,t he t~ree c...rrent: mete r ~dn$1 ·a ; . 8h~ ,'01\ _ FiguT~ ~ '

..::~: 'b:.::; :~3~::.:: ::i:':::':~k:::.;:::t::·,:J:::: :::::::: ' .
"as' car~ied O\It i tt ' th e ded l n' ~[ th~n · ~rinil .•.l ~~~~gh t~e :v~;{k. ·
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