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Some Features of the Surface Layer
of the Gulf of St. Lawrence
by
L. Lauzier, R. W. Trites and H. B. Hachey.

Introduction
Tho CGulf of St. Lawrence is a merginal sea of triangular
shape, comprising an area of approximately 57,000 sq. mi.

(148,000 sq. lam), with two main openings to the ocean, Cabot

and Belle Isle Straits. From the St. Lawrence River System,

which extends inland approximately 2000 miles, the Gulf of St.
Lewrence receives the drainage of half a continent.

The matin feature of the submarine physiography (figure I)
is the Laurontian Channel, a deep trench, with a maximum depth

of 500 m. extending from the continental shelf almost to the

mouth of the Sguenay River. To the west of the Laurentian

Channel is the shallower area known as the Magdslen Shallows.
ie area of the Culf is shallower than 50 m.,

One-quarter of

while less than one-fifth is deeper than 300 m.
The first detailed ocesnographical observations in the

Gulf of St. Lawrence were carried out fn 1914-15 by the Canadian

Fisheries Expeditions (Hjort, 1918). This expedition introduced

modern methods of oceanography into Conadian waters, and through
a dotalled analysis of observations made during a spring and
sumer crulse, the main features and ocesnographical problems
of the waters of the Gulf of St. Lawrence were outlined. This
expedition was followed by the Choticamp Expedition in 1917
under the Biological Board of Canada (Huntsman, M.S.S. Report),



and the Belle Isle Strait Hxpedition under the joint suspices
of the Biologicel Board of Carada and the Canadian Hydrographic
Servico (Muntsman, unpublished X

, and the various crulses
between 1931 and 1935 of the "Cape Agulhas" under the auspices
of the

ewfoundland Fishories Research Lanoratory (Thompson,
1936). These latter expeditions dealt with specific sectional
probloms of the Gulf of St. Lawrence. For several years previous
to 1838, the staff of tho Biological Station of Laval University
fave particular attention to the estuarial waters of the St.
Lawrence River (Gaudry, 1938; ladeau, 1938; and Tremblay and
Lauzier, 1940). Throughout a perlod of years, the Canadian
Hydrogravhic Servico collected informetion on the general water
conditions, recording temperatures, salinities and densities at

& numher of points in the Gulf of St. Lawrence (Dawson, 1922).
The outstanding tidal and current work of Dr. Dawson in this

aren 1s of cours

well known (Dawson 1913, 1920 etc.).

It was not until 1945 however, that a full scale study of
Gulf of St. Lawrence waters was initiated by the Atlantic Herring
Investigation Committee. This study was augmented later hy the
activities of the Atlantic Oceanographic Group of the Canadian
Joint Committee on Oceanopraphy and the liaval Research Estahlish-
ment of the Defence Research Board of Canada, which organizations
co-operated with the Atlantic Herring Investigation Committee, to
make seasonal crulses over the area for a period of four years.
Since 1949, the seasonal surveys have heen continued under the

auspices of the Canadian Joint Committee on Oceanography.
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ve files of graphic data as compiled
by the Atlantic Oceanographic Group of St. Andrews, N. B. were
avallable to the nuthors for analysis. The data, pertaining
to the Gulf of St. Lawrence are filed on cards and indexed
according to crulse, location, time, date and depth. Specific
temperature records illustrative of the monthly development of
the surface layers throughout the period of May to November,
were chosen from those pertaining to the Southwestern Gulf,
Cabot Strait, and the Anticosti Area. These are plotted in
figure 2.

A11 available temperature records were used to determine,
for each degree square of latitude and longitude, for each
month of the period May to Novemher:

(a) the average thickness of the surface water layer as

determined by the thermocline (figure 3), and,
(b) the average distribution of surface water temperatures
(f1gure 4).

Data from specific seasonal cruises 'in May, August, and
November were used to illustrate the seasonal distribution of
temperature and salinity at depths of O m. and 50 m. (figures
5,6, 7, 8, 9 and 10).

