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The Gulf of St. Lawrence is closed to commerclal
navigation for nearly five months each year;dué to ice con-
ditiehs.- In order to lengthen the shipping season, greater
knowledge of the behaviour of the ice is necessary. A step
~in thls direction was the inauguration in 1940 of aerial ice
- gsurveys in the gulf during the breakup season. The surveys
have continued annually for the past thirteen years.

Based primarily on the data provided by these surveys,
maps were drawn showing the iimits of the main ice areas in
each breakup season. Although the mape enabled the lsolation
of several distinet patterns and rates of breakup, they
revealed that the behaviour of the ice was extremely variable,
The factors influencing ice conditions, including tides, ocean
currents, temperature, and wind, were examined with the aim
of discovering the causes of the breakup patterns. A number
of factors were found to be important in determining the
fundamental behaviour of the ice, but the meteorological
factors of temperature and wind appeared to be the chilef agents
in causing the variable behaviour from year to year,

In spite of these variations, it Waéépossible to trace
average condltions throughout the ilce season, The chief
characterlstics of the lce season may be stated brieflj. The
Gulf of St, Lawrence ls never completely covered with ice,
but rather, it is partly covered with fields of ehlfting pack
ice between ﬁhich lie broad stretches of open water. The
southern part of the gulf is an area of accumulation where

ice conditions are most serlous. .The clearing of 1lce from



the gulf begins slowly in January and February and begomés-
accelerated in March aﬁd April, The bulk of the ice moves
through Cabot Strailt to the open Atlantic rather than m
remainlﬁg inside the gulf untll it melts. Generaliy, the ice
elther withdraws from west to east, passing through Cabot
Strait directly, or 1t atagnateszin the southern part of the
gulf toward the end of the season. By the first of May the
. gulf 1s usually clear of ice which constitutes a hiﬁderance

to navigation,
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CHAPTER 1

INTRODUCTION

THE PROBLEM

The fundamental aim of the present study 1s to
discover'the dlstribution of 1lce in the breakup season and to
trace its behéviour throughout the months of March, April, and
May. With this distribution and behaviour established, 1t 1is
propoéed to determine the relative influences on the ice of
the physical factors ofAthe environment. Finally, 1t.1s in—
tended that a picture of average conditions throughout the 1lce
season should be presented.

Ice distribution in the Gulf of 8t. Lawrence 1s of
utmost importance to shipping. All shlps entering the Great
Lakes-St, Lawrence system must pass through the gulf. The
whole system 1ls blocked to navigatlon for nearly flve months
of the year due to ice conditions, The conditions in the
river can be readily evaluated by direct observation from the
land, but the Gulf of S5%t. Lawrence'presents a different sltua-
tion. The area of the gulf 1s approximately equal to the com-~
bined areas of the four maritime provinces; It 1s impossible,
therefore, to ascertain the ice conditions over such a large
area from observations taken along shore. At the beginning of
the ice season the last vessels remalning in the gulf are able
to keep each other posted concerning the ice conditions 1in

thelr respective vicinitles., On the other hand, because no



ships are operating in the gulf during the winter other
obsefvatlonal arrangements must‘be made 1in order to determlne
when navigation can safely begin during the breakup season.
Until 1940 this estimate of ice conditions during the
breakup depended chiefly on the reports of the government
icebreakers operating in the gulf. The information obtained
was so scattered and incomplete, because there were so few
vessels, that it proﬁed inadequate for fhe purpose. Conse-.
quently, with the aim of declafing the gulf 6pen to naviga-
tloﬁ as early as ice conditions in a glveﬁ area would permit,
an aerial ice survey was inaugurated 1in 1940‘by the Depart-
ment of Transport, The survey has gontinued ever§ spring
since that timé. The reports of this survey provide a wealth

of information which simply did not exist previously.
SOURCES OF INFORMATION

The Gulf of St. Lawrence Pilotl is probably the most

authoritative source of published information on 1lce condl-
tions 1n the gulf, The treatment 1is very brief, however, and
does not deal specifically with the breakup season. Another

government publication, Arctic Ice on Our Eastern Coast,2 by

A, G, Huntsman, contalns a short section concerning the Gulf |

'of 8¢. Lawrence, but the evaluation of ice conditions ie aun-

~;Department of Mlnes and Resources, Gulf of St. Law-
rence Pilot, Third Edition. Ottawa, 1946.

- 2Huntsman, A, G., Arctic Ice on Our Eastern Coast,
Bulletin No. 13, Biological Board of Canada.  Toronto,
January, 1930. '




sound and abbreviated. The Ice Atlas of the Northern Hemi-

sghere,3 published by the U. 8., Navy, includes maps of the
average limits of ice for each ménth of the year in the gulf
area, however, these are highly generallized. Occasionally,
reports of ice conditions in the gulf appear in the annual
publication of the International Ice Observation and Ice
Patrol Service in ﬁhe North Atlantic Ocean,4 although no
interpretation is attempted. Mr. J.G.G. Kerry has written a
number of articles dealing with ice in the gulf and the 8%,
Lawrence River (see bibliography, page 95). Again, his esti-
mate is_incompleté, especially in regard to the breakup sea-
son., These few works constitute the main sources of pub-
lished information in respect to ice conditions.

Extraction of ice information from all these .sources
and from additional unpublished and published material was
carried out by the author during the months from May to
November, 1951, in connection with the Canadian Ice Distri-
bution Survey. This survey 1s a project of the Geographlcal
Branch, Department of Mines and Technical Surveys, Ottawa, and
~ the author was engaged in this work of extraction while in

the employ of the Branch. The main sources, besldes the aer-

Jy. s. Navy, Hydrographic Office, Ice Atlas of the
Northern Hemisphere, First Edition. Washin gton, 194b. ~

uU 8. Treasury Department, Coast Guard, International
Ice Observation and Ice Patrol Service in the North Atlantle
Gcean, Washington —190 —I 9Iqg,




1al 1ice sur#ey reports,5 from which extracts wére taken were
the reports of the International Ice Patrol Serviee,6 and the
files of the Canadian Hydrographic Service.! All the extracts
were classlfied according to a fegional division of the gulf.

Until recently the lack of data sufficlently detalled
to support cénclusions has,prevented the furtherance of in-
vestigation in this fleld, but the appearance of the aerial
ide survey reports provides an almost unprecedented oppor-
tunity for a detailed study of ice conditions in the breakup
season. The present study 1s based primarily on these data.
Unfortunately, the flight routes were confined to that part.
of the gulf south of a line from Heath Point, Anticostl to
the Bay of Islands, Newfoundland. As a result, the ice con-
ditions in the northern portion of the gulf, including the
Stralt of Belle Isle, are not consldered in detall. Similarly,
ice conditions 1in harbours and small estuarles are not treated
in detall because the ice reports refer chiefly to the open
areas of th?rgulf.

The normal procedure of the aerial observers was to

make several fllghts during March to ascertaln the quantity

5Department of Transport, “Reporté of Aerial Ice
Surveys in the Gulf of St. Lawrence," File No. 8262-3, & Vols.
Ottawa, 1940-1952.

6U. S, Treasury Department, op. cit.

7Department of Mines and Resources, Hydrographic

- Service, "General Correspondence on Ice Conditions," File No.
634, Vol. 3.. Ottawa, 1922-1951. Department of Mines and
Resources, Hydrographic Service,  "Questlonnalre, Re: Ice
Conditions in the Gulf of St. Lawrence," File No. 634, Vol. 1.
Ottawa, 1937. :
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and extent of ice in the gulf before beginning dally flights,
weather permitting, toward the end of the month., These daily
flights were generally continued as long as ice remained in
the gulf, even if this necessitated making several flights in
May. The routes followed were often varied from day to day in
order to give a complete coverage every few days of the
section of the gulf within the bounds of the survey. The re-
ports were summarized and broadcast over the Maritime radio
stations for the immedlate warning of vessels in the area. _
To indicate the type of 1nf6rmation contained in these reports
an excerpt from the Canadian Ice Distributlon Survey file is
presented below. These data refer to region 10 GD; Magdalen-
8t. George; in the file.

April 4, 1942, “From 48,30 N,, 62.00 W., over
steamer track to Cape Bay open water, from 23

miles southwest of Cape Ray 1lce extends south-
eastward and to the Cape Breton Coast."

April 9, 1942, "Large field sighted, southern
limits 48,30 N., 61.00 W,

April 23, 1942, "No ice between 8t, Paul Island
and Bird Rocks."

April 24, 1942, "0On a line from Cape St. George,
Newfoundland, to Heath Point two small growlers
48,40 N,, 59.40 W., 48.40 N,, 60.00 W, West coast -
of Newfoundland clear to vicinity of Bay of
Islands, strings and patches forty miles off Heath
Point north and south of this line, then large
flelds ten mlles off Heath Polint extending to

Table Head, then southwestward to 48,20 N., 62.40 W.,
to 48.30 N., 23.30 W., to 48.55 N,, 63.15 W., to
South ‘Point."

SDepartment of Mines and Technical Surveys,
Geographical Branch, "Canadian Ice Distribution Survey File,"
Ottawa, 1951. .



