
AD-A270 854

On the Sources of North Atlantic Deep Water*
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ABSTRACT

Because tht \olumetnc census of deep and bottom water in the North Atlantic Ocean consists of three isolated
linear ridges along which heat and salt flow through the main ,olumetric mode (and point ofintersection), it
is possible to deduce the expected ratio of heat flux and ratio of salt fluxes measured in the Denmark Strait
merlOS, o)f ;reenland and in the Antarctic Bottom Water near the equator. The weaklý stratified layers of

upper \orth \.tlantic Deep Water fall on the neard linear ridge at temperatures ahoxe that of the mode.
I here is an incompatibilits be'tween obsersed ratio and deduced ratio. It is predicted that a remeasurement

ol the llux of Antarctic Bottom Water near the equator wtUi show that the prekious determination of 4
0

N is
unrepresentatihelk low.

I. The S, d %olumetric census of the deep and ward atross the equator from its cold source in tlie
b)ttom waters of the North Atlantic South Atlantic Ocean along the bottom of the western

Ihe solumetric census of deep waters in the North trough, with a branch into the eastern trough through •
tlantic Ocean. given in Plate I of Wright and Wor- the Vema Fracture Zone at I I'N (McCartney et al.tlangtic (197o and gxen in Plati reprof Wrightand W- 1991 ). A fi. of the largest volume classes are found

.h a mode ceanterd nhearc repro eat the warm end of this ridge adjacent to the mode.f. shows a mode centered near •otential temperature Ridge I is of much smaller volume and is nearly iso-dsalinit. haline extending to near O°C at its cold source, the
narrow %olumetric ridges radiate in nearly linear fash-•IDenmark Strait overflow water ( DSOW), which flows
ion as labeled 1, 2. and 3. The volume ot the mode is southward as a fast, steeply banked, thin current along 0
remarkable, with the volume of the four largest volu-metric densat classes totaling 15.8 x 1()6 km'. If this the continental slope of Greenland. The penetration"densit' claised of the cold waters of ridges I and 2 into the midlatitudes olume •ere redistributed into a layer of unifo~rm abs ofth Not, tatcOeni iil ipae

thickness o% er the (surface ) area of the North Atlantic. abyss of the North Atlantic Ocean is vividly displayed
it would be 421) m thick, or about I 1.5'"; of the average t plates of the Worthington and Wright (1970)
ocean depth. The 12 largest volumetric density classes.
indicated in black on the figure, would form a laver A vetr good picture of the spatial distribution of the
911 m thick. or about 24.2'; otn d water in these ridges can be obtained by inspection of
n 90 m hick orabou 242";of theaverage ocean depth. Plates 2 through 29 of the Worthington and Wright"" About one-half of this water is the mode itself: most ( las wh ich disla the depth and sa ini t
of the rest lies above #he mode forming the high volume s of contla nt potential thempertu at 0.lin-•:• linear ridge 3. The water% of mode and the warmer surfaces of constant potential temperature al 0. 1' in-

elinear ridge 3. T water cofmmody caned Nothe wtar tervals (Fig. I ). The two bottom sources, I and 2, can
more saline ridge 3 are commonly called North Atlantic - visuali.-ed as two separate plumes of anomalous wa-
Deep Water (NAI)W). Extending from the mode in ter thsatie are twompleprtel absor ed ofin omao u thw a-he
the colder/ fresher direction is linear ridge 2, which ter that are completely absorbed into the NADW. They
"represents the Antarctic Bottom Water flowing north- are laterally separated and cannot mix with each other.

Both the AABW and DSOW yield up all the temper-
- ature and salt anomalies that they carry to the overlying

o0 NADW through the mode, point 0 (in Fig. 2). Points
Q * (ontnhution Number 7941 from the Wood Hole Oceanographic on the warm ridge. 3. occupy surfaces covering large

Institution areas of the North Atlantic, lying above the mode of
Flenr- Stommel died on 17 January 1992. NADW. point 0. Therefore. this ridge is less like a •

plume and more like a series of isothermal and iso-

"- rr'v%1nd,n5n awthor addr'J, D)r James R. tusten. Woods toie haline lids, or covers. lying on top of the NADW mode.
(keanographiLc Institution. Whoods Hole, MA 0)254141047 Through these lids, vertical temperature and salt
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FiG. I. Simplified sersion of the hivariate volumetnc census of potential temperature and salinit. for the