The Surface Layer and Its D

The surface layer of the Gulf of St. Lawrence is one of
its most interesting oceanographical features. Defining it as
the layer delineated by the surface and the top of the thermo-

cline, the layer is a hody of almost homogeneous water, hoth



as to temperature and salinity. Following a winter season,

as shown by the bathythermograph records of figure 2, a
delineation of a surface layer becomes noticeable at depths
varying between 35 and 60 m. for the Cabot Strait and Anticosti
areas respectively. At this time the stability of the waters

1a very low, and the heat absorbed at the surface is readily
carried to greater depths by the process of mixing, chiefly the
result of wind action. As the season progresses we therefore
£ind this surface layer incremsing in temperature. During the
period of vernal warming, the efficiency of the processes of
vertical mixing is decreased due to the development of an excep-
tionally strong thermocline which brings about increased stability
in the waters of the thermocline layer. We therefore find the
thickness of the surface layer decreasing progressively towards
the height of Summer, at which time the surface layer is approxi-
mately 5 to 10 rietres in thickness. Another factor which enters
to determine the stability is the salinity, but suffice to
mention here that the layer of thermocline in the Gulf of St.
Lawrence coincides with the layer of the more intense salinity
gradient.

After the helght of Swmmor, when the resultant transfer
of heat is from the surface layer to the surrounding atmosphere,
the decreasing surface temperatures, and therefore increasing
surface densities,enhance the vertical mixing processes and the
surface layer gradually thickens. The stahility of the upper

layers reaches a very low value in the late autumn months and




in November we ind the surface layer is 40 metres or more in
thickness.

The surface layer, as referred to in this paper, is
therefore considered as a mixed layer, as indicated by its
vertical temperature distribution, whose thickness is primarily
controlled by external factors such as land drainage, radiation,

precipitation, evaporation, and wind action, which are operative

at the surface.
Thickness of the Surface Layer

The average thickness of the surface layer in the Gulf of
St. Lawrence as determined from the thermocline is illustrated
1in figure 3, for the months of May to November inclusive.

In May, the greatest averege thickness (as much as 25
metres) of the surface layer is found between Anticosti Island
and Cabot Strait, corresponding with the waters of minimum
surface temperatures (figure 4). The least average thickness
1s found in the southwestern Gulf (less than 10 metres), along
the north coast of Prince Edward Island, where the surface water

was relatively warm. Towards the St. Lewrence estuary, the

surface layer was comparatively thin (as low as 10 metres).
In June, the range of average thickness of the surface

yer has increased with a maximum thickness of more than 30

metres near Anticosti Island and a minimum of less than 5 in
the centre of the Gulf and lorth of Anticosti Island.
In July, the uniformity of the average thickness from less

than 5 metres to greater than 10 metres, is in contrast to that




of June, and the decrease in thickness, since June is prominent.

In the July-August interval an increase in thickness to
greater than 15 metres has taken place, and the layer thickness
of 10 metres is generally uniform throughout the Gulf.

By Septemher the average thickness of the layer has in-
creased to more than 20 metres, with considerable variation
throughout the Gulf, and with a thickness of greater than 15
netres prevailing.

In October, the average thickness of layer has increased

to 30 metres, with the greatest values pertaining to the main

Gulf area.

In November average values greater than 60 metres are to
be observed, the minimum value of the average thickness of the
surface layer being less than 10 metres.

The minimum thickness of the surface layer attained in
the months of July and August is an outstanding feature, and,
referring to figure 2, it will be obvious that this feature is
associated with the development of a strong thermocline. Assoc-
1ated with the development of a thermooline is also a general
tendency towerds uniformity in the thicimess of the surface
layor throughout the Oulf ares. Throughout the months of
Septemher, October, and November, the cooling processes, and
the vertical mixing enhanced by wind action are seemingly
activated with varying officiency in different parts of the
Gulf, with the result that the thickness of the surface layer

varios considerably over the area during the Autumn months.



The Temperature of the Surface Layer

The average distribution of surface water temperatures
1s illustrated in figure 4 for the months of May to November in-
clusive. As the surface layer is, for all purposes, a mixed
layer, as indicated in figure 2, these surface temperatures are
11lustrative of the temperatures of the surface layer.

In May, the average surface temperature rangsd from 1.0 0
to 8.0°%C with the minimum in the Cahot Strait ares and the maxi-
mn in the St. Lawrence Estuary and lNorthurherland Strait. Such
& range of temperature is to some extent related to ice movements,
the warmer temperatures indicating the sreas which were first
Glear of ice. The estuarial waters too, at this time of the
yoar are genorally warmed at a greater rate than those of the
open Gulf due to the greater sbsorption of heat by the land
masses.

In June, the minimum temperature was, on the average, re-
corded along the North Shore of the Gulf between Anticosti and
Bolle Isle Stralt, the maximim in the southwestern sector. In
the interval between May and June, the maximum warming is re-
corded for the southern Gulf where the temperatures attained a
range between 7 and 12°C. In the northern portion of the Gulf,
and particularly where upwelling of the colder sub surface
waters is a foature, average temperatures in June were still as
low as 2%C.