PROGEDURES

Such detalled information provided the basis for a
series of maps deplcting the ice conditlons at ten-day inter-
vals., An interval of this length was necessary because of
the blanks in the record which occurred as a result of
adverse flying conditions or incomplete coverage of the area.
The dates chosen were March 15, March 25, April 5, April 15,
April 25, May 1, and May 5. The mappling at five-day inter-
vals after April 25 was made possible by the more accurate re-
ports later in the season. Greater accuracy at this time |
might be expected because the lce areas are so.réduced that it
1s easy to carrj out complete observations.,

‘The maps were designed to show the type of ice-cover
at these daﬁes with the use éf suitablé symbols. Conslderable
interpolation was necessary in the construction of these maps,
in order thét.a complete plcture of the brobable ice con-
ditions on each date might be achieved. In splte-of 'this
necesslty, the mapé are consldered as reasonébly accurate,
Supplementary notes péintlng outitﬁe'changes in 1ce conditions
which occurred between the dates were wrltten to accompany
the maps. The total number of maps produced was sixty-two.
Some yearé reqdired‘more.maps than othérs, depending on the
amount of information avallable and the date of final clear-
ing of the gulf. These maps were too numerous, however, to
facllitate ready comparison of separate years with a view

toward determining the patterns and rates of breakup.



A procedure was established to reduce the materilal to
more manageable proportions without losing valuable detail.
Upon inspectlon of the serles of maﬁs for each year and exami-
naflon of the supplementary notes, ice conditions were de-
seribed in detail.9 At the same time, a new map was drawn for
each season incorporating the maln features of the basic maps.
This map showed the limlits of the maln 1lce areas at each date.
While 1t gave no indication of the percentage or‘type of ice-
cover, 1t deplcted more gréphically the changes in position
of the ice flelds as the season progressed. Coples of_these
maps may be found in the Appendix.

Ice conditlons during the bréakup in these thirteen
seasons were related to the determining ph&sical factors of
the environment. The correlation with the meteorologiéal
factors was effected through the use of statistics published
by the Meteorological Division, Department of Transpért.
Mainly government publications were consuited in the exami-
nation of the other factors. |

| The description of average winter condltions was based
chiefly on the data extracted from the Canadian Hydrographic'.

Service filesl® and from the reports of the International Ice

9fnege descriptions are included in the complete
report on ice dlstribution in the Gulf of 8t. Lawrence during
the breakup season which was submitted to the Geographical
Branch, Department of Mines and Technlcal SBurveys, Ottawa,
in September, 1952.

10Department of Mines and Resources, op. cit.
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Patrol Service.ll fThe files contain the replies to a question-
naire which was sent to skippers of vessels, light-keepers,
and other persons who might be expected to possess knowledge
of ice conditions. The reports of the International Ice
Patrol Service'occasionally contain references‘to the Gulf of -
8t. Lawrence. This information, together wilth that from other
sources, was sifted and cross-checked in order to achleve an
evaluation of winter ice conditions which was reasonably
accurate. The accuracy of the description of spring ice con-
ditlons was better still because 1t was based on the aerlal

survey reports as well as on the Hydrographic Service files.
TERMINOLOGY

A number of terms appear throughout the study which
require definitions. B8everal of these terms have a speclal
meaning in thls context which may not colnclide with their
meaning elsewhére, while others are accepted terms for 1ice
types. Included in the first group are the terms “gulf,®
"breakup," "ice season," "light ice conditions," and "heavy
~ice conditions." While "gulf" is an abbreviated form for
"Gulf of S8t. Lawrence," 1t generally does not apply to the
whole gulf in this study, but father to that part south of a
line from Heath Point, Antlcostli to the Bay of Islands, |
Newfoundland, for which area detailed ice information 1s
available. ,When it applies to the whole Gulf of 8t. Lawrence

the context makes that apparent. The word "breakup" is used

11y, s, Treasury Department, op. cit.



in the following study in a wide sense. Not only the actual
breaking up of ice sheets is implied, but also.the~clear1ng of
ice from the gulf. "Ice season" 1s understood as tﬂe period
from November to May when ice is present in the gulf. The
term "light ice conditions" 1s relative, indicating that the
ice in the gulf 1s less extenslive than in other areas and
mostly under two feet thick. - Conversely, the term "heavy ice
conditions® indicates that the 1ce 1s relatively extensive and
thicker than two feet.

The 1list of ice terms which follows 1s adapted with
modifications from a U, S. Hydrographic Office publication on
ice terminology.l2 Some of the ice types are illustrated by
the photographs on pages 11, 12, and 13.

Brash ice -~ Small 1ce fragments less than six feet across;
the wreckage of other forms of 1lce.

Close pack - Pack composed of floes mostly in contact. It
is generally unnavigable to ordinary ships.

Drift 1ice - Loose, very open pack, where water predominates
over 1ce. The floes are usually smaller than
in close or open pack with much rotten ice,
and vessels can usually pass through 1t wlthout
altering course or speed, e

Fast ice or Sea ice which remains fast in the posltlon of

Tandfast Ice - growth, found along coasts where it 1s attached
to the shore, or over shoals where 1t may be
held in position by islands or grounded

icebergs.
Fleld -~ The largest of lce areas, greater than five
K mlles across.
Floe - A plece of sea 1ce other than fast ice, large
or small,.

A 12y, s. Navy, Hydrographic Office, "A Functional
Glossary of Ice Termlinology," Study No. 103, Provisional,

May, 19
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Growler - A small plece of glacler ice, usually greenish
' in colour and barely showing above the water.

Heavy ice - Any thick flat ice. |

Lead - A passage through pack ice. Leads may form

elther by the widening of a crack or by a
general loosening of the floes. A shore-lead’

is a stretch of navigable open water formed
when pack lce moves away from the fast ice under
the influence of wind or tide.

Light ice - Ice of medium thickness, less than two feet,

Cpen pack - Pack composed of floes which for the most part
: do not touch. Belts are usually narrow with
many leads and pools. Easily navigable but
speed 1s slow and changes of course continually

necessary.

Pack ice - Sea ice which has drifted from its origlnal
position,

Pool - Any enclosed sea-water in the pack, other than
a lead.

Sheet ice - A large piece of floe ice that drifts to sea
unbroken.

ORGANIZATION

The physical geography of the Gulf of 8t. Lawrence,
including the subaerial and submarine morphology, the
movements and physical characteristics 6f the water, and the
climate, is examlined in general detall. Average winter ice
conditions are then discussed by months. With this back-
ground, the actual observed ice distribution durlng the break-
up seasons of 1940 to 1952, inclusive, 1is presented, together
with an indication of the alr temperatures which prevailed
throughout the ice season. Maps of lce limits at specifled
dates in April and temperature graphs accompany thls pfesen-

tatlon of data. Based on thls data, the patterns and rates



Photos. 1 and 2. Strings of brash ice off the north
coast of Gaspé Peninsula, March 20, 1952 (courtesy
of Miss I. M, Dunbar),

Photo. 3. Edge of brash ice off the mouth of
Miramichi Bay, March 20, 1952 (courtesy of Miss
I. M, Dunbar).

11
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Photos. U4 and 5, Landfast ice, shore leads, and
open pack ice along the north coast of Prince Edward
Island, March 20, 1952 (courtesy of Miss I. M,
Dunbar and Miss M, R, Montgomery).

Photos. 6 and 7. Pack ice of varying sized floes
off Miramichi Bay, Marech 20, 1952 (courtesy of Miss
I. M. Dunbar and Miss M, R. Montgomery).
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Photo, 8. Sheets of ice breaking up off the New
Brunswick coast south of the Bale de Chaleur, March
20, 1952 (courtesy of Miss I. M, Dunbar).

Photo. 9. A fleld of close pack ice off the New
Brunswick coast south of the Bale de Chaleur, March
20, 1952 (courtesy of Miss I. M. Dunbar).
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of breakup are isolated and classified. Then the physlcal
factors discussed at the beglinning are re-examined with the
aim of relating them to the distribution and behaviour of the
ice and determining their 1nfluencg., Finally, the general
conclusions are stated and the average ice condltions during
March and April are described. This description complements
the statement of winter ice conditions, thereby gliving the
entire picture of the ice season. The map followlng page 1L

shows the locations of places mentloned in the text.






CHAPTER II

PHYSICAL GEOGRAPHY

SUBAERIAL AND SUBMARINE MORPHOLOGY

The Gu1f of St. Lawrence lles 6n the boundary between
two physiographiclprovinces. On the north the gulf is bounded
by the Precambrian rocks of the Canadlan Shleld and on the
west, south; and east chiefly by the Palaeozolc rocks, greatly
folded and faulted, of the Appalachlan Highlands Province.1l3
Two main‘ranges of the Appalachién system are traceable 1n the
reglon. These are the Shickshock Range of Gaspé peninsula and
the highlands of Nova Scotia, which continue northeastward as
the Long Range of Newfoundland. The fold mountains of Gaspé
curve southeastward toward the Nova Scotla range before dis-
appeariﬁg below the waters of the gulf, whille the southern
range maintalns 1ts northeast-southwest trend, thereby en-
closing the gulf,

The gulf itself is much deeper north of & line from
Cape Gaspé to St. Paul Island than south of it ( see map
following page 15). A submariné canyon, whose bottom depths
range from 150 to 300 fathoms below the surface, traverses
the gulf from the estuary of the 8t. Lawrence River past
Gaspé, north of the‘Magdalen Islands, through Cabot Strait

and southeastward to the edge of the continental shelf where

13Atwood, W. W., The Physiographic Provinces of North
America. Boston: Ginn and Company, 1940, p. of. '
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it separates Bank 8St. Pilerre from Bgnquereau Bank. Branches
of thls canyon extend up the northeast arm of the gulf toward
the Strait of Belle Isle and northwestward between Anticostl
Island and the Quebec mainland. These steep-walled canyons
aré 40 to 100 miles broad and occupy much of the northern and
eastern sectlions of the gulf., On the other hand, the floor
of the roughly clrcular area south of the transverse canyon
lies less than fifty fathoms below the surface.l4 Ice is more
likely to form in shallow areas because there is not so great
a body of water which must be cooled before freezling can take
place.

