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too faw cbhservationa in many areas, particuiarly the narrow
channels where cceanographic ocbssrvations are difficult to
achiesve. Other factoras which must be studied are the seasonal
aspecta of the water characteristics and circulation. Aa yet
even with the efforts of "Labrador" and other ships it 1s only
poaslbla to hint at whether some of these conditions are

permanent, ssasonal or sporadic.

PREVIOUS STUDIES

Many notable expeditions have been made to Hudson Bay
but faw have snterad this region for the purpose of undertaking
both oceanography and fisheries. It was not until 1830 when
the Hudmson Bay Flsherles Expedltlon waa organized that both
tnaks weare undertaken on a large socale in this area. A
comprehsnsive fleld program waas carried out fto ascertaln
fishariss possibilities, and the blological, physical and
chemical conditions of the waters of Hudason Bay and Hudson
Strait (Hachey, 1831). Reference to the accomplishmenta of
this Expedition esre too numercus to list and the reader is
advised to refsr to Contributions to Canadlan Blology, 1930,
1931, 1832 and 1833.

Since the 1930 Expedition only scattered ccsanographic
observations have been made in Hudson Bay by "Haida", "Calanusl
and "Labrador" (Bailey and Hachey, 1951; Dunbam 1958; and
Campbell, M3 1958), Two recent expeditions have been complated
by "Calanus" and "Labrador" in Hudson Bay, and their work may

provide an additional contribution to our present knowledge of



the region.

Oceanographic studies in Foxe Basin and Foxe Channel havs
bsen undertaken by a number of expedlitions but in most cases
the work has been restricted by heavy ice. It 1s only within
the past few years with "Labrador" available that virtually
all areas of Foxe Basin could be explored (Campbell, 1958).
The circulation in Foxe Basin and Foxe Channel consists mainly
cf a strong southerly current slong the western slde of the
basin and channel (Parry, 1824; Campbsll and Collin, MS 1958).

In Hudson Bay the circulation 1s principally a counter-
clockwise sweep of water around the bay with the strongest
currents occurring along the eastern perimeter (Hachey, 193la,
and 19353 Dunbar, 1951). On the western half of the bay the
currsnts are comparatively slow and distributed over a much
wider region than on the sastern side.

The circulation in Hudson Strait consists of a dominant
outflow along the southern side of the stralt and a weaker
inflow of Atlantlc water along the northern ailde (&mith,
Soule and Mosby, 1937; Campbell, MS 1958 ). Current
continuations of the Atlantic inflow contribute In part to the
cutfliowing waters on the southern side of the stralt and to =
west-moving current beyond Big Island. The latter current is
baliesved to be made up of waters originating from the Atlantlc

intrusion, Hudson Bay, and Foxe Channel.

PHYSIOGRAPHY

The land masses and islands of northern Hudson Bay are

made up chiefly of Precambrian and Palaeozoic regions (Fig. 3)



The Precambrian formations are found on Baffin, Mil1l, Salisbury
and Nottingham Ialands, northern Quebsc, and the northeastern
aldes of Coats snd SBouthempton Islands. The Paleeoz -i¢ areas
cover most of Bell Peninsulas and Coata lgland end sll of

Mansel Island (Geological Map of Ceneds, 1955). The Precambrion
rock formatlons are generelly characterized by a rugged, unavan
topography, and when vliswad from the sea they appesr sbrupt and
stesp-gided. In contrast, the Palmeczolc land structures

appear mach more subdued in relief. All of thess general relief
characterlistics are found in the bottom topogrephy. Off M111,
Salisbury, Nottingham, and Dlgges Ialands the bottom is unsven,
and rugged, while off Bell Fenlnsula it is relatlvely amocth
gnd unbroken {(Fig. 3). Abrupt changes in the character of the
bottom and depth appear only in Foxe Channel and the northern
end of Hudson Bay. In these reglons depths of the order of

300 matres are found (Pig. 3). However, the bottom in the
northern end of Hudson Bay diasplays more of the subdused
charascteristica typleal of Hudson Bay than Foxe Channel, Foxe
Channel axhibits the same type of uneven femtureas as Hudaon
Strait.

The bottom, north of Coats and Mansel Islanda, despens
conglderably towarda Hudson Stralt where depthas of 300 - 400
metres are found off Dlgges Islands, However, towarda Foxa
Channel the bottom shallows to form & narrow ridge that extends
from Bell Paninsula to Nottingham Island. The ridge 1s
ralatively shallow and flat immedlately off Bell Peninsula, but
offshore it gradually narrows and becomes uneven as the Palasozole

bottom forms glve way to Precambrian formationa.