In July, Belle Isle Strait and the Estuary of the St.
Lawrence were the areas of minimum aversge temperature, with

velues less than 12°C. Along the north shore of the Gulf,




temperatures were still rolatively low, ranging between 13 and
15°C. Average temperatures were as high as 19°C in the southern
portion of the Gulf.

In comparison with July, there is very little change in the
general surface temperature situation in the Gulf in August, al-
though 1t 1s quite evident that a large portion of the Gulf waters
had reached its summer maximum in July and that the cooling pro-
cess was underway.

In September, continued cooling on a small scale since
August 1s in evidence. The average temperatures of the main body
of water range from approximately 10° to 16°C with temperatures
as high as 18°C in southwestern Gulf and as low as 5°C to the
north of Anticosti Tsland.

In October, the waters of the main portion of the Gulf
have reached an average temperature of less than 10°C., The
average temperatures range from 7°C in the Estuary to 13°C in
the southern and easterly areas. On the whole the cooling pro-
cess was responsible for a general decrease in temperatures of
3-4°C 1n the September-October interval.

In November, the general cooling over the main Gulf area
brought the temperatures down to the average level of 4°C,
Along the Oaspe Coast, the average temperatures were s low as
2°C, while along the Cape Breton Coast temperatures were as high

as 9°C.

Trends in the Gulf of St. Lawrence

Since 1930, surface water temperatures have heen taken




twice daily at Entry Island of the Magdalen Islands. The data
of the first six years were analysed by Hachey (1939) to indicate
the annual cycle of temperatures as illustrated by these waters.
In general the minimum temperatures were in the neighbourhood of
-1.8°C auring the Winter months, while the maximunm temperatures
were to be ohserved in August. It has heen shown (Hachey and
McLellan, 1948) that the trends of water temperatures at Entry
Island throughout the period 1930-1947 were similar to those for

the Atlantic Coast generally.
In Table I, the highest monthly mean temperatures are re- ‘
corded for each year of the period 1930-1950 and the variations |
from the normal noted. In all cases these monthly means were ‘
for the month of August. The average monthly means for July, ‘
August snd September are also recorded, and the variations from
the normal are noted. The mean Summer temperatures vary from
16.8 and 16.7°C tn 1930 and 1947 respectively, more than one
degree sbove normal, to 13.5°C in 1941 which was more than two
degrees bolow normal. While the low Aupust mean of 14.4°C was
recorded in 1941, there are several years in which the August
mean was higher than those of 1930 and 1947. |
The nal Distribution of Surface Temperatures and Salinities
The seasonal distribution of temperature and salinity at
the surface in Spring, Summer and late Autumn is shown in
figure 5, 6 and 7 respectively.
In Spring, waters of less than 30.0 °/oo were found mostly

in the western sector of the Gulf in a relatively narrow strip

oo o acacandie gt M



-10-

along the const, with temperstures generally greater than
£.0°C and as high as 11.0°C. Generally, the surfhce waters

of the maln Gulf were of a salinity between 31.0 /oo and

32.0 °/oo snd of a temperature of 4.0°C to 6.0°C. Patches of
Vater of a salinity between 30.0 and 1.0 /00 with temperatures
of less than 5.0°C are to ho noted to the north near Belle Isle

Stralt and to the south of the Magdalen Island.

TABLE I

Highest monthly mean (August) and summer mean (July,
August, September) surface water temperatures at Entry Island
in the Gulf of St. Lawrence.

Year ugust Summer.

Diff. from Diff. from|
Tormal Norma:

000r000000hOb00600000F
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In Surmer the salinity of the surface waters has generally
decreased over the whole Southwestern Gulf, the waters of a
salinity lese than 30.0 °/oo occupying the southwestern portion
of the (ulf and the isohaline of 30.0 /oo extending from the
Estuary of the St. Lawrence southeasterly to Newfoundland. Nini-
mum surface salinities of less than 26.0 n/co are found on the
north side of Prince Edward Island and in the Bay of Chaleur.

Little change is to be noted in the salinity of the waters in the
northeastern area.

The surface temperature distribution in the Summer was such
that the warmer water, higher than 15.0°C, was located in the
southwestern Gulf from the Bay of Chaleur to the Laurentian Channel,

in the Cabot Stralt area, and along part of the west coast of New-
foundland. The temperatures ranged from less than 4.0°C to greater
than 18.0°C.  In particular the surface temperatures ranged from
approximately 10.0°C in the Estuary of the St. Lawrence to 18.0°C

in the Cape Breton area. The surface drainage waters from the

land masses to the east are probebly well contained within the
1sohalines of less than 30.0 °/oo, and the warmer waters, reflect-
ing the influence of land heating and localized warming, are
therefore generally contained within the same boundaries.