North Atlantic Ocean from Wright and Worthington ( 1970). The ridges I and 2 represent holtom water
from the Denmark Straits and Antarctic. The high ridge 3 is the large ,olume of North Atlantic Deep Water. 0

anomaly fluxes might occur by advection or diffusion 2. Computation of the slopes Xi of the ridges
at any location, and it is not obvious what the sign andamplitude of the vertical velocity are. because there The three ridges are shown schematically in Fig. 2ampltud oftheverica velcit ar, bcaue tere by lines radiating from the central mode of NADW at

can be lateral flow across the equator from this stack by lin. ratingh w e cenotr mode of "nd- a
of lids. 5u, 0,). Although we do not know where realistic "end-

points" lie along the ridges, we need only choose rep-Since the ridges are narrow, the ranges of salinity on resentative points S,, t9, (i = I, 2. 3 in Fig. 2) along

any of the potential tem perature surfaces is small. This the rides to determin e thei = 1 , 2

is in marked contrast to the situation at warmer levels ges to determine their slopes X,:

above the ridges where the S, 9 ridges broaden out: x, = S;,',, (i)
for example, at 3.6°C there is a wide range of salinity,
and the flux of salinity would depend upon the geo- where the 0
graphical location of the mass flux. The existence of t= 0, - 00; S', = S, - so (2)
narrow ridges is therefore an important feature of the
part of the S, 0 diagram (colder than 3VC) that, as we are anomalies relative to the S, 0 of the central mode.
will show, is advantageous in interpreting relations be- We tried two methnds, denoted by A and B, to de-
tween the fluxes in the three ridges, along which tem- termine the slopes from the data in Fig. 1. Method A
perature and salt fluxes must be confined, involves determination of the slopes by choosing four

S. l ... .. • . .. .. S .. ...... _ _iS. S I
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i:(i. 2. Schematic configuration o" the ridge lines %howing their common intersection at point 0. The
points 1. 2. and 3 are representative points chosen on the ridges for the purpose ofdetermining the slopes
of the lines, as in Fable I (method A ).

representative points on the S. 0 plane to define the given temperature is also given for purposes of tracing
lines. Its weakness is the arbitrariness of choosing the errors in subsequent calculations.
exact location of the mode for NADW. point 0. Method To use method B. lines are fitted to each of the three
B involves independent fits of straight lines to each of ridges to obtain the slopes A,,
the three ridges, without requiring locating the point
0, and seems to involve less subjectivity and less error. line I: S = 34.905 + 0.0075d
Of course, using method B. one expects that the three line 2: S 34.680 + 0.10500
lines will have a nearly common intersection near the
NADW mode, and we may even interpret this common line 3: S = 34.770 + 0.06500.
intersection as representative of NADW. S

To proceed with method A, representative points The errors of slope and their computed probable errors
have been taken from Worthington and Wright's plate are given in Table 2.
l and entered in Table I. The pointsare0isthe NADW There is some small ambiguity in determining the
modal peak. I lies on the DSOW ridge, 2 on the AABW central value assigned to point 0. The highest volu-
ridge, and 3 on the overlying warm ridge extending metric density class is centered at 1.95*C. 34.895 psu.
upward toward the base of the thermocline. An "error" The cluster of the four highest volumetric density
range corresponding to the spread of salinity at the classes defining the greatest volume mode, and that
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used tor po .t 0 in method • . IS C InttcCd A•t 2H It (. I \111 7 \ lc o I, '|Iuc.t ot 1111d 1,qwI , 1,11 . Itni putcI IluseI

14.9 I1) psu. [he closest approach to a common inter-
sectio n o t' the th ree lines o f * m ethod B i s at 2. 1,I ̀ ( . ali .• 1jIS

34.922 psu. This is quite close to the average of the 12 ,do
largest solumetric densits classes of Fig. 1, 2.20( 1 i I rror estimate 0
34.920 psu. All these points lie on the main ridge of -
NADW but they are not identical. For subsequent cal- ()5 -0(X iS

culations we will use the representative temperature 1 0 Iic5 . IiS

(and salinity) of point 0 as 2.00C (and 34.90 psu) to

define temperature and salinity anomalies. I 50

3. Fluxes of volume, temperature, and salinity on the 2.)

S, t diagram

Now turn to interpreting the three linear volumetnic ost approach oflines at 23 I 14922' psu.