Of the three stralts connecting the gulf with the open
Atlantic, Cabot Strait i1s the widest. It is apparent that a
greater volume of ice wlll gain exit from the gulf through
this stralt during the breakup season than through either the
Stralt of Belle Isle or the Stralt of Canso. Because the
Stralt of Canso 1s especlally narrow, the southern part of the
gulf 1s more confined than the central section and 1lce
moveﬁent is restricted. Slmflarly, the northeast arm 1s
confined, but the Stralt of Belle Isle provides a wider link
with the open ocean. Anticostl Island, the Magdalen Islands,
and Prince Edward Island tend to hinder the free movement of
ice over the saurface of ‘the gulr.

The shorelines of the Gulf of St. Lawrence area are

classiflied as primary or youthful, their configuration being

143m1th, F.C.G. "Hydrographical Features," Canada
‘Year Book 1947. Ottawa, 1947, p. 7. -
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due malnly to non-marine erosive forces.1l5 These coasts are
formed chlefly by the drowning of folded, faulted, and glaci-
ated topography and, as a result, they are diverse 1n form.
The shorelines are characterlized throughout by indentations
which conform essentially with the alignment and the nature
of the rock structure.16 It 1s notable that the western and
southern shorelines of the gulf have numerous broad, shallow
eﬁbayments in contfast to the Precambrian shoreline, bounding
the gulf on the north, where the bays are small and the water
1s deep offshore., The broad, shallow bays provide great areas
of protected water surface where ice formé more readlly and
where the breakup i1s slower than:in unprotected regilons. The
detainment of the lce during the breakup season 1is partic-
ularly notliceable in the Bale de Chaleur because the mouth of
the bay 1s narrowed by Miscou and Shippigan islands. On the
other hand, the smooth north coast of Gaspé does not hinder

the free drift of ice into the gulf during the breakup.
WATER MOVEMENTS AND PROPERTIES

Within the physlographic framework of the gulf the
water movements and properties greatly affect the behaviour
of floating ice. Among the factors whlch cause movement are

the tides, tidal currents, and ocean currents. .

15Shepard, Francls P., Submarine Geology. New York:
Harper and Brothers, 1948, p. 70.

16 johnson, Douglas W., The New England-Acadian
Shoreline. New York: John Willey and Somns, 1925, p. 20-23.
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Tides and Tidal Currents

Tides are wave motions which involve no appreciable
horizontél movement of water, but rather, a vertical ralsing
and lowéring of the water in relation to a datum"plane. They
are generated principally in the open oceans of the world and
not in the confined coastal basins where they are most
noticeable.l?7 The tidal undulation enters the gulf mainly
through Cabot Strait and progresses in a counter-clockwise
directioﬁ around a central point west of the Magdalen
Islands.18 The disturbance ofkthe water surface Ey tide hin-
ders the formation of largé sheets of ice and alds in the
breaking up of sheets which have become eétablished. Thie
shattering action 1s more effective where the tidal ranges
are high, | |

The range of tide 1n the open ocean is seldom more
than 1 metre, but this is amplified along shallow coastlines,
in many cases, by'tidal components other than those which are
gravitational in nature.19 On the map of tidal ranges in the
gulf, following page 19, the lines Join places having equal

ranges of spring tides.20 These values, expressed in metres,

' 17Stewaft, John Q., Coasts, Waves and Weather.
Boston: Ginn and Company, 1945, p. 207.

lsKriegsmarlne, Ubootshandbuch der Ostkiiste Kanadas
(Atlas). Berlin, 1942, p. 166. '

19Stewart,'02. cit., p. 192.

20ynen the gravitational pulls of the sun and moon
are combined along the same line, as occurs at new and full
moon, the tides produced are both higher and lower than at
other times, These are termed spring tides.
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are computed from tlde tables which do not include the extremes
caused by meteorological conditions. Because the readings
employed were taken at coastal stations, adjustments were nec-
essarily made 1n’orderAthat average vglués for the offshore
areas might be derived. As a result, figufes for some*coastal
stations may not appear to fit the pattern indicated. BRanges
in the gulf are not great, as a rule, buf are higher toward
the estuafj of the'St.vLawrence River and in Northumberland
Strait than elsewhere. 'In these areas tidal shattering is
most pronounced. From the mouth of the estuary where the
range 1s 1.5 metres the range increases upstream %o more than
3 metres above Pointé des Monts. In the vicinity of Cape
Tormentine in Northumberland Strait the range 1s 1.5 metres,
Ranges less than 0.5 metres are characteristic of the area
west of the Magdalen Islands, consequently, the effect of
tldes on lce sheets in thls area 1s minimilzed.

When tidal undulations progress through shallow water
an actual horizontal movement of the water takes place. 8Such
horizontal movements are termed tidal currents. These currente
seldom coincide with the time of high water, although they are
reversed in rhythm with the tides. Thelr velocities are
generally less than 1 knot 1n‘open*areas, but in the Stralt
of Canso the tidal currenﬁs are,decidedly‘stronger.‘ In
Northumberland Strait the currents flow from both entrances
meeting'in the middle 6ff‘Baie Verte and their strengths are
approximately 1 toll.SAknots. The Strait of Belle Isle has.
currents which are tidal in character, but in addition, there

is a dominant flow in one direction or the other for periods
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of a week or more.2l The veloclties in the stralt range.
between 0.5 and over 2 knots. In most other sections of the
gulf the tidal currents are weak and 1ll-defined. Winds are
effective 1n checking or increasing the veloclty of tidal

currents,

Ocean Currents

Superimposed upon the system of tildes and tidal
currents 1s a system of constant ocean currents. In this
resﬁect the Gulf of St. Lawrence 1s characterized by a counter-
clockwise circulation (see map following page 2%).

Water from the ocean pours into the gulf around Cape
Ray and, due to the influence of the earth's rotation, it
curves to the right and flows northeastward along the west
coast of Newfoundland as far as Point Riche. At Cape Ray the
current, a belt near shore ten to fifteen miles in wldth, has
| a velocity of a little less than 1 knot. From Cape St. George
to the Bay of Islands the movement of the water 1s hardly
appreciable, but northward of thils point it is constant at
about 1 knot, stronger near land than offshore.22 The current
has the beneficlal effect of keeping the southwest and west
coasts of Newfdundland free of ice later than other areas
within the gulf. Much of the water 1n this current departs

from the stream and spreads out northwestward, heading across

21A1though the cause of this dominant flow is not
fully known, 1t is thought to be chiefly meteorological.

2a’l)(-:part:ment of Mines and Resources, Gulf of St.
Lawrence Pilot, Third Edition. Ottawa, 1946, p. LVI.
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the gulf in a weak moveﬁent to Anticosti Island. In fact, the
preponderance of flow in this whole northern area to a consid-
erable depth is toward the St. Lawrence estuary{ although the
velocities are low and the direction of movement is readily
affected by the wind, Nevertheleés,’a great quantity of ice
is carried gsouthward and westward from the Strait of Belle
Isle area. The currents in the stralt itself are entirely
tidal in character.

At the mouth of the St. Lawrence Rlver water from the
northern part of the gulf combines with that from the river to
generate the Gaspé Current. The current beglns at Cap Chat
and, deflected to the right, it hugs the Gaspé coast as it
flows eastward. Although 1f is constant at an average veloci-
ty of 2 knots, the tides do cause varlations in speed, in
splte of the fact that they cannot reverse or completely check
the flow. The approximate width of the current is twelve mileé
and 1t seldom extends further than fourteen mileé offshore, 23
A large amount of ice formed in the 8t%t. Lawrence river and
estuary 1s deposited in the gulf by the Gaspé Current,

Leaving Cape Gaspé the current f}ows southeastward,
but the velocity 1s much reduced and it spreads over a wide
area, filling up the central part of the gulf. The predomi-
nant drift in thié centrallsection is eastward across to the
Magdalen Islands and Cape Bretog. The velocity, however, is

only 0.5 to 1 knot and there 1s no constant current

23Ipid., p. LIX.
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dlscernible.24 In the southern part of the gulf, particularly
in Northumberland Stralt, the currents are tidal in character.
The lack of constant currents in this secfion of the gulf
permits the accumulation and stagnation of ice in this area on
some occaslions,

The Gaspé Current 1s rejuvenated in its continuation
by the constriction of Cabot Strait. An 1%-mile-wide current
comparable in constancy with the Gaspé Current flows along
the Cape Breton coast a few miles off Cape North. ~ Fed chiefly
by a domlnant flow of water southeastward from the northern
end of the Magdalen Islands to Cape North, its veloclty at
times reaches 2 knots.2> The Cape Breton current extends as
a weak flow along the coast, often as far as Scatarl Island.
This current 1s of great importance in transporting ice from
the gulf, especlally during the breakup.

Most of the rivers which flow into the gulf, except
the 8t. Lawrence, are too small to give rise to significant
currents. In addition, their effect on the clearing of ice
from the gulf 1s minor because the bulk of the ice in the
gulf discharges through Cabot Stralt before the rivers

break up.

Physical Propertiles

As part of the Atlantlic Ocean, the Gulf of St.

Lawrence is filled with salt water sllightly modlfied in

24Department of the Naval Service, The Currents in
the Gulf of St. Lawrence. Ottawa, 1913, p. 1l.