OBSERVATIONS AND RESULTS

Northern Hudson B&f

Temperature and saiinitye: The 1955 oceanographic program
of "Labrador" commenced in Hudson Strait in early June and
continued through Hudson Bay to Evans Strait (Fig. 4 and 5).
Alil of this work was carried out at a time when heavy ice
conditions prevailed in Hudson Stralt and Hudson Bay. The
timing of the survey in relation to the ice conditions was
guch that the temperature and salinity regimes may be considered
as very nearly typlcal of late winter conditions. Under these
conditions near extreme values of temperature and salinlity were
obtained at subsurface depths. Temperatures appeared to be
aimcst at minimum values while the salinities were at meaximum
values. Many of the stations were occupied in "open pools" or
"polynas" and hence surface and near surface salinities and
temperatures vary over a wide range and are atypical of
conditions in general.

Temperatures in Evans Stralt were found to be low in
general, with surface values ranging from =0.10 to =0.80°C
{Fig., 5)o At 20 metres temperatures dropped sharply to values
off «1,50° C and less. Salinities were not unusual for the
surface (31.5%), but at 30 metres they were relatively high
(33,0%), Conditions near Hudson Strait were quite different
with surface temperatures almost approaching 1.0°C. Cold water
such as that found near the surface in Evans Stralt was found
only at depths of 75 metres and greater. A gimilar situation

oceurs for the distribution of salinity. Values of salinities



confined within the upper 40 metrcecs at BEvaps Strailt are found
distributed throughout the upper 150 meires of the water column
at Hudson Strait (Fig. 5). The smail tempefature gradients
found in Hudson Strait develcp through the combined effects of
the sgpring thaw and the northward transpart of relatively warm
water from southern Hudson Bay. The disappearance of ice 1n the
southern part of Hudson Bay permits warming of the waters of
the north-vound current. In addition, this current also
carrieg large wdlumes of surface-freshened water, and as & result
surface salinities off Digges Isiands are 1low, 30.5% or less,
compared with values of 31.5% or grezter In Evang Strait.

A comparison of the temperatures below 50 metres reveals

siightly warmer water off Digges Isiands [-1.25 to «1.50°C)

than in Evans Strait (-1.75 to 1.819C} (Fig. 5). However, in
the central area the temperature of the deep water remains
relatively constant at approximately -1,.5C%C, but below 250
metres at stations 42 and 43 a large mass of water was found
with a temperature of -1.269C, This formation 33 beiieved to
be a remnant patch of water that has remained over from the
previous year, This is deduced from the clonge sgimilarity of
temperature and saliniby conditions found in the arca in the
late autumn of 1956 (Fig. 6) and aiso in Hudson Strait in 1955
( Campbell, MS 1958). The cccurrence in the spring of water
with such temperatures is perhaps indicative of at least one
of two other factors «- very littie movement of deep water
during winte», and a prcbable lower limit of winter cooling

and mixing at approximately 250 metires,



The cold relatively high salinity water massea lylng off
Southampton Island in Evans Stralt at depths of 50 metres or
more are not Tound elsewhare in this section. They are found,
howaver, In Foxe Channal, This relatlionship immadiately ralses
tha gquestion of how the cold high sallnity water 1s brought into
Evana Strait and Hudson Bay. I% could be introduced into these
reglona by a stesady current or an Iintermittent spillover from
Fexe Channel, or even form locally in the northwestern section
of Hudson Bay. For the pressnt there is too 1ittls dynamie
avidenss to base firm conclusions,

The distribution of tempearature, salinity, and density
indicates o change in characteristics of the water at Station 44
in Hudson Bay (Fig. 5). To the west of this station the water is
coclder and more saline than that to the east. The cold saline
water wast of atation 44 appears to be a mixturs of watsar from
both Foxe Channal and Hudson Bay because off Southampton Island
the watera mix and aink into the basin at the northern end of
Hudson Bay. As a result of thia phenomenon atrong slopes of ths
isopyenal surfaces are created at depths below 50 metres. The
raverse alopes sast of atation 44 appear to be related to a
strong deep inflowing current that has been detscted in Hudson
Stralt betwesn Nottingham and Digges Islands (Campbell, MS 1958 ),
An apparent surfeace extenslon of this current 1s really another
pheanomenon related to an eddy formation centred east of atation
42.