ridges on the S. 0 diagram (Fig. I ) as a map upon
which to draw. the fluxes of volume and of temperature
and salinity expressed in terms of anomalies S,. 0', T
[Eq. (2 )] from the temperature and salinity S. t~o of This deep circulation s~stem can be visualized in
the point 0 where the three ridges meet and the dom- plan view through the plates of the Worthington and
Inant mode occurs. The ridges of Fig. I can be thought Wright (1970) atlas. which show the progressive pen-
of as divided into layers defined by incrementally etration of the AABW and DSOW tongues to midlat-
spaced isotherms of temperature anomaly d;. where i itude. Figure 3 attempts an orthogonal view with a
is an index defined negative for temperatures colder schematic rendition of this layered system of water
than i),, and thus corresponds to the cold waters of masses in a meridional plane representing the zonally S

Iges I and 2 with negative temperature anomalies, averaged vertical and meridional flow. We have indi-
I ie mode itself corresponds to j = 0, is by definition cated midlatitude physical contact between ridges I
a temperature anomaly of zero. and is included as the and 2 for a single layer. / -- 1. as an example. The
cold end of the high volume ridge 3. which thus has j Worthington and Wright (1970) atlas suggests that the
? 0. with temperature anomalies -- 0. In physical space contact occurs at a temperature between 1.80 and
it is visualized that cross-equatorial flow supplies ridge 1.9°C southeast of Newflbundland. In addition to the
2 with AABW as a volume transport U2., in the classes cross-equatorial and Norwegian Sea volume transports
1 < 0. while the Denmark Strait overflow supplies U,. volume transports between layers are indicated
DSOW from the north to ridge I. as a volume transport
U, in the classes j < 0. In the north we assume that
there is no exchange with the Norwegian Sea involving Eq N
waters warmer than do associated with ridge 3. j >_O. 0 ,
based on the thermal structure along the Iceland-Scot- "
land Ridge (Mann 1969: Saunders 1990: Tait et al. u% - w3.2 .2
1967 ). Volume transports L'3, ,across the equator are
permitted for the warmer classes / - 0: this is the export u."- t** 4 .
of NADW to the rest of the World Ocean. -

A2 .0

U2 .1 -j

l.BRI t I Method N: %alues of representative fpints W.-
and computed fluxes. U2 , 2 2

Point II, C ) .S (psu) FIrror d, .S", ' 2." --''

0 2.))) 14.91 0) U2 .4 7 2 '

I 1. ,5 34.905 .00i5 7 i ( ) .3 .0 01 .) ,. ,

2 I I I 34 8155 (Xi .95, ( I K. 31 Schematic sertical meridional .ection of the deep North •S29 34.959 - .005 "9 +81 ÷.0:4 9 2tlantic ,ho, ing the spatial relation of the three masses wI water in
the ridges, The contours labeled i are of potential temperature anom-

- I StO S ak At j 0 the potential temperalure anomalh is ,ero. corrteponhdng

to the temperature at point 0 in Fig 2 Mass fluxes ( ,. H defined
bh the figure. have the index i it indicate the number of the ridge

S 2.5( • .5 and index / to indicate the isthermal surt•ace •ith which the% are

associated.

-.- .. . • . .. ... • l , ,1 I ....... • _ • ...
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asp II I hec, arc rcquired h\ c01111111l1\ hi the oh- , ( ./

,,er\ed disaplpealrance of colder isoil hici lis at nilhdlati- n
Iudes ( \\ orthi uglon and Wright 0'M. I the net lateral and then h\ conscr\ ation of-salt flux ac,• I he C ran, h

inllom, to a layer has no exit except across its upper Poin11

bounding isotherm. We note that there is diffusion ex- - .% X 1  t ,\0.
plicit in this schematic: an inflox% I to a la.er occurs
at the average temperature of its bounding isotherms. or
while the outflox ifI , occurs at the upper bounding \,), A, (), 4 \,O. (7)
isotherm temperature. For example, for I < 0 with the
expected ., . > 0. the resulting i1t increases with the There are therefore two homogeneous equations, (41
index /, and a downward diffusion of heat is required and (7 ). for the three 0,,. and consequentlh we can
for steadN state. determine various ratios between the 0, in terms of 0