25Department of Mines and Resources, op. cit., p. LVI.
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certain_sections by the addition of fresh water., Investi-
gations have determined that in the southwestern half of the .
gulf, south of a line from Gaspé to St. Paul Island, the water
is warmer and of lower density than in the northeastern half.
The density in this northeastern sectlon 1s much the same as
in the open Atlantic. The Gaspé and Cape Breton currents are
comparable in having decldedly lower densitles than the waters
outside the currents.26

| The temperature characterlstics are not well known,
but it is established that a cold layer of water lyling at a
depth of about 50 fathoms 1s constantly at a temperature near
the freezing polnt and that it separates warmer layers both
above and below. The water above 30 fathoms is influenced by
the temperature of the air iﬁ contact with it.27 Regarding.
surface temperatures, which have the greatest bearing on the
+ 1ce formatlon process, it is definite that in most sectiohs
of the gulf the surface water temperatures do fall below the
freezing point of salt water. Ice formation is especially
pronounced around the Magdalen Islands and in the shallow
bays and stralts, including the Bale de Chaleur and North-

umberland Strailt. Throughout the open gulf, however, lce is

26Department of the Naval Service, op. cit., p. 36.

27Department of the Naval Service, Temperatures and
Densities of the Waters of Eastern Canada. Ottawa, 1922,

P. (.
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not formed on a large scale due to agiltation of the water and

the greater depths.28
CLIMATE

The cliﬁate of the Gulf of St. Lawrence reglon is not
e0 marine ln character as might be expected, consldering 1ts
location. Lying in the belt of Westerly Winds, the area 1is
maihly under the influence of alr which moves from land to
sea., The path of the most frequent cyclonlc storms passes
directly across the central part of the gulf. This contl-
nental alr 1s modified to a certain_extent, resulting in more
moderate conditions than those which are experienced ihland.
Because the meteorological records are taken on land 1t is
necessary to generallze concerning the condltions over the
gulf. The temperature will be more moderate over the water
and the preclpitation lower, as a rule. Winds may achleve
greater veloclty in view of the fact that obstructions are

lacking.

28Salt water does not behave in the same manner as
fresh water when 1t 1s cooled. The maximum density of fresh
water 1s at 49C, When a body of water has been cooled to this
temperature, from top to bottom, further cooling at the
surface will not perpetuate the convection currents, but will
lead to more rapid cooling and eventual ice formation at 0°C.
Salt water reaches its condition of greatest density at -2°C,
which 1s slightly below its freezing point (-1.8°C). As a
result, convectlon currents are generated that keep replacing
the surface water until, and 1if conditions permit, even after
it reaches 1ts freezing point. The freezing of salt water 1is
thus retarded by 1ts physical properties. In addition, the
disturbance and mixing of the water by winds, tldes, and
currents plays an important role in the ice formation process.
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Temperature

During the winter the isotherms tend to run northeast-
southwest across the gulf (see map following page 25). The
Cabot Stralt reglon experiences temperatures about ten degrees
- Fahrenheit hlgher than those of the Qhebec north shore because
‘of the moderating influence of the open Atlantic. This
dlfferenée_in temperature is reflected in the dates of closing
of navigation in harbours throughout the gulf (see map follow-
ing page 32). The harbours in the southeastern part of the
gulf freeze later than those in the northwestern part,

| The accompanying table, page 26, indicates that

average monthly temperatures throughout the gulf drop belowv
the freezing point in December and remain there until April.
It is appareﬁt that the air temperature is low enough to gilve
rise to ice formation even on salt water if other factors
combine to make 1t possible., In the event that ice does not
form, temperature conditions are such as to preserve ice whilch
may have formed elsewhere and drifted into the gulf. Temper-
atures are still near freezlng during April when the breakup
1s well advanced.

The varlability of ice season temperatures 1s hlgh.

In a given year the difference from average of the mean
monthly temperature might be five or ten degrees at many
stations in the gulf area. Frequently, several consecutive
months in one season experlence temperatures somewhat higher
or lower than average. The severlity of ice conditions 1s

largely dependent on these year to year fluctuatlons of
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TABIE I

MONTHLY AVERAGES OF DAILY MEAN TEMPERATURE

‘Meteorologigal -

Statio November December January February April
Bersimis , 21 14 2 8 20 33
Father Point 29 117 9 11 22 34
Clarke City 26 11 2 6 18 31
Natashquan 2 13 6 6 17 30
Harrington Harbour 2 13 8 9 20 30
Cap Chat . 32 19 13 15 22 35
Cap Magdalen 31 18 11 14 21 32
Ellis Bay 30 18 13 12 20 31
Anticosti (S.W.Pt. ) 30 20 12 12 21 31
Gaspé , 30 17 10 11 22 33
Port Daniel ' 31 19 12 12 21 34
Bathurst 32 18 10 11 24 36
Chatham 33 19 12 12 25 31
Rexton 36 30 15 14 25 33
Summerside . _ 36 24 18 18 26 3
Charlottetown 36 25 18 17 26 3
Alliston : 38 26 20 20 28 37
Antigonish 38 27 20 18 28 31
Cheticamp 39 29 22 20 27 36
Beddeck 38 21 217 20 26 31
Sydney 38 29 29 20 217 36
Grindstone Island 36 25 19 16 23 32
St. Paul Island 37 27 27 18 25 32
Burgeo : 35 2 23 21 26 33
Channel - 36 2 22 21 25 33
St. Georges 35 28 21 16 24 33
Cerner Brook | 34 25 18 18 25 35

9¢
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temperature, Consequently, in the examination of ice con-
ditlions during a thirteen-year perlod, it 1s desirable to
relate the results to the observed temperafures of each»year

as well as to the average temperatures.

Precipltation

Abundant precipitation which 1s evenly distributed
throughout the year 1s charactéristic of the Gulf of St.
Lawrence area. Most stations receive more than 40 inches a
year. There 1s a slight summer maximum in the more continental
northwestern part of the gulf and a winter maximum in the
more maritlme southeastern part. Snowfall 1s fairly high in
the gulf area, ranging from 60 to over 200 inches. The higher
totals are recorded along the north shore and the lower totals
in the southeastern section. The effect of precipifation on
ice formatlion and breakup in the gulf 1s minor compared to

that of temperature or wind.

"Wind ‘ .

The wind roses (see maps followlng page 27) 1llustrate
the percentage frequencles of wind by direction for January
and Aprll, which months represent-the period when ice 1is found
in the Gulf of St. Lawrence; Winds of a westerly component
prevall throughout most of the year, although in spring and
summer thelr prominence i1s less noticeable. At this latter
time of year the wlnds are'more variable in direction and
easterly winds occur more frequently than at other seasons.

Changes in direction, even complete reversals, may be expected
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within very short periods of time due to the circulation of
the mld-latlitude depressions which move across the area in an
almost constant procession in winter. It 1s this feature,
typical of the belt of Westerly Winds, which is responsible
for the highly varlable weather conditions of the gulf reglon.

The wind is effective in continually shifting the
pack ice which covers most of the gulf in winter. Due to the
rotation of the earth, the drift of floatling pack lce in the
northern hemisphere is about thirty degrees to the right of
the wind direction. 1In general terms, however, the prevalling
westerly winds carry the ice eastward toward Cabot Strait,
while northerly winds tend to pack the ice in the southern
part of the gulf. Southerly winds usually accelerate the
clearing of ice, but easterly winds hold the ice in the gulf.
The sudden changes of wind directlion which are typical of the
reglon cause local éhanges in the positicon of pack 1lce, such

as the opening or closing of leads and podls.
SUMMARY

Tides disengage landfast ice and break up sheets of
ice formed in shallow water. Much of this 1ce 1s carrled inte
the open gulf by tidal and ocean currents, adding to the
suppiy of ice which 1is largely retained in the gulf by the
confined nature of the basin. The alr temperatures are low
enough to preserve this ice and to encourage local ice for-

mation throughout the season, During this time the factors
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causing ice movement, princlpally winds and currents, keep
much of the ice shifting and carry some of 1t to the open

ocean through Cabot Stralt.



CHAPTER III

WINTER ICE CONDITIONS

Ice conditions in the Gulf of S8t. Lawrence during the
- months from November to March are not well known., No regular
aerlal survey has been carried out and few records taken
aboard shlp have been preserved. Much of the information
which is avallable, fof example, reports of skippers, light-
keepers, and other shore observers, refers to very limlted
areas and may not be highly reliable. The following dis-
cussion constitutes an attempt to present the general picture
as indicated by observations which can be substantiated.
Although conditions vary greatly from year to year, only
average conditions are implied. |

The island of Newfoundland acts as a barrier sepa-
rating the Gulf of 8t. Lawrence ice from the Arctic 1ice.
The Strait of Belle Isle admits a quantity of ice which is
sufficlent to fill the northeast arm. Most of this 1s pack
lce which originated as landfast 1ce 'along the coast of
Labrador. Icebergs seldom galn entrance to the gulf; they
drift southward in the main stream of the Labrador Current.
Consequently, pack lce constitutes the bulk of the Gulf of
8t. Lawrence 1ice. |

Winter navigation in the gulf 1s restricted. The
Clarke Steamship Company operates a winter service with ice-
breaking vessels from Tadoussac to Seven Islands and some-

times as far east as Havre St. Pierre. Thls 1s made posslble
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by the fact that frequent northwest winds push tnevice off-
shore. In Northumberland Stralt an lce~breaking ferry cén-
nects Prince Edward Island with the mainland, and a ferry
operates between Cape Breton Island and Newfoundland, 1In
addition to these regular services, navigation 1s carried on
by Canadian Government 1ce5breakers and by small sealing |
vessels. The ice—breakeré, two or three in number, assist
those ships attempting navigation and cross the gulf qccasion—
ally while en route from the Cape Breton area to the St.
Lawrence River,

On the whole, commercial navigation ceases in most
sections of the gulf about the middle of December, or earlier.
The map following page 32 indicates the average date of.the
closing of navigation at various harbours in the gulf. In
keeping with the characterlistics of climate, 1t is apparent
that the harbours nearest the open Atlantic freeze later than

those which are more removed from the marine influence.
DECEMBER

When the surface water temperatures in the northern
part of the gulf drop below freezing point during late
Ndvember, ice begins to form in the northeast arm, especlally
in the shallow bays and confined stretches of water. This
ice 1s very light and no appreciable amount forms until
December. 1In addiflon to ice produced by local freezing,
‘heavy pack ice begins to enter the gulf through the Strait of
Belle Isle late in December. In spite of the fact that ice
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conditions are not serious in the Strait of Belle Isle through-
out most of this monﬁh, navigation generally ceasés about
December 1.