The relatively warm low salinity water lying within the
surfacd laysr sast of station 44 1s Hudgson Bay water that has






per mille lower in October than in June. Such changes can be
expacted in July and August when ice melts and river run=-offs
are greatest, but Creshening of both surface and deep water
as late as October indicates the retention of large volumes of
fresh water in the bay. Mixing processes carry tﬁe fresh water
to deep depths resulting in a depression of salinitys. This 1s
qulte evident 1In the central and eastern parts of northsrn
Hudson Bav where salinities have decreased over the summer
throughout the upper 100 and 150 meitros. Below these depths,
salinities remained relatively wdisturvbed throughout the summer.
One other oceanographic section was occupied in Hudson Bay
in 1955, A gsaction across Evans Strait was first occupiled in
July and reoccupised in Octcber, 1955 (Fig. 7 and 8). The July
survey (Fig. 7) reveals another area comparabls to that in
Hudson Bay whers temperatures were below -1.75°C, These
temperatures are seen to cover a major portion of the strait
bvelow 30 metres. Salinlties, however, were not unusuval, ranging
only from 31.0 to 33,0%, The salinities compare favourably to
those in Juns for the northwestern section of Hudson Bay (Fig. 5)
The possibility that the cold water orlginates in Foxe
Channel has been mentloned, but the unexpected feature of the
results from this section is the lack of any correlation with
a flow of water from Foxe Channel, Formation or intrusions of
water from the northwestern section of Hudson Bay are possible,
but as yst no obssrvations have been taken to indicate such a
development (Dunbar, 1958). A resurvey of the Evans Strailt

section in October revealed a clearly defined westerly flow



below 30 metres which presumably originated in Fcze Channel
(Fig. 8). This evidence suggests the possibility that the
westerly current is perhaps associated with summer condltions.
On the other hand, the observations in July could be 1ndicative
of winter ciréulation patterns which are not known or understood
at the present time.

The summer changes of temperature and salinity are
significant for this section (Fig.7 znd 8} . Minimum temperatures
which were approximately ~1,85°C in July were about -1.50°C in
October. Changes of temperature within the surface laysr over
the same period of time were about one Centigrade degree.
Surface salinities were higher in October than in July, indicative
of the disappearance of brackish surface water. However, the
dilution effects of melt water and fiver run=-off were still
apparent at the lower deptha, Dilution of waters down to 80
metres or roughly to the 33.0% ischalire was evident in October,
but in July only the surface waters showed any sign of dilution.
At this time, the 33,0% isohaline was located at approximately
50 metres depth.

Currents: The coastal current along the esstern shore of
Hudson Bay transports large gquantities of warmed surface-
freshened waters northwards.(Hachey, 1931a). Consequently, low
salinities and warm waters can be anticlpated during the summer
off the northeastern tip of Hudson Bay and along the south
¢oast of Hudson Straili., Some effects of this current have been
referred to previously but it is interesting to note several

changes which occurr in the distribution of properties. In
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October, for example, the 31.0 and 32,0% iaohalinss wera located
between the surface and 90 metres (Fig. 6), but in June the
corresponding lsohalines were loceated bstween the surface and

30 metrea (Fig. 5). Similarly, subsurface temperatures

(=1,0 and =1.25%°C) 4in Juns were confined to depths lsss than

75 metres, but In October these temperaturea extended to depthsa
wall below 250 metres. These changes can herdly be attributed to
local heating but must evolve with the gradual warming of water
in Hudson Bay and transport northward.

The mean slope of the lsopyenal surfaces In October 13 such
that a northerly flow of water extends almost across ths whole
breadth of Hudson Bay (Pig. 6). Thia movement of water 1a
gconslidered to be a summer phenomenon arising from the warming and
freshening of Hudson Bay, The winter or spring counterpart is
represented in the June survey and 1t can be seen that the
northward movement la confined to the weat central section of
the bay (Fig. 5). 3trong inflowing currents appear on the
eastern side of the bay in June between 50 and 250 metrea (Fig. 5)
but in Octobar such flows are restricted to & small reglon
beatween 60 and 150 metres east of Mansel Island (Fig. 6). Ths
inflowing currents are made up of water from Hudson Stralt and
pontain mixtures of Atlantlic and Foxe Chaonnel waters (Campbell,
MS 1958 ). From all the data the writer has studied for this
area 1t appears that this current 1a strongest In thes winter
and weakest in ths summer,.

Dunbar has reported a small southerly surface current east
of Coats Island for August, 1863 (Dunbar, 1858)., The results of
the 1955 cruise for October suggeat a aimilarly directed flow
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but at depths below 50 metres, At this time the surface movement
appears to have been northward (Fig. 6}. It seems unlikely that
these currents are permanent features of the circulation in
Hudson Bay, but rather an outcome of the relative strengths of
the currents in Figher and Evans Stralts and Foxe Channel.