1 pon reflection, the reader will recognize that gen- the measured slopes:
erall\ there must also be a diffusive component of tem- O, ,M - XI 03 X -X,

perature flux across each isothermal surface in each (8)
ridge, otherwise the temperature field could not be in 01 X, - A• 0 A3 -X 2

a stead\ state. To see this clearly one needs only to Values of these ratios computed from the slopes are
note that. for example, in ridge 2 there isa net negative given in Tables I and 2 along with estimated error. 0
d' adected into it from the south by the I, and yet The ratio 0,/0, is of particular interest because it
atj 0. een though it .,, > 0. the d;, -) so there can can be used to check against the available measure-
be no negative d' advected out of this ridge's top ments of fluxes into the North Atlantic along ridges I
through the branch point 0. Therefore, at ( 0 the and 2: the Denmark Strait overflow water (DSOW)
fluxes of temperature anomaly in all three ridges must and the Antarctic Bottom Water( AABW). A summary.
be entirclh diffusi% e. [hex may be denoted at I -0 by of the estimates of these directly observed fluxes is given 0

,. I he 0 fluxes without a / suffix are taken to have / in the next section, and the comparison is made.
0. Two of these temperature fluxes are known: Now we turn our attention to consideration of ridge

1 3 along which the populous volumetric classes of

01 - 1 1 - 12 NADW are arra.ed. This ridge extends from 2.0°("
potential temperature to 2.9°C (or 0' (I to 0.90) be-
fore it intersects other water masses from the Faeroe-

0, U, (d + ./2. (3) Iceland Ridge. Labrador Sea. and saline water masses *
at the base of the main thermocline. In the absence of
directly measured volume fluxes of either U;, or I'l,.

These xpressions have a paradoxical appearance. The we cannot distinguish between the diapycnal mass flux.
0, are diffusive, whereas the right-hand side is purely IV+,. upward into the thermocline and the isopycnal
advective. The third flux 0, is known by continuitN of advective flux. U,,. across the equatorial boundary of
temperature flux through the branch point 0: the model. •

-(), + 0,. (4) 4. Measurements of fluxes in waters described by

We can visualize the flux of volume and temperature ridges I and 2
anomaly •i' along ridge 2 from its cold end to where it At this point we introduce another type of data:
joins the branch point 0 in the following manner: as measurements ofadvective fluxes entering ridges I and
d' increases, volume flux increases and negative flux 2 at the northern and southern boundaries of the total

of temperature increases. At the branch point 0. where portion of the North Atlantic Ocean covered by the S.
d)' 0. the entire transport of the negative temperature ,d diagram in Fig. I. These provide numerical estimates
I)' becomes diffusive by definition. The same can be of J. if if 0. 02 at the branch point 0. We will then
said of ridge I. be able to see whether the ratio 02/0, computed by

Because of the linear form of the ridges, the assign- Fq. (8) from the slopes of the ridges agrees with the
ment of discrete salinity values to each value of/ differs ratio observed. This will give us some indication about
from those of the temperature in each ridge by only which of the direct measurements may be unrepresen- 0
the constant factor _,. If the turbulence that causes the tative of long-term means.
diffusive component of fluxes does not differentiate To be useful the quantities 0,. 0, (and possibl. N',.
between temperature and salinity, then the conserva- 4', for checking) need to be measured at sections as
tion equations for salt differ only by the factor A, from close to the origin of the plumes as possible, at the
those fi)r temperature. Thus. if the flux of salinity for northern and southern latitudes of the volume de-
each of the three ridges is denoted b X_,. we can write serihed in the census. These measured integrated fluxes

1P6 0 0 0

Sp p a
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of bottom waters (on ridges I and 2 ) across the sections 2324 25 26
22 21 20 19 110117 115 1441312

are regarded as purely advective-no diffusive process 15o0 1 1 I 11 I I 1
is considered. Because the thermal anomalies t9'., d_ _ 0J

and salinity anomalies S',. S, are all negative, the in- -7- •
tegrated fluxes 0,., 0,, V,. N, are also all negative. -6
ihus, the %olume fluxes into the North Atlantic along 2000 -- -
ridges I and 2 both carry coldness and freshness to the 5 -

NADW.

a Ruige 8 - .. . '"

Ross (1984) measured the volume fluxes of water -. -

of different temperatures in the DSOW along the con- 26
tinental slope of Greenland south of the Denmark Strait 3000- --- -
using current meters and h~drographic stations for -

geostrophic current calculations. An estimate of 0, " •..-•24_-
4.6 0 C Ss (relative to 2 0 C) was made graphicalls - .......

from Ross*% Fig.• (S - I=)1 m' s ).