Ice forms falrly early in the lower St. Lawrence
River and estuary and along the north shore of the gulf
because these areas are removed from the moderating influence
of the open Atlantic., Large sheets of ice seldom deﬁelop
until January, however. Such factors as wind, tide, and
current churn the water, breaking up the young ice sheets
before they have grown to a thickness which will resist these
attacks. A large quantlity of 1ce broken by tidal action in
the 8t. Lawrence estuary is carried into the gulf by the
Gasp€ Current. This process begins in late December after
the ﬁpper reaches of the rilver haﬁé already contributed 1lce
to the gulf. |

Corresponding closely with the advent of low alr
temperatures throughout the gulf, the freezing of harbours
occurs later in the southern and southeastern areas. Even
here navigation 1s not customary after the end of the first
week in December. Although the Baie de Chaleur does not
freeze untll the latter half of the month, due to the great
silze of the body of water, the smaller bays and harbours
along'the western side of the gulf freeze before December 15,
Ice‘originating in the 8t. Lawrence River 1s carrled into the
gulf by the Gaspé Current and by westerly winds and spreads
out in southern areas where constant currents are lacklng,

filling Northumberland Stralt by the beginning of Januarj.
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The route through the Stralt of Canso 1s closed to

navigation about January 1, due to the blocking of the northern
entrance by ice, although the_éection south of Mulgrave re-
malns open. Many of the harbours situated along the Nova
Scotla and Prince Edward Island coasts do not freeze until
-late December, or in some cases, until late January. Cabot

Stralt remalns clear thréughout December.
JANUARY

IBy January the water temperatures have been lowered
sufficiéntly to glve rise to‘a large-scale production 6f ilce.
Pack lce formed in the gulf usually:attains a thickness of
two to four feet. Because of lower témperatures and a longer
ice season, Labrador pack ice 1s thicker,.sometimes up to
seven feet. The growlers which enter the gulf may be con-
slderably thicker. Occasionally, a sheet of ice 1s buckled
into ridges as a result of pressure caused malnly by powerful
-winds. Several thicknesses of 1ice may'be plled one above the
other forming a mass as thick as twelve or fifteen feet. Such
ridges occur most frequently in the vieclnlity of headlands.

- Large sheets form in the Stralt of Belle Isle and
the northeast arm of the gulf and, together with heavy 1ice
which enters the stralt from the Labrador coast, chokes up
the whole region. The amount of lce which drifts into the
gulf through the stralt is largely controlled by the tidal
currents. When the dominance of flow 1s inward for a few
days, more ice enters the gulf than at other tlmes, but the

actual amount is far less than 1t would be 1f there were a
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constant inward current. Some of this pack ice drifte south-
ward in the weak flow to other sections of .the gulf where it
may be incorporated into a large lce fleld or shifted about at
the command of wind and wave throughout tﬁe winter. Frequent
- northerly winds aid in driving the ice southward. A few small
icebergs and growlers, which have strayed from the Labrador
Current, may find their way into the gulf through the strailt
\ before it becomes plugged with pack ice. The west coast of
Newfoundland recelves the full benefit of the moderating
influence of the Gulf of 8t. Lawrence. Consequently, the
harbours along this coast do not freeze until January. BSt.
George Bay fills with river ice which seldom becomes cemented
into a fleld, but rather, the floes remain in motion all
winter. Offsghore, the northward—flowing currentlis effectlve
in defending the coastal area agéinst the invasion of 1ce from
the north until February. The north shore of the gulf remalns
fairly clear of pack ice throughout the winter, because of
the prevailing northwest winds which continually push the 1lce
offshore, and risky navigation is possible.

The central part of the gulf 1s covered wilth pack ice
which shifts about constantly. Leads are readily discovered
between the floes, but few shlps other than lce-breakers
aftempt navigation. The general movement of the lce 1n the
central gulf is from west to east, under the influence of the
prevaillng,winds and water currents. Conditions are never
static because the 8t. Lawrence River contlnues to dlscharge

ice into the gulf and new 1ce 1s forming 1n many areas.
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The 1lce 1is more.close1& packed in the southern part -
of the gulf because of the decreased current and the con-
finement of the basin by the land. By the mlddle of January
Northumberland Strait and George Bay are'usually fllled with
cloae pack 1ce and the Stralt of Canso 1s blocked at the
northern entrance. Such a volume of ice 1s swept toward the
constriction of the stralit that it packs solid and freezeé
into a compact mass which constitutes a "bridge," as it 1is
commonly called. The effect of this bridge 1s to prevent the
ice in George Bay from drifting into the strait. This results
in ice~free conditions south of Mulgrave and navigation in.
this stretch 1s posslble throughout most of the winter,:

Pack 1ce begins to emerge from the gulf through Cabot
Stralt about the middle of Jasnuary, but it 1s usually light
and scattered. In a year of severe conditions ice may be found
as far east as Miquelon Island in January, as was the case in
1943, On this occasion, January 24, 1943, patches of heavy
fleld ice were reported at a positlon thirty miles southwest
of Miquelon.29 Conversely, in a year of favourable conditions,
such as 1945, there may be no ice in the Cabot Stralt area.
On the average, Cabot Strait is partly covered with ice stream
ing out of the gulf, but 1t 1s ne#er frozen over from shore
to shore., Seldom does the lce extend southward of Flint

Island along the east coast of Cape Breton Island.

29y, 8. Treasury Department, Coast Guard, Internation-
al Ice Observation and Ice Patrol Service 1n the North
Atlantic Ocean, Season of of 1906, ﬁuIIetin 0. 32. Washington,

1947, p. 15.
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The harbours-along the Cape Breton east and south
coasts freeze during the second week of January, while those
along the south coast of Newfoundland and that of Halifax are
usually ice-free throughout the year. These ice~free harbours
are so located that they are protected from the invasion of
gulf 1ce, and they are climatically favoured in the retar-

dation of local ice-formation.
FEBRUARY

The main exodus of ice from the gulf begins 1in
February. Ice ffom the central sectlion 1s the first to move
out. While ice is leaving the gulf through Cabot Stralt,
heavy ice in the northeast arm continues to drlft southward,
eventually closing on the west coast of Newfoundland as far
south as the Bay of Islands. Some of this ice makes 1ts way
westward along the north shore. In addition, the 8t. Lawrence'
estuary adds ice to the supply. Consequently, the Cabot
Stralt outflow is partly compensated for by inflows 1ln other
areas~and by local freezing, but the net result 1s a loss of
lce.

Generally, Cabot Stralt is partly covered with 1ice
closely packed on the Cape Breton side and falrly open or
scattered on the Newfoundland side. In some years, as occured
in 1943, the ice closes in on the Newfoundland coast due to
sustained southerly winds, but this is not the usual con-
dition. Eastward of the strait the ice is more open and
lighter and scattered strings of ice frequently extend east-

ward to the 58th meridian and southward to the L46th parallel.
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Occasionally, northeast winds cause the ice to move southwest-
ward along the soufh coast of Nova Scotia,‘blocking the H
harbours. |

The southern part of the gulf remains packed with ice, .
much of it shifting, but little departing from the area to
stream through Cabot 8tralt. The bays, including the Bale de
Chaleur and George Bay, are frozen over completely or are
fillled with closely packed ice which has been cemented inte
large sheets presenting a mosalc appearance., Other areas are
covered with lce of a comparable description, except that
there are wilde leads between the sheets, particularly in
Northumberland Strait, |

As early as February, therefore, the withdrawal of ice
from the gulf 1is inaugurated on a large scale. This wilth-
drawal 1s the normal result of the control of winds and
currents and does not indicate that the ice is melting or
breaking up due to mild weather. It is mailnly the central area
between Anticostl Island and Cabot Stralt which contributes to

the initial outflow.
SUMMARY

The Gulf of 8t. Lawrence reéeives ice from two maln
sources, the St. Lawrence River and estuary, and the Labrador
coast through the Strait of Belle Isle. This ice from outside
mingles with locally formed ice closing the gulf to navigation
i1n winter. The northeast arm and the western and southern
sectlions of the gulf are the first to become ice-covered.

Then the central area fills up and the lce closes the open
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strip along the west coast of Newfoundland. Eventually, the
ice begins to emerge from the gulf through Cabot Strait. Only
the fringes of the gulf are frozen solid; most of the area 1s
covered with shifting pack ice. The southern part 1s the
more closely packed, but even here leads and pools of open

water are found throughout the winter.



CHAPTER 1V

ICE DISTRIBUTION IN THE BREAKUP SEASON

DURING THE YEARS 1940-1952 INCLUSIVE.