The two sections across the entrance of Hudson Bay (Fig. 5
and 6) indicate shallow inflows of water west of Digges Islands
down to depths of 30 and 50 metres. These results are surprising
because strong oubtflowing currents have been reported in this
region (Sailing Directions for Northern Canada, 1951). These
currents could perhaps be agsociated with large eddles or an
inshore branch of a return circulation. There is, however, a
strong outflow down to depths of 150 metres through Digges
Sound and around Digges Islands.

Bvans Strait 1s a region where significant variations heave
occurred with oceanographic observations. The observations taken
in July indicate a weak easterly movement of water in the centre
of the strait (Fig. 7). However, in October of the same year
two currents appeared to be present on the northern side of the
stralt, one an easterly directed current essentially confined to
an upper 30 metre layer and the other a westerly current
limited to deep water. The westbound current extended across
the strait and upwards to the surface off Coats Island. The
current on this side of the strasit appears to bse much weaker
than on the Southampton Island side (Fig. 8 ). The July survey
of 1955 (Fig. 7) bears out Dunbar’s contention that a
northeasterly flow 1s experienced in Fisher Strait (Dunbar,

1958) . The conflicting results which we now have at hand
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point to the fact that the currents in this region are far from
being positively identified. The possibility of seasonal
variations of the curwvent flows for summer and winter months
appears very likely.

Southern Foxe Chaqnel

Temperature and Salinity: Following the July observations
in Evans Strait the oceanographic work was concentrated in Foxe
Basin and the northern halif of Foxe Channel., The ship returned
to the southern limits of Foxs Channsl in August and three sections
were occupied, from Bell Peninsula, via Lloyd Point and Mill
Islend to Leyson Point, Southampton Ysland (Fig. 4, 9, 10 and 11).

In two of the sections across Foxe Channel deep water was
found with temperatures below -1,75°C (Fig., 9 and 10).
Salinities were carefully checked at alil depths where thesge
unusual temperatures were found and valuesg exceeded 33,75%,
Both conditions are markedly different from those observed in
Hudson Bay (Fig. 5 and 6). Bottom temperatures and salinities
were appreciably lower and higher respectively in Foxe Channel
than in Hudson Bay (Fig. 5, 9 and 10) despite the fact that the
surveys In Foxe Channel wers two months later than the first
survey in Hudson Bay., The different characteristics of the
water are attributed in part to the source of the water, and
also to the fact mat the ridge betwsen the two bodies of water
(Foxe Chemnnel and Hudson Bay) preventsa free éxchange of
bottom waters,

The overlying surface waters of Foxe Channel showed some

variations in temperature. Surface values of 0.0 to 2,0°C



occurrad along the scuthcistern tip of Southampton Island while
across the channel surface temparatureas were of the ordar of
-0.6 to =0,75%C (Fig., 9 and 10), Beneatn the surface laysr
particulariy in the central and western reglons, there is a
sharp transition within 20 to 40 metres, to cold water with
temperatures ranging from =1.25 to -.,50°0C,

The surface-{reshsned waters on the westein side of Foxe
Channel are agsociated with the warmest water, while acroas the
channel almost l1sothermal and isohaline conditions accur
togather (Fig. 9).

At statlons 103 and 104 in Foxe Chennel (Fig. 9) some of
tha jsotharms and 1schalines curve upwards into the surface
layar while others curve downwards into deep watar., This
unusudal characterigtio seems to be typical of the area alnce
it has been obssrved at a number of other sectlons, always
immediately off Foxe Faninsula (Campbell and Collin, NS 1958),
In this region the water conditions c¢an be typed by 2 small
variation of temperature and salinity throughout the water
column. Between stations 1053 and 104 tha salinity and
temperature variations are only 1.0 part par mille and 0,75
Centigrade degrees respectively, batween 10 snd 130 metres
(Fig. 92). At statfion 104 the =alinity range in the upper
150 metres is even less, of the order of only 0.3 parts per
mille. Station 107 (Fig. 10) is outside this peculiar region
of uniform conditions and the distribution of temperature
and salinity conforms more neariy to the distribution on the
wastern gide of the channel, The sbove described phenomena

are beliseved to be agsociated with the intsnse turbulenpge
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that develops with flood and ebb tides. Evidence of the
turbulence can be observed on the sea surface, where countless
surface eddies form; these are visible for miles. If ice is
present the floas are get into circular motion presgenting an
eerie scene to the observer.