By October, the surface salinities have generally increased
over the vhole area of the Gulf, the outflowing waters from the
Estuary of the St. Lawrence generally contained within 1schalines

of less than 30.5 °/oo. The general direction of the horizontal

temperature gradient is similar to that of Summer, but with

o
temperatures ranging from 7.0 C in the Estuary to 12.0°C off
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Cape Breton.

The main characteristic of the surface salinity distribu-
tion during the foregoing seasonal observations was the north-
wost-southeast tendency of the isohalines with the lower surface
salinities confined to the southwestern area. The intensity of
the surface salinity gradient varies with the season, heing
preatest in the Spring and least in the late Autumn. Most of the
vater of low salinity (less than 30.0 °/oo) 1is produced in the
northwestern sector of the Gulf and is, or becomes, associated
with the Gaspe current. The stronger the Gaspe current, the
greater is the Coriolls force and hence the greater the horizontal
salinity gradlent. The Gaspe current, on this basis, has a
greater surface velocity in the Spring months with the velocity
decreasing with the progress of the seasons. This surface
velocity should mot be confused with the volume trensport of the
Gaspe current, the detalls of which have not been thoroughly
investigated to date.

That upwelling is an important feature in controlling
surface water temperatures is indicated by the minimm surface
water temperatures of 3.4°C observed along the North Shore of
the Gulf in August (figure 6) and associated with waters of
maximum salinity (31.9 o/oo). This upwelling is, no doubt,
associated with northwest winds which tend to remove the surface
waters from the north coast of the Culf.

The Seasonal Distribution of Temperatures and Salinities at
50 Wetres.

The distribution of temperature and salinity at a depth
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of 50 metres is shown in figures 8, 9, and 10 for Spring, Summer
and late Autumn respectively.

In Spring (figure 8) the lower temperatures with a minimum
of ~1.3°C are associated with the lower salinitles in the south-
western part of the Gulf (31.4 - 32.0 o/no) end the higher salini-
ties in the northeastern area (32.0 - 32.5 °/0o). Temperatures
greater than 2.0°C at 50 metres generally occupy the central part
of the Gulf in Spring. The waters at this level are thoss of
the "upper layer" (< 32.0 o/oo) as defined for the Scotian
Shelf (Hachey, 1942).

In Summer (figure 9), the temperature of the waters at 50
metres ranged from -0.5 to 2.0°C, with the area generally covered
by waters of temperatures between 0.0°C and 1.0°C and associated
with salinities less than 32.0 c/oo. Colder water is thus
evident at this depth of 50 metres in August, 1947, as compared
with that observed in the May of 1948. While these cbservations
were made in different years it is pertinent to appreciate the
differences indicated here, as well as the suggestion that colder
waters penetrate the Gulf area in the interval between May and
August. This sub surface penetration, if real, takes place both
through Belle Isle Strait and Cabot Strait, and possibly on a
considerahle scale.

In late Autumn (figure 10), a suhstantial increase in the
temperatures at 50 metres is to be noted over the marginal area

of the Gulf. The main area at this depth is still covered by
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o
waters of temperatures less than 1.0°C and even less than 0.0°C.

Salinities similar to those of Summer prevail.

Discussion
There are many features of the surface layer in the Gulf of

St. Lawrence which require further elucidation. In this layer we

ind that selinities in the Southwestern portion of the Gulf de-
Generally

crease with the progress towards the height of Summer.
decrensing salinities in coastal waters are associated with in-

ng land dreinage, and in areas of the Canadian Atlantic,
Assoclated with

crens
1and drainage is greatest in tho Spring months.

this feature of decreasing salinities, is a thinning of the sur-

face layer which occurs with the establishment of stronger vertical
To some extent therefore,

temperature gradients in the therrocline.
in that the increasing vertical temperature gradient is accompanied
by increasing stability, vertical mixing is confined to an ever
thinning surface layer with the progress from Spring to Summer.
Hence the drainage waters, even though lessening in volume after
the Soring maximum, are seemingly more effective in lowering the
salinity in Summer when confined to a thinner surface layer.

The Gaspe Current plays a vory important role in determin-
ing the hydrographic conditions in the Gulf of St. Lawrence.
According to Dawson (1913), "the water of the Gulf may be roughly
divided by a line running from the South-West Point of Anticosti,

Along the south-western side of

to the middle of Cabot Strait.
this 1ine, the water has a lower density; as it is apparently

made a 1ittle fresher by the outflow of the St. Lawrence River."