The general ice conditions during the winter months
indicate that the clearing of the gulf takes place over a long
period of time and that the ice leaves primarily through Cabot
Stralt. With thls background the breakup season 1is considered.
The behavliour of the ice in this season of clearing can be
traced with>some preclsion because detalled information 1is
avallable for most of the gulf, except for the northeast arm,
Although information concerning the breakup in the northeast
arm lg lacking, 1t 1s known that fhe ice north of é line from
Natashquan to the Bay of Islands does not discharge through
Cabot Strait, but remains in the gulf until it has melted.

The following description of actual ice conditions
in March and April of the years 1940 to 1952, inclusive, 18
based on information obtalned by aerial observation. The data
employed were incomplete concerning March but were detailed
concerning April. This detailed information in April enabled
the determination of limits of the main ice areas at spepi—'
fied dates, and these limits are shown on the maps 1in the
Appendix. The main ice areas do not include reglons of widely
scattered strings and small patches of 1ice.

The graphs which accompany the maps are designed to
reveal the temperature characterlstlics of the lce seasons.

Statistics for the difference from average of the mean



4o
monthly temperature were used to achieve these results, 30
In the case of the years 1940 to 1950, incluselve, figures for
twenty-seven meteorologlcal stations were used in construction
of the graphs, but in the other two cases, 1951 and 1952, only
elghteen stations were used. L The abbreviated 1list published

in the Monthly Weather qu32 was employed lnstead of that 1in

the Monthly Record for these two years. The twenty-gseven

stations are indicated on the map followlng page 40, with
additional ones which were used as replacements in the event
éf blanks in the record. Those statlions used for the 1351
and 1952 graphs are underlined. |

Because the graphs are intended to show thevgeneral
temperature characteristics of the season over the water
area of the gulf, statlons situated on the coast near sea-
level were chosen as most representative. As many stations
as possible were included in order that deviations from
average due to local causes might be minimized in company with
other stations. In view of'the nature of the iqe data avalla-
ble, a breakdown of temperatures'in various parts of the gulf
was deemed unwarranted, consequently, the'stations lose.their

local identity and represent points in the Gulf of 8t.

3oDepartment of Transport, Meteorological Division,
Monthly Record (monthly statistics series). Toronto,
940-I950. :

3lThe.reduction in number of statlions in these years
was necessliltated because the Monthly Record had not yet
reached the publication stage.

32Depzssu'tmen1: of Transport, Meteorological D.ivieionS

Monthly Weather Map (monthly weather map statistics series
Toronto, 1951-1952.
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Lawrencé area as a whole.

The horlzontal axis, zero, is symbolic of the average
temperature of every station in the gulf region, although the
averages may differ. Each dot represents one statlon., The
difference from average at'each station in whole degrees
Fahrenhelt is found along the vertlical axis; each station
recording an average monthly temperature which 1s above 1ts
all-time average 1s located above the zero.line, while each
ohe recording a below average temperature 1s found below the
line. If the figure for a statlion colncides with the average,
to the nearest degree, the dot 1s placed on the zero line.

.It musf be emphasized that this chapter is primarily
a presentation of data. Further inﬁefpretation of the ma-
terial will be found in following sections. The maps for
each season are designed to accompany the text and should be

consulted in conjunction with it.
SEASON OF 1940

During March there was a conslderable area of open
water in the gulf, particularly in the central sectlon along
the steamer track.33 A great deal of close packllcé lay in
the soufhern half, although there were.pools of open water
and numerous leads. The exodus through Cabot Strait was in

progress.

33The Ugteamer track" 1s the direct route from Cabot
Strait to the St. Lawrence estuary south of Antlcostl Island
which 1s followed by most ocean vessels.



32

By early April the ice was meiting and breaking up in
the western part of the gulf. The open channel along the
steamer track had widened, but the passage through Cabot Strait
on the Newfoundland side remained constricted. The Bale de
Chaleur was clearing along the northérn side. Northumberland
Strait and the east coast of Prince Edward Island were open;
.8imllarly, there was open water in the vicinity of the
Magdalen Islands. The ice was confined, essentially, to the
eastern half of the gulf at the middle of Aprill.

. The bulk of the ice had withdrawn from the gulf by
April 25 when the main fleld lay off the east and south
coasts of Cape Breton Island. Shortly after the middle of the
month the route through the Stralt of Canso, George Bay, and
via East Polnt became open. Some scattered ice which consti-
tuted a danger to navigation remained in Northumberland
Strait until the end of April. The fleld off the east coast
of Cape Breton covered a relatively large area durlng much
of Aprll and reached along the south coast as far as 8t.
Esprit, but it shrank quickly in the last week, revealing'
open water across the full wldth of Cabot Strait.

On the whole, ice condlitlons were not severe during
this season of 1940. The breakup was well under way in March
and was accelerated durling April. The clearing proceeded
from west to east and the last remaining ice of any conse-
quence was found off the Cape Breton coast.

The graphs 1ndi¢ate that the season was warmer than

average, in splte of the fact that two months, November and
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April, were definitely below normal. March was nearer the
. average than any of the other months. The milld winter’assured
that ice condltions would not be severe by preventing thé~1ce

from becomling unduly thick or extensive.
SEASON OF 1941

‘ Close pack lce covered about half of the gulf in
March, 1941, although there were some large patches of open
water, especially between Anticosti Island and Gaspé and in
the southern part of the gulf. The Cabot Strait reglon was
choked up wilth close pack ice which extended a great distance
southeastward.

The western part of the gulf was meinly clear by
April 5, except for ice in.the Bale de Chaleur and this ice -
was moving out quickly. As in 1940, open water was found
along the east coast of Prince Edward Island. The ice had
moved to the eastern side of the gulf where 1t covered the
steamer track and completely filled Cabot 8trait. Eastward
and southward of the stralt the field was unusually extensive
because the quantity of ice in the gulf was great and the
clearing'took'place rapidly.’ The ice was packed on the Cape
Breton east coast. |

By the middle of April the ice had receded from the
central sectlon, opening a narrow passage through Cabot Strait
and along the steamer route. Along the east cogst of Cape.
Breton the lce had moved offshore with westerly winds, but
the fleld remained extensive. Northumberland Strait, George

Bay, and the Stralt of Canso opened during the third week of
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the month, although ice clung to the west coast of Cape Breton
until nearly the end of Aprilt. The field outside Cabot
Stfait, which was still offshore, had contracted by April 25
and disasppeared shortly after. Between Heath Point and Cape
8t. George the ice lingered until early May.

The breakup was well advanced by the end of the first
week in Aprililn this season and the whole area was ﬁracti-
cally clear by May 1. Consldering the quantlty of ice which
had to be expelled from the gulf, more than in 1940, the
breakup was reasonably swift and followed a normal pattern.
The 1ce made 1ts way from west to east and passed through
Cabot Strait in the same manner as it had done in 1940, except
that the stralt and the steamer track were lce-covered until
a later date and the greater volume of lce was spread over a
wider area beyond the strailt,

Temperatures in the gulf area were near average 1in
November, but were definlitely below average in December and
Jénuary. February temperatures were remarkably high, while
those of March and April'were nearer normal., The fact that
the ice was heavier than in 1940 was probably due to the lower

temperatures in December and January.
SEASON OF 1942

The 1lce was less extensive during March, 1942, than
it had been the year before. Frequent northerly winds
throughout March and April shifted the ice to the southern
part of the gulf., As 1n previous years, the Bale de Chaleur

began opening filrst along the northern slde. It appears
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llkely that this pattern of clearling 1s chiefly determined by
the islands which narrow the mduth of the bay. Open water
extended southward from the Bale de Chaleur into Northumberlahd
8tralt., The steamer track was clear, unllke the condition 1in
1941, and fhere was an open route through Cabot Stralt on the
Newfoundland side. Beyond the strait the northerly wilnds
had carried the ice far southwérd along the south coast of .
Nova Scotia.
| The southerly movement of the ice continued through-
out April under the influence of northerly windé; A shore.
lead along the north coast of Prince Edward Island was
pinched out by tﬁe middle of thé month. The improvement 1in
the southern section where the 1cé flelds had contracted by
April 15 was paralleled by the invasion of an extensive fleld
fﬁom thé north which covered a large part of the steamer track.
After the middle of April the ice was slow in rounding Cape
North and tended to remain in the reglon of George Bay.

. During late April the fleld south of Anticostl Island
still constituted a hazard. Although George Bay and the
Stralt of Canso had been clear on April 25, close pack ice
was‘drifted into the bay by winds a few days lafer, closing
navigation until the ice withdrew on May '3 and eventually made
its way up the west coast of Cape Breton and around Cape
North. The south coast of Cape Breton was clear throughout
April because there were no souﬁherly winds powerful enough

to push the ice on shore.
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At the beginning of April the breakup was sufficiently

advanced to indicate an early opening of all navigation routes.
Much of the gulf was open and the ice, confined to'the éouthern
section, was loosely distributed over a wide area.' However,
the flow of 1ce through Cabot Strailt was restricted by
hdftherly winds and the ice accumulated along the west coast
of Cape Breton. In addition, a large field encroached on the
steamer track south of Anticostl Island and dispersed very
slowly. As a result, the pattern of breakup differed from
that of the previous two years in the fact that the ice 4did
not drift freely from west to eaét, taking advantage of the
full width of Cabot Strailt as an exit. Rather, 1t stagnated
in the southern section and clogged the George Bay-Stralt of
Canso area until early May.