The cold deep waters are characterized by unusually high
galinities, Bottom salinities in the southernmost section of
Foxe Channel (Pig. 10) are 33.50 to 33.75% , considerably
higher than those values found in Hudson Bay (Fig. 5 and 6).
However, these values are not maxima for Foxe Chamnel asg bottom
salinities continue to increase northward through Foxe Channel,
Values found in the section, Terror Pt. to Lloyd Pt. (Fig. 9)
were 33.50% at 200 metres and 33.80% near the bottom., Further
north, in Foxe Bagin, salinities were found of the order of
33.95% at several stations. In all cases where these extrems
gsalinity values were obtalned temperatures were exceptionally
low,

The distribution of the cold high salinity water is confined
to the central and western regions of Foxe Channel. Subsurface
salinities and temperatures on the eastern side of Foxe Channel
tend to be less extreme than those 1n other areas of the
Channel, Differences ars particularly noticeabls for the
sections Mill Island to Leyson Pt, (Fig. 10} and Lloyd Pt. to
Mi1l Island (Fig. 11). The lowest temperature found between
Lloyd Pt. and Mill Island was only =1.50°9C, while the hizhest
salinity was just over 33.,0%'. Tnis section (Fig. 11)
reveals temperaturse, salinity, and density distributions that

are allke and very nearly uniform from top to bottom. The
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horizontal gradients are well-developed and not unlike the
conditions mentioned earlier for the turbulent waters off
Foxe Peninsula. The cause of these peculiar distributions
of propsrty appear to be a combination éf turbulence and
currents.

This area of Foxe Charmel was resurveyed the following
year in August with the network of stations expanded to
Nottingham Island and Seahorse Pt., Southampton Islaend (Fig. 4,
12, 13 and 14).

The observations of the 1956 survey indicated almost a
complete absence of the cold bottom water that was so prominent
the year before. A few obssrvations of temperature as low as
<1.75°C were recorded in Foxe Channel in the same general
area and depths as previously, but nelther these temperatures
nor the salinities indicated any appreciable volumes of cold
high salinity water (Fig. 9, 10, 12 and 13).

Apart from the characteristlcs of the deep water the
distributions of temperature, salinity, and density in Foxe
Channel are similar for both years. Low temperatures wers
gtill featured in 1956 at all depths below 75 metres., Howsver,
cold water cells of -1.50°C were located betwesen 50 and 100
metres in the two sections, Bell Peninsula to Foxe Peningula
and Foxe Peninsula to Nottingham Island (Fig. 12 and 13). It
was possible that these sectlons intersected a cors of cold
water that extended at least throughout the southern part of
Foxe Channel, The core of cold water is located in a region

that would be axpected to be the lsast affected by the currents,
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judging from the slopses of the denslty surfaces. It is
conceivable, then, to expect these formations to remailn
relatively unaffected by water movement 1in the channel,

The surfacse coastal waters off Southampton Island were
again warm, but not to the same extent as the year bsfore,
Coastal warming of the water 1s pogssible and the mogst likely
area where Inshore warming could take place is East Bay.
Howsver, extensive 1ce fields lylng along the Southampton
Island coast in 1958 probably inhibited any possibility of
coastal warming., The cell of warm water, located at a depth of
20 metres betwesen Nottingham Island and Seahorse Pt. (Fig. 14),
13 unusual and posslbly is related to similar condltions in
Hudgson Bay and Hudson Strait near Digges Islands (Fig. 6).

Salinity conditions in Foxe Channel (Fig. 9 and 12) do not
show any noteworthy departures for the two surveys except in the
deep water, where salinlitiss were much greater in 1955 than 1956,
By and large 1t can be expected that lower surface and subsurface
salinities will appear on the Southampton Island side of Foxe
Channel than off' Foxe Peninsulas, since on the eastern side
turbulence carries high salinlty water from deep levels to the
surface.,

Currents: The exchange of waters between Foxe Channel,
Hudson Strailt, and Hudson Bay 1s complicated by the number of
narrow channels and the bottom configurations. However, 1t is
relatively easy to sstablish that there is a strong
gsoutheasterly flow in Foxe Channel along Southampton Island

(Fig. 9 and 12) (Parry, 1824; Campbell and Collin, MS 1956).
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This current extends to considerable depths being quite broad
and extensive In the uppermost layers of the channel. For the
main part it parailels the Southampton Island coast until 1t
intersects the ridge between Bell Peninsula and Nottingham
Island. In this reglon the deep portlion of the current 1s
deflected towards Hudson Strait. The upper current strata may
also be similarly directed with a branch of the current posgibly
aweeping into Hudson Bay and Evans Strait,

In the central and sastern part of the oceanographic sections
in Foxe Channel (Fig. 9, 12, and 13) the isopleths glope sharply
downwards toward the eastern slde of the channgl, indicative of
a northward movement of water, The geographical 1limits of the
current are well-defined in Foxe Chennel, but towards Hudson
Stralt it is difficult to precisely establish the exact
boundarles of the current becauss ths turbulsnce of the waters
makes it virtually impossible to give a simple Intsesrpretatlion
of the data.