. d
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"The general drift of this water of lower density is outwards,
towards the Atlantic", and this general drift stems from, and
1s a continuation of the Gaspe current which has its origin in
the St. Lawrence Estusry. It has long been known that there is

a downward current in the middle of the St. Lawrence Estuary which
continues along the south shore for the vhole length of the Gaspe
coast. The mechenfsm whereby outflowing‘Hiver water is mixed with
ocean waters, within the St. Lawrence Estuary, to produce the Gaspe
current has been considered by various authors (Gaudry, 1938;
Nadeau, 1938; Tremblay and Lauzler, 1940).

The Gaspe current in the offing of the Gaspe coast runs
constantly southeastward or outward from the St. Lawrence to the
Gulf. In general, it occuples a belt lying hetween two and
fourteen miles (3.6 and 27. km) off shore, and the depth of the
current may extend to 90 fathoms (165 m.) (Dawson, 1913).
Velocities as high as 3.92 knots (5.4 km per hour) have been
observed, although the average velooity is probably ahout 1.5
knots (2.8 km per hour). In a conslderation of the horizontal
salinity gradient in the surface layer in the vicinity of the
Gaspe coast (flgures 5, 6 and 7) 1t was suggested that the Gaspe
current has a greater velocity in the Spring months, with the
veloclty decreasing with progress of Summer. It can be reasoned
on a physical basis that decreasing velocities in the strength
of the Gaspe current could involve a widening of the stream and

a decrease in the thickness of the layer of flow., On this basis,
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the thinning surface layor in the western section of the Gulf

of St. Lawrence is in part, with g velocities
of the Gnspe current. It is obvious that there are many funda-
mental problems to be considered in a detailed study of the Gaspe
current.

It might be noted that the temperatures and salinitles of
the surface layer of the Gulf of St. Lawrence are associated
Qirectly with the mechanism of the Gaspe current, and show very
1ittle direct connection with the water movements through the
Belle Isle or Cabot Straits, except when consideration is glven
to sub surface depths.

Summar:

1. The surface layer of the Gulf of St. Lawrence, which is
defined as the layer dolineated by the surface and the top of
the thermocline, is a body of almost homogeneous water hoth as
to temperature and salinity.

2. The thickness of this surfece layer varies with the
season, from a value of 35 to 60 metres in Spring to a minimum

of 5 to 10 metres at the height of Sumer, and to a late Autumn

maximum of greater than 60 metres.

3. The progressive thinning of the surface layer, as
Summer 1s approached, 1s associated with an increasing vertical
temperature gradient in the thermocline, and a tendency towards
uniformity in the thickness of the surface layer throughout the
Gulf area.



1k

Upwelling of colder waters along the north shore of the

4
in this

Gulf 1s a factor in dep:

The St. Lawrence Estuary is snother area where surface
of mixing which

& surface water temp

region.
through the

.2 ars dep

15 nssocinted with the production of the Gaspe current.
5. Mean swmer surface water temperatures over a twenty year

period indicate considerable variation from yesr. to year, with

the highest mean surmer temperntures experienced in 1930 and

1947, and the lowest mean summer temperatures in 1941.

Surface salinities in the open Gulf decrease from a high

6.
in early Spring to a minimum in summer, increasing agein in late

Autumn.
7. At 50 metres in mid sumner, water colder than ‘that found
either in early spring or late nutumn extends over the general area

A proposed nnelysis of the water hody below the

of the Oulf,
lowered summer

surface layer will determine whether these

temporatures at the 50 metre-level are the result of:

(a) the progressive inward movensnt of Lahredor water,

(b) the thinning of the surface layer, bringing deeper
and colder waters to the SO metre-level, or,

(c) a variation in the deeper water temperatures as

between the years 1947 and 1948,
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Figure 2 Monthly Progress i the Development of the Surface Layer in the Gulf of St. Lay




Figure 3 The Average Thickness of the Surface Layer in metres in the Gulf of St Lawrence.




of Surface Water Temperatures

Figure d The




Pigure § Surtace Distribution of Temperature and Salinity in May, 1948.



Figure 6 Surface Distribution of Temperature and Salinity in August, 1047.




LINITY e
Pigure T Surface Distribution of Temperature and Salinty in October, 1048,




Figure 8 Distribution of Temperature and Sal
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Figure 9 Distribution of Temperature and Salinity at 50 Matres n August, 1047,
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