In respect to temperature, November and January were
the only months which were distinctly below average. The rest
of the months were warmer than normal, March in particular
when temperatures ranged from three to ten degrees above
average. The December, March, and Aprlil temperatures were
higher than in 1941 which accounted for the lighter ice

conditions experienced early in the season.
SEASON OF 1943

Most of the gulf was lce-covered throughout March,
In many areas the 1ce was closely packed, especlally 1in the
Bale de Chaleur, around Cape Breton Island, and in Cabot
Strait.\ Outside the stralt the southward and eastward

extension of the ice was greater during the latter half of
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- March than during the first half. This condition was a normal
refleétion of the acceleration of the clearing during the
-breakup season, Because westerly winds prevented the ice from
closing in on the south coast of Cape Breton, it remained clear.
| "Early in Aprll there was still a great deal of open

pack 1ce in the gulf. The steamer track was unnavigable,
although 1t was opening south oflAnticosti Island, Little
improvement had taken place in the Bale de Chaleur. East of
the Magdalen Islands the ice was very open, but Cabot Strait
was_still partly filled with close pack 1ce. With frequent
southerly winds the ice was,withdrawing northward from
George Bay, leaving the Sf:ait of Canso and the bay open.

This northwafd movement of the lce contlnued through
April and led to the early clearing of the southeastern
section of the gulf. Close pack ice remained in central
regions and along the steamer track, however, untll late in
Aprll, The fact that the ice moved northward blocking the -
mouth of the Bale de Chaleur was responsible for the retarded
breakup of the bay. Cabot Stralt began to open first on the
Cape Breton side as the ice receded from the coast., Thie
unusual pattern of clearlng was caused malnly by southeriy
winds. The gulf cleared fapidly_during the last few days of
April and the steamer track was navigable throughout on April
30, Some 1lce remained until early May in the Bale de Chaleur
and off the west coast of Newfoundland. .

The 1943 breakup followed quite a different pattern
from those of the preceding three years. In this season ice

in the main body of the gulf was more abundant. It cleared
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first in the area east of Gaspeé Peninsula, then in the south-
eastern parf of the gulf, and last of all, 1h the centfal
gsectlion along the steamer route. vThe main contributing factor
in thls withdrawal was the frequent occurrence of southerly
winds. | |

In the matter of temperature during the ice season, 1t
is apparent that below normal conditions prevalled in every |
month except November and February. Only February. was |
decidedly warmer than average, whlle December, January, March,
and April were considerably coldef'than average. These lower
temperatures led to the occurrence in this season of wide-

spread, heavy ice, much bf which was closely packed.
SEASON OF 194

The breakup proceeded with rapidity during March,
Although the ice was falrly extenslve early in the month,
strong northwest and west winds opened up the ice throughout
the‘gulf and carried 1t eastward to feed a broad stream of
ice drifting through Cabot Stralt. A narrow passage remalned
open on the Newfoundland side during mest of the ﬁonth,
probably owing to the inward current. The southward and east-
ward 1limits of the 1lce outslde the stralt approximated those
of April 5. In late March the eastern part of the steamer
track cleared and the ice receded from the whole west coast
of the gulf, except in the Bale de Chaleur. This rapid
dispersal may be attributed, chiefly, to sustalned northwest

winds.
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By April 5 the ice had withdrawn to the Cape Breton -
~Islané region. Close pack ice in Northumberland Strait and
George Bay blocked the route through the Strailt of Canso and
reached ub the west coast of Cape Breton. As in 1940 and
1941, the east coest of Prince Edward Island waevopen. This
evidence supports the conclusion that southeast coastal areas
are cleared readily by northwest winds., Cabot Stralt remained
partly lce-covered and the 1lce in the dispersal area was
unusually extensive as a result of the presence of a large ‘
qgantity of ice which left the gulf during March. Along the
Cape Breton east coast the lce was inshore, filling Sydney
harbour. _ |

Northumberland Strait had largely cleared by the
middle of April. Southwest‘winds moved the ice in George Bay
northward on April 15, rendering the route navigable, but
northerly winds caused 1t to invade the bay again on April 17,
obstructing the passage. In the Bale de Chaleur the ice had
opened and was dispersing, in splte of the fact that 1ts
limits had changed little since April 5. The field 1in Cabot
Stralt and beyond was diminishing and had receded from.the
Cape Breton coast with southwest winds.‘.As a result, Sydney
harbour cleared.

Most of the gulf was clear by April 25 with the
exception of ice in George Bay and the Stralt of Canso whieh
prevented navigation until April 27, and along the weet coaet
of Cape Breton. Some flelds of ice remalned offshore beyond

Cabot. Stralt, but these were disintegrating rapidly.
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The pattern of breakup in 1944 resembled that of 1942
in certain respects. There was a wlide area of open water on
April 5 in each case, but the conditions during March were
different. In the one inetance, 1942, much open water was
vigible in March, while in the other, 1944, the ice had been
extenslive but cleared rapidly. In both cases George Bay was
invaded by 1ice at a late date owlng to. northerly winds.

The temperatures of fhe autumn were high enough to
retard lce formation. December and January were in contrést;
the first was well below average and the second was well above.
February temperatures were near normal, but those of March and
Aprll were lower. The fact that the ice conditions were not
g0 severe as in the year before would suggest that the

temperatures were higher, which was the case,
SEASON OF 1945

The season of 1945 was singular in its paucity of ice,
owing to mild winter temperatures. During March the lce
which did exlst was segregated in the southern part of the
gulf, George Bay was filled with close pack ice which ex-
tended up the west coast of Cape Breton Island, elsewhere,
the ice was falrly open. The flow of ice through Cabot
Stralt was very limited in amount and was confined to a
narrow belt on the Cape Breton side. The stralt was never
closed during the month. 1In the dispersal reglon the lce
fleld reached its greatest extent during early Maréh, then
it diminished rapidly during the latter part of the. month,.
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This fleld was of lesser dlmensions than those of previous
years. Only on one.océasion, at the middle of March, did the
lce move onshore along the south coast of Cape Breton in the
vicinity of Louisburg, but this incursion, caused by easterly
winds, was short-lived.

The gulf was ﬁract;cally clear by the end of the first
week in April., The only ice remaining was in the Bale .de
Chaleur, around the Magdalen Islands, in George Bay, and along
the west coast of Cape Breton. Most of this ice moved out
quickly, rendering the route through the Stralt of Canso
navigable by April &. The field off the Cape Breton east.
coast had almost completely dissipated and left only a strip
of ice near shore. .

The whole season of 1945 was characterized by mild ice
conditions, Ice was late in forming in the fall and was never
very extenslive during the winter, consequently, the breakup
and final clearing occured remarkably early. The pattern of |,
breakup was similar to that of 194k, although the amount of
ice involved was much less. The'ice departed from the gulf
via a route lying on the southern side of Cabot Stralt.

Inside the gulf 1t lingered 1n three particular areas a little
longer than in others, the Bale de Ghaieur, the vicinity of
the Magdalen Islands, and the George Bay region.

Exceptionally high temperatures throughout the season
were mainly responsible for these clement ice conditions.

All months, eicept December, were considerably warmer than

average and even December was slightly warmer than normal..
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SEASON OF 1946

Little 1nformat;6n was avallable concerning ice con-
ditions in March., It 1s established that there were wide .
areas of open water in many sectlons of the gulf throughout
the month., Prevalling northwest winds during March led to
the removal of a considerable quantity of ice through Cabot
S8trait. The steamer track was almost clear at the end of
the month.

By April 5 the track was navigable with patches and
strings of loose lce and fhe western part of.the gulf was
clear. Northumberland Stralt was navigable from the western
entranée to Pictou Island. The majority of the ice in the
gulf lay in the southeastern sectlon along the north coast of
Princé Edward Island and the west coast of Cape Breton Island.
- George Bay and the Strait of Canso were unnavigable, In
Cabot Stralt a narrow strlp of lce was pressed close against
the land and the 1ice was inshore along the Cape Bretbn east
coast, The'ice field beyond the stralt reached far southward;
but ite eastward extent was more limited. Frequent northeast,
winds during April undoubtedly caused this southward drift
of the ice.

The fields gradually diminished throughout the rest
of April without any drastlic alteratlons of thelr positions,
although in mid-April a tongue of ice was thrust southward
along the Nova Scotia south coast by easterly winds. George

Bay cleared in the latter half of the month, enabling the
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commencement of navigation on that route. It was not until
the last week of April that the ice in the fleld off the west
coast of Cape Breton opened up and rounded Cape North to
disslpate beyond Cabot Stralt. Only a few patches of 1ce'
remained by May 1.

During the winter of 1946 a moderate quantity of ice
appeared in the gulf, but rapid clearing o&curred in March.A
Throughout April the wlthdrawal of the ice proceeded more
slowly, in a manner similar to its behaviour in 1942, In both
cases northeast winds prevalled during April which drove the
ice southward and tended to discourage its free movement
through Cabot Stralt.

The first fouf months of the 1946 ice season were
characterized by temperatures near the average. March
temperatures were somewhat higher than normal and April
temperatures were slightly lower. The situation with regard
to ice was not inconsistent with these data, The near aver-

" age temperature conditions indicate that this particular

season may have experienced near average amounts of ice. .
SEASON OF 1947

The }ce in the gulf during March was more extensive
than i1t was the year before. Although there were few areas
of open water, one of which lay along the éast coast'of
Prince Edward Island, the ice opened up a great deal in March,
especially along the steamer track. The flow through Cabot
Stralt was not excessive and the 1ce fileld beyond the stralt

was unusually contracted.
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~Early in April a large area in the gulf was still
lce-covered, but much of the ice was open and scattered. As
was customary 1in formér years, the Bale de Chaleur cleared
first along the northern side. The steamer track and a strip
in the southwestern part of the gulf, including Northumberland
Stralt, cleared during the second week of April., The route
through the Strait of Canso and George Bay aiso became navi-
gable at this time, In the dispefsal region the field was
very limited in extent and a shore lead existed along the
northeast coast of Cape Breton. Occasional periods of
southerly winds were effective in clearing the southern part
of the gulf readily and in maintaining‘a shore lead along the
east coast of Cape Breton.