lhe section occupied was close to the sill, and it
,eems that some of the cold %%ater on the section ma% -- - - --

actuallN be too fresh to sink to greater depths, so this 20
'alue of(l ) ma, be too large for heat tlux into the deep
western boundar\ current off (reenland. Dickson et 00oo<)

al.( 1990() ha~e maintained an arra\ ofinstruments off 1

*Angmagsalik across the current xshere it is deeper. An
estimate of'() from the current meters and a hxdro-
graphic section }ields 0I 2.4f'6(' S%. as sho% n in
Iable 3. 1

h Rid•e 2 5oo01 I 1
40*W 38. 36"

Whitehead and Worthington ( 1982. hereafter WW)
made detailed enumerations of the heat flux carried 1 i, 4 \ rtontouring oft the po•ential temperature distnbution

northw~ard hý the A 4'N b, two methods: cur- of thc 4 N %ect'on of \k hilehead and \orthington 1 19821 data a%nortwardby he ABW a 4° b,,two ethds: ur-ptoposcd hý %I'( artno• ( 11)(4a) to ,ho" nmore oI the deep "ater

rent meter-measured currents and temperatures and
geostrophic calculations from h.drographic data. I 'sing
columns 3 and 9 of their [able 3 we obtain 01, were located in the west and sampled at best onl\ the S

.48(' Sx (rom the current meter data and If western third of the flow. Ihe abvssal basin is about
1.45(" S\ from the geostrophic calculations. Both 350 km wide at 4'N: WW attributed their moored

of these estimates ma\ be too lo%,. and a detailed ree-marnnaton s g~enh\ Mc'atne ( 99-a),I h hao-measurements Ito a width of 84 km and implicitl% as-
ammnation is gien b) Me(artnex, t l93a 1I he ba ro- sumed /ero transport for the rest of the passage-about
clinic signature of the northward tlows of' AABW is .70 kmn 1 heir eastern mornng was placed atop a shoal
eastward-rising isotherms. and at 4°N. these till the and sampled onl as cold as 1.270 ( i a region shere
basin (|-ig. 4). the tmo current meter moorings used coldest temperatures are a%.287( (at agonut 25w) m

deeper than this shoal ). Whitehead and Worthington
attributed 70; of their total AABW transport to this

BI i I r, computed tir dutferig ranges ot deep iater mooring. which. lea% ing aside the issue of the width
that mooring can he attributed to. would appear to be

d range (01, 2 • transport transport biased warm, lhe other mooring. xsith 30'; of the
I ( SI iSa XAABW transport. showsed a pronounced decrease in 0

northward speed towards the bottom, about 62";. I his
* 2 shear disagreed with the northssard geostrophic shear

2 0 24t, 4 06 from bracketing h'.drographic stations, which shos
2 I M ( 48 northward speed increasing towards the bottom. Ihe

'.0,1 9141 simplest explanation is that the mooring represents the
"flo• from a narrower region than the distance between



(.1t si 1')93 NOT FS AND CORRESPONDI N(t 1891

the hydrographic stations sampled. In addition, while Figure 5 shows the results of a recent recalculation
the mooring showed northward speeds decreasing near of the geostrophic volume transport for the WW 4°N
the bottom about 62",. the vector velocity magnitude section (Fig. 4), focusing on the effect of th. selected ,
decreased here only 35", while veering fight about 52', level of no motion on the total solume transj on. Here
suggesting topographic steering of the deepest flow. WW estimated 1.98 Sv using a level of no riotion of