The region lying between Foxe Channel and Hudson Strait is
the least known area because the oceanographic plcture 1is
compllcated by tidal currents and turbulence created over the
tneven bottom. Turbulence and vertical mixing are congidersd
to be extremely important because the mixing of the water
intensifies and partly maintainsg the strong slopes of the
isobaric surfaces. The inflow of water from Hudson Stralt to
Foxe Channel appears on both sides of Mill Island (Fig, 10 and 11}
It 19 a deep current.and ls confined to depths below 50

metres., Outflowing currents from Foxe Channel directed towards
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Hudson Strait occur below 50 metres on the northern side of
Nottingham Island and above 50 metres on the southern and northern
sides of Mi11l Island and down to depths of at least 50 ~ 75 metres
cloge inshore along Foxe Peninsula (Fig. 11 and 13).

Characteristics of the Cold High Salinity Water

The unusual temperatures and salinities found in Foxe
Channel and Foxe Basin are Intriguing aspects of the oceanography
of the area, Several questions éan immediately be railsed about
the origin and formation of the water in view of the fact that
this type of water was not found in either Hudson Bay or Hudson
Strait.

Distriﬁution? For the most part the extreme values of
temperature and salinlty were conflned to depths of 200 metres
or more 1in Foxe Chamnnel. The distribution of the temperature
and salinity at 200 metres depth is shown in Flgures 15 and 16
for the channel, Hudson Bay, and Hudson Strait. The shaded
portions of the Figures represent reglons of depths less than
200 me tres,

The differences of water temparatures at 200 metres in
Foxe Channel, Hudson Bay, and Hudson Strailt range from -1.73
to -1.85°C in Foxe Channel to =1.50 and =1.,69°C in Hudson Bay
and ~1.45 to =1.51°C in Hudson Strait (Fig. 15). Salinities
differ as well, they are significantly higher in Fozxe Charnel
than either Hudson Bay or Hudson Strait (Fig. 16). Salinities
varied from 33.30 to 33.87% in Foxe Channel compared wish
33,10 and 33.26% for Hudson Bay and 33.20 to 33.35% for the

woestern end of Hudson Strailt.
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Differences of temperature and salinity at depths below
200 metres are even greater than thoseq described, In Foxe
Chamnmel, for instance, temperatures dropped to values of ~1,86
and lower (-1.96°C) while salinities varied from 33.85 to
33.95% and at one station to a value of 34.04% In contrast,
temperaturs and salinity conditions in Hudson Bay and
Hudson Strait remained relatively unchanged from 200 metres
to the bottom. The only significant increase of salinity
occurred in the westsrn end of Hudson Strait where salinitles
of 33.35 and 33,40% were found.

Temperatures and salinities in Foxe Basin varied considerably
within normel limits, but abnormal temperatures and salinities
were found as in Foxe Channel. At ome station in Foxe Basin
a bottom sample of water was tsken with a temperature and
salinity of -1.98°C and 34.075’, respectively, Similar water
characteristics were found elsewhere in Foxe Basin, but only
within the southern areas of the basin. Depths of these stations
wera less than 100 metres in contrast to the depths of observations
in Foxe Channel. From these results it would appear that there
is an obvious contlnuity of water conditions in Foxe Basin and
Foxe Channel, but not in Hudson Bay or Hudson Strait. The
explanation for the lack of continutliy of these water conditions
in Hudson Bay is besed on the existence of the ridge between
Southamp ton and Nottingham Islands. This ridge apparently
prevents a free exchange of desp water between Foxe Channel
and Hudson Bay. Nevertheless, there is evidence revealing an

occasional spillover of cold high salinity water into Hudson
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Bay and Evans Strait (Pig. 5 and 7). Reference to this
phenomenon has been made earlier in respect to the correlation
of the tamperature and salinity data for Evans Stralt and

Foxe Channel.

The exchange of waters between Foxe Channel and Hudson
Stralt takes place freely and one might logically look for
evidence of the cold high salinity water in Hudson Strailt.
Sallnities greater than 34.00% have been found only off
Ungave Bay and at the eastern end of Hudson Strait (Campbell,
MS 195¢ ). Temperatures, however, were comparatively high
(=0.75 to 1.00°C),

The absence of any appreciable amount of cold saline water
in Hudson Stralt can be explained if the water originates in
Foxe Channel. Turbulence in the narrow channels between Foxe
Channel and Hudson Stralt 1s of such intensity that the
characteristics of a water column are changed. The resultant
water conditions are not unlike those described for the waters
off Foxe Peninsula (Pig. 11).

The distribution of the water is 1limited to Foxe Channel
and Foxe Basin, and either region is a 1likely source of the
water. Hudson Bay and Hudson Strait cannot be complately
excluded, but it has been shown that both areas contain waters
of relatively low salinitles, and high temperatures. The
circulation in these rsglons could condoivably carry cold high
salinity water into Foxe Channel, but 1t is highly unliksly
that one could account for the higher salinitlies and colder
water in Foxe Basin than in Foxe Channel. Concluding from

these facts that an invasion of cold high sallnity water is
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improbable for Hudson Bay or Hudson Stralt, there 1s atlll the
poasibility of an intrusion of this type of water from the -

Gulf of Boothia. D¢aanugraphic data are not avallabls for this
area in 1855, but In 1858 extenalve surveys wers carried out

by "Labrador" in the Gulf of EBoothia and Prince Hegent Inlet.

No obaservatlons of comparabls tempersature and salinity
relationghips for elther the Gulf of Boothia or Prince Regent
Inlat approeched the values referred to In thls report for Foxe
Basin end Poxe Channel (Collin, M3 1958), Further, it has besn
found thet the tempsratures and salinitles in northern Foxe Baszin
are not unusual (Campbell and Oollin, MS 1956)., These conditions,
therefore, lsave an ares within Foxes Besin and Foxe Channel

whare such water is found.

The walidity of the bamparaturs obaervations is admittedly
open to gueation and Dumbar (1958) has pointed out the possibility
of thermometer malfunctlon. A restudy of the results was
undertaken and it was found that the low temperatures wara
observed at 52 oceanographic stationa, #All the tharmomatars
usead were new and the ocbservationa under gquestion were recordsd
on six thermometears. DMWNoreover, at a numbar of stations
aggentially the same low temperature obaservationa were made on
two and three thermometers. It can be aeid thet such thermometers
are in error, but the occeyrrencs of the unusually high salinlties
at the sams depths and statlons forces ones to conslder not only
the wvalidity of the temperaturs cbsesrvatlions but also of the
salinity chbaervationa, It 1s falt that both are intimately
ralated and are trus measures of the temperature and salinity

of tha waters in Foxe Basin and Foxe Channel.
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Origin: In order to satisfy the geographical limits of
the distribution of tha cold high salinity water and the
temperature-salinity correlationz is iz felt that there must be
gsome mechanism or mechanisms of water formation peculiar only
to Foxe Bagin or Foze Chamnel. Ccoling and freezing processes
can lower the temperature and increase the salinity but a lower
iimit is established by the formation of ice. This mechanism,
in order to be self-gensrating, requires open water where either
turbulence or wind constantly remove the ice that is formed when
freezing takes place, These processes undoubtediy occur in the
Aretic, but it is unlikely such a system can remain selfe-gensrating
over the winter or on a large enough scaie to produce the quanility
of cold saline bottom water discovered in Foxe Basin and Foxe
Channel, Super cocling of water 1s posgible, but agaln it is
unlikely such a phepnomenron can remain self-generating on the
scale required,

Geographical factors peculiar to Foxe Basin lend themselves
to a hypothesis that the cold saline water might be formed by the
freezing of water on the %ide flats, Foxe Basin contains about
6,000 sq. miles of tidal flats which represents almost one temth
of the basin area, In some regions such as Bowman Bay the width
of the tidal flats is of the order of 6 miles.

Under the sppreopriate meteoroclogical conditions cooling
and freezing of water could take place on the tide flat bottomse.
The rise and fall c¢f the tide will alternateiy expose thsz tids
flats to cold atmespheric conditions and marine conditions
roegardless of how much ice is formed, It is seen that there are

two independent processes taking place. The replacement of sea



water on the tide f[lats by tidal action, and the chilling of
water by 1lce and tide flats after sxposure to saveres metesorological
conditions at low tide, The freezing out of fresh water will
naturally Increase the salinity and d%presa the freezing point.
These processes continually repeated over the tide flats
affectively remove and store fresh water in the form of 1ice.

Winter air temperatures for Foxe PBasin are very much lower
than the freszing point of fresh watsr, The mean January dally
temperetures, for example, are approximately -22.0°F (Thomas, 1953)
Megn dailly air temperatures for December, January, and February
are slightly higher than this value but still sufficiently low
to maintain freszing conditiona.