We regard the current meter results as underesti- I.9'C; the new calculation gives 4.42 S% for that same
mates ofthe total %olume transport and as warm biased level. Reexamination of WW's original calcu ation re-
as to their heat transport. For the current meter data cords shows a computational error at the caste, n station
one factor in the underestimation of heat transport is pair 16-15 that contributes 0.96 Sv It) the d fference
the underestimation of volume transport, due to the Our new calculation does not use this stai n pair at
restriction to the western fourth of the basin and the all because it has topography intervening imat com- •
measured decline of northward speed towards the bot- pletely penetrates the AABW. Various othor things
tom. rhe other compounding factor is the warm bias contribute to the remaining difference of' 1.5, S% prin-
in the estimate of the temperature being transported: cipally invol' ing differences in estimation of'ranspori
at the western mooring due principall\ to the decrease in the bottom triangles of hydrographic stat Nn pairs
in speed with depth, and at the eastern mooring due These are discussed bh McCartne, ( 9l93a) I or the
to the mooring sampling only the wkarmer le~els of the present purpose "e use the corrected WW' transport of
.\\XBVW. For both moorings the coldest waters in the 2.94 S% as a lower bound and simpl. scale their heat
attributed areas Aere assumed not to be moving. Fhe transport upward b\ the factor 2.94,' 1.98 to obtain a
ef.iects of the speed decrease with depth would be con- lower bound on the heat transport of 2.1 5(" Sk I oi
siderabl. reduced if \ector Nelocit \,ere used rather a second estimate. the maximum ,\ *%BW transport
than northward speed, since it is the total flow of from Fig. 5 is used that occurs tti a deep lefel of no
A ABW along its stream tube that is important, not the motion at 2.(. 4.61 S\. which carris a hat trans-
local orientation of that tube. As noted above, the port of 3.11 o(.S%. Finally. lbr an estimate ofan upper •
%ector magnitude at the eastern mooring did not de- bound. wxe choose a level of no motion of 3.7 U gismg
crease nearlk so much with depth as the northern com- a transport of AABW of 5.13 S\ carr, ing a heat trans-
ponent did. port of 4.t00 C S%. Such a shallow' le\el of no motion

gises a more g~relikc aspect to the deep water circu-
lation as discussed by Mc'artne (I 1993b).

"I • 0
5. Computation of A',1/01

",O-nsro, o 4A48W In [able 4. the \alues of X,/(), computed from
older ?hGn 9- 191C % arious values of 0, and 0(-according to (8)--

I are shown. [hese are to be compared to X, 0.065
L psu o(. ' as determined from the X., d diagram. All

'.alues of14, /(); computed from published temperature
anomaly fluxes along ridges I and 2 are lower than the
observed X, and we conclude that one or more of'the
measured fluxes is not representative of the long-term
mean. As discussed in section 2. we suspect that the
published estimates tor 0, are too small Our conjec-
ture that the long-term mean 01, is in the range 4.0 0
< 0• < 3. 1(S\ to \ield a value ofl,/(), consistent
A, with 'X. This larger \alue of(), could be confirmed b>
further direct obser\ations of the fluxes in ridge 2.

S L <DCI 44/tU5 36

S4o */6. Estimate of the vertical diffusivity at 0 2.0 0C

Our conjecture of the flux of potential temperature
- 4-, anomal. along ridge 2. together with the measured flux

1,- "d iz f vot V,-,. '-•v along ridge I, . ields a total flux of potential temperature

I I(, ReaikulItion o gleir.,phL •lolumn tranrpn itcrovs4 N anomaly relative to d 2.O of 5.9(" S%. By definition,
.t~ion 0 ig 4) .j_ 1 tunoron ot the p•Itntial temj'rature i,.rtherm this is a diffusive flux at point 0 ( 2 0 (). so that we

Lhtown a thc leel of no motion can estimate a thermal diffusion coefficient:

0 0 0 0 0 0 0
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- -- __________ -- ~-- -- at 4 N in the ikstern hasi n (if the \i ii h Nitan? it ()caji I

(IItcurrent meter) (' 0 11411 Ri's in press
0 4? (.023 0(1)17 11.02 1'~ . 4 tbIhe crossing ofthe Lquator h% the deep \%estern hound-

It If (corrected geostrophic) ar\ current in the %ectern Atlantic Ocean. J Phi s Oteanier,
I 4S 0.044 0,031 0.01Y 211.1951-Y 7 - 4

Our ne%% (deep reference 2'C) . S i ennett and N1 I % oodgale-Jsines. 199)1 FLastsard Ihmo S
31 11 0.002 0.047 0.()56 t hrough the Mid- 'Stiantit. Ridge at I I 'N and It% influence on

Our neit (middepth reference 3.2'C) the ahass, of the eastern hasin J Ph i %i caottv 21. 1089'-
4XIE 0.068 0.053 0 062 11t21

- Ross. ( K . I 954 1 emlivraiure- satinua characteristics of the "useir-
(loss 'Aiter in cikniark Strait during "M5 RI 0I5I5 "

R Pit ,l', I Reimt ( mi M-'ipt, Int I. xp t 11o I185. 1 1 I

A'1 Saunders. P' 461 11000t( old utiluis ftonm the I aroc Bank ( hannet

s~~here4 .1i h ae fIait.-i H. I .1 , eel Stelanssiin and i Herman. 916' Iempcr-

whee 1 i te aeaofthe 20 potential temperature aturean aini\diibuin andter masses (it the reglio
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