As long as low air tempersatures occur during periods of
low tide there will be freezing surfaces available for incoming
flood waters, The growth of i1ce will be accompanied by ths
formation of brine cells and brine pools of higher concentrationa
of salt than the original sea water. The escapement of ths
"brine concentrate" to the sea 1s achieved sither by seepage or
recovery on flood tide. The "brine concentrate"” will, of course,
bta high in salt content and well=below normal sea temperatures.
Of fahore mixing procesasass will tend to reduce the sxtrems
conditions of temperature and salinity found over the tide flats.

The dense waters resulting from the processes of formation
ars found throughout most of the water column in Foxe Baain.
The vertical distribution of the watar appeara to depend on
mixing and the quantity of the cold high salinity watar produced
in the basin. In Foxe Channel, however, the water appears to

sink directly to ths bottom depths.



In 1856 when the same areaas were surveyed again the cold
salinlty water was almost completely abasent axXcept for traces
revealed in one section in Foxe Channel (Fig, 12)., In that
year bottom temperatures varied from =1.60 to -1.83°C while
the salinities ranged from 33,35 to 33.60%, Even these values
do not compare with those of the yesar before, but thay are more
extreme than the conditions found in Hudson Bay (Fig. 6).

The explanation for ths absence of the cold saline water in
1956 appeara to be related to the relatively mild winter of 1955«
56, Batea (1858) has pointed out that alr temperatures in Foxe
Basln and Hudaon Stralt were considerably above their normal valuesas
for the winter of 19556 -~ 66, The difference from normal conditions
was approximately 800 to 800 degree dayas. In terms of lce growth
this difference amountsa to about 7 = 10 inches of ice growth.

The occurrence of the cold saline waters in other years is
not kpnown, but Hachey (1931 and 1954) haa reported unusually low
temperatures in Hudson Bay. Ee has questioned the cbservations,
but in view of the findings in 1955, the occourrence of such low
temperatures in 1930 cannot be entirely dismlssed, The winter
conditions for 1929 = 1830 and 1954 = 1955 are recordad as
smongst ths moat sevare in the Eastern Arctic (Monthly Record of
Meteorological Observations, 1929, 1930, 1954 and 1955). Perhaps
the severity of the winter period, 1929 - 1530 had some effect on
the water conditions of Hudson Bay as first reportsd by Hachey
(Eachey, 1931 and 1954).
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SUMMARY

1. Two oceanographic surveys were carried out 1n northern
Hudson Bay, Foxe Channel, and Hudson Strait, in June, July,
August and October of 1955, and August of 1956,

2. The June surveys in Hudson Bay reveal what 1s considered to
be winter conditions below the surface layer. Remnant water
magges from the previous year are believed to exist at deep
levels. The surface layer exhibits temperaturs and salinity
charecteristics of Foxe Channel waters off Coats Island, but

off Digges lLglands the surface waters show gome of the effects of
warming and dilution in southern Hudson Bay.

Se The autumn survey results typify the summer water conditions
of Hudson Bay. Water temperatures are higher in June particularly
on the eastern side of the bay. Salinities show a slight
decreass from those of June owing to the releasse of fresh water

' from rivers and ice.

4. The two surveys carried out in Foxe Channel reveal almost
identical distributions &f property, temperature and salinity,
although 1in 1955 bottom salinities and temperatures weres much
higher and lower respectliely than in 1956,

Se Current patterns in Budson Bay differ for each survey, and
1t 13 thought that geasonal changes may be the cause. The
general movement of water, however, is northwards, but on both
the western and eastern sides of the section (Coats Island to
Quebec) there are inflowing currents from Foxe Channel or Evans
Strait and Hudson Strait respectively.,

6. The clrculation in Foxe Channel 1s dominated by a



southeasterly flow slong Southampton Island, The main body of
this current is deflected into Hudson Strait by the ridge which
separates Foxe Channel from Hudson Bay. The surface layer may
be similarly directed, but some water appears to escape into
Hudson Bay, it is not know definitely whether this escapement
would constitute a permanent current or not. There is some
evidence indicating that a summer current sweeps out of Foxe
Channel into Evans Strait and that it weakens and perhaps
disappears in the winter.

7 The distribution of cold high salinity water in Foxe Basin
and Foxe Channel is discussed with reference to conditions in
Hudson Bay, Hudson Strait, northern Foxe Basin and the Gulf of
Boothia, The local distribution of the water points to the
possibility that it might be formed in Foxe Basin. It is
suggested that the water Originates through a process of
freezing on the tide flats in Foxe Basin., Tides, currents,

and mixing ultimately bring the water into Foxe Channel,
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Geology and submarine topography of northern Hudson

Bay (depths in fathoms).

Fig. 3.
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