.The central section of the gulf between the Magdalen
Islands and Prince Edward Island where the ice was scattered
cleared after April 15. Cabot Stralt was essentially clear
at this time. Toward the end of tng month the fleld off the
Cape Breton west cpast broke up and began moving rapldly
around Cape North. The fleld off the east coast retreated
from shore and the 1ice dispersed shorfly afterwards. North of
the steamer track some ice remalned until May.

' The breakup pattern of 1947 bore a close resemblance
to that of 1941, The ice was reasonably extensive and heavy
during March. It cleared first in the western part of the
gulf, along the steamer route, and in Northumberland Stralt
and George Bay, then in the central area, and last of all,

along the west coast of Cape Breton, north of the steamer

track, and in the dispersal region.
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A simllarlty was also evident in the ice season
’temperatures of the two years} February was unusually warm in
both years. The first three months of fhe 1947 season weré
colder than normal and April was colder still, March, like
February, was above average, although the ice was fairly
~extensive in spite of i1t, thus indicating that low early

winter temperatures are critical in ice formation.
SEASON OF 1948

At the middle of March the whole gulf was ilce-covered.
The lce was more closely packed in the southern part, but
there was little open water anywhere. Beyond Cabot Strait
the lce was spread over a tremendous area. Clearing procéeded
rapldly during the latter half of the month with strong
westerly winds and several areas opened sufficlently to reveal’
open water, particularly along the steamer track. A very
narrow shore lead existed in Cabot Stralt off Cape Ray and
Cape Anguille. The 1limlts of the field in the dispersal
région had receded to the positions where they remained
throughout April.

The speedy withdrawal of the lce from west to east
continued in April ailded by strong northwesterly gales. Much
of the western part of the gulf was clear early in the month,
except for the Bale de Ghaleuf which was closely packed on
the southern silde. The eastern part of the steamer track
was still closed by ice, although the narroﬁ shore lead
remained‘along the Newfoundland coast. Similarly, the Cape

Breton east coast was clear throughout the month,
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Northumberland Stralt and George Bay were opening up, but were
not clear until the third week of April; The Strait of Canso |
which had been clear on April 5 was admitting a flow of
scattered 1ice ?hat impeded navigation.

Toward the end of April the ice was malnl& confined to
the_Gape Breton area. Cabot Stralt was largely ice=covered
and the field beyond occuplied an area as great as that on
April 15. The ice, which had been offshore throughout April,
was driven on the coast on April 27 by strong northeast winds,
leaving Cabot Strait essentlally open. Here the field
remained until it loosened up and dispérsed after May 9 with
westerly.winds. Sydney harbour was completely blocked until
this date. '

The large quantity of 1ice in the gulf early in the
breakup season cleared rapldly, galning exlt through Cabot
Stralt. It occupled most of the strait during March and April.
The ice withdrew from west to east in a normal manner and
vacated the George Bay area before the Cape Breton north and
east coastal areas. However, the ice in this last-mentioned
reglon moved onshore at the end of April and did not clear
~until the second week of May. Essentially, the breakup re-
sembled that of 1941, except that the Cape Breton regilon
waé encased by ice until an exceptionally late date.

Temperatures were above average in November and
January, near average 1n December, and dlstinctly below
average in February, March, and April.v Although the early

winter temperatures were slightly above average, there was
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a great amount of heavy lce in this season. The importance

of low early winter temperatufes is reduced by this fact.
SEASON OF 1949

" In the season of 1949 the ice was somewhat lighter
than the year before, nevertheless, 1t covered a wide area.
The majority of the ice was inside the gulf on the March 15;
the steamer track east of the Bird Rocks as well as Cabot
Stralt was clear, and beyond the stralt there were a few
patches of loose ice only. By March 25 the ice had moved
eastward under the lnfluence of northwest winds, covering the
steamer track and all but closing Cabot Stfalt, except for a
shore lead around Cape Ray. It had drifted along the Cape
Breton east coast to Scatarl. Accompanying this movement was
a withdrawal of ice from the Gaspé coast. The clearing of the
Bale de Chaleur was in progress, with the icé moving out of
the northern half. Other parts of the gulf remained 1ce-
covered.

Great improvement had taken place by April 5. The
most notable was the retreat of the ice from the western part
~of the gulf and the opening of the steamer track. Although
the steamer route was navigable; there was considerable
scattered and open ice in the area, Cabot Strait 1téelf was
falrly open, but the field outslde the stralt had been driven
onshore along the east and south coasts of Gape Breton by
northerly winds. _

By the middle of April the Bale de Chaleur was clear

and most of Northumberland Stralt was open, whlle scattered



| 58
ice was strewn over the steamer track, although 1t was navi-
gable. George Bay and the west coast of Cape Breton were st111
ice-covéred, but were swiftly clearing. Along the Cape B}eton
south coast the ice had moved offshore. All these areas were
clear by the end of the third week of Aprll. Finally,
northerly gales on April 25 broke up the entire field located
off the east~coast of Cape Breton and scattered the ice widely.

The ice season was not severe in 1949. Once the
ciearing began in earnest after March 15 1t proceeded speedily
and in an orderly fashion. Moving from west to east, the ice
departed from the gulf through Cabot 8tralt and left behind
few traces after April 25. Thils season may be compared with
1940, for ﬁhe breakup followed a similar pattern, although
the ice was much lighter in 1949,

| The light ice conditions were due, in part, to
remarkably high temperatures. All months except February were
four or filve degrees above average at many stations. February

temperatures were nearer average,
SEASON OF 1950

During March, 1950, the flow of ice through Cabot
Stralt was in considerable volume. Several areas were open
toward the end of the month; among them were the western part
of the steamer track and the region from the Bale de Chaleur
to Northumberland Strait. The rest of the gulf was ice-
covered. Cabot Strait was fllled with ice and the fleld
outside was hnusually extensive because of the abundance of

ice and the moderately rapld rate of clearing during March.
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The steamer track was essentlally clear by April 5,
except for a tongue of ice which was thrust across it near
Cape Anguille by northerly winds. Frequent northerly winds
were packing the ice in the southern part of the gulf., The
Baie de Chaleur was opening along the northern slde and
Northumberland'Stralt was partly clear. Drift ice was strewn
over much of the central section of the gulf. In Cabot Strait
the ice occupled only the southern half, but the field in the
dispersal'region remained extengive. Although the ice had
been offshore along the east coast of Cape Breton on April 3,
it moved onshore a few days later.

'By Aprll 15 the 1lce was compacted in the southeastern
section of the gulf and iﬁ the dispersal region, with the
exception of a broad band of 1ce which had been drifted
southward across the steamer route by the northerly winds.

The Bale de Chaleur had largely cleared and was navigable to
Dalhousle. George Bay, however, was full of ice and the
‘Stralt of Canso was dlscharging 1c¢e southward into the
Atlantic. Close pack ice covefed the part of Cabot 8tralt
between Cape North and St.\Paul Island. The ice was still
close inshore along the east‘coast of Cape Breton and, in
addition, the field had moved a great distance southward and
occupled the south coastal area.

, Toward the end of the month northerly winds held the
ice in the southeastern part of the gulf, restricting the
flow around Cape North. The steamer track had cleared and

the fileld beyond Cabot Strait had diminished, but a great deal
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of ice remained inside the gulf which must eventuélly arrive
in the area of dispersal. The clearlng of the southeastern
part of the gulf was gradual; the Strait of Canso was not
entlrely clear for navigation until May 7 and the 1ce lingered’
along the Cape Breton coast until the middle of May. ‘Once\
around Cape North the ice spread over a wide area, no longer
constituting a danger to navigation.

The ice in this season was reasonably extensive and
heavy. The pattern of clearing during April was more from
north to south than from west to east; Northerly winds were
mainly responsible for the accumulation of the ice in the
southeastern portion of the gulf. These conditions resembled
those of 1942 when the ice seemed to stagnate in this area,
but the situation wag worse in 1950 because the lce was more
abundant and the final clearing was postponed even longer.

Concerning temperature, December and January were
the only months whilch were warmer than average. The latter
part of the season was colder, with February and March much
colder than average. These conditlons approximated those of
1948 and lend welght to the assertion that late winter
temperatures which are well below average may lead to an

abundance of ice,
SEASON OF 1951

The season of 1951 displayed a most pecullar irregu-
larity. Throughout the season the lce was segregated 1n the

western part of the gulf. At the end of the first week in
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March there'was practically no ice east of the 62nd meridian.
West 6f thies meridian the lce was open 1n the central sectlon
and closely packed near shore. As March progressed the ice
dispersed in the offshore areas, while it remained closely
packed along the New Brunswick coast, 1in Northumberland Stralt,
and along the north shore of Prince Edward Island.

Strong and sustained northeast and east winds through
March and April were directly responsible for the accumulation
of 1§e along the west shore of the gulf. By April 5 the field
north of Prince Edward Island was dlsappearing and the Bale de
Chaleur was opening along the northern side. Most of
Northumberland Strait was clear. A southward movement of the
1ce took place in the second week of April when the wind
becamé more northerly, leaving'the reglon off the.mouth of the
Bale de Chaleur clear of ice. On April 16 brisk westerly
winds finally loosened up all the ice in the southern part of
the gulf and it drifted éeaward. By April 25 the only ice
obstructing navigation was located 1n Northumberland Stralt,
but 1t dissipated before the énd of the month,

The pattern of breakup 1ln 1951 was not paralleled by
any of the previous ten seasons. The ice conditions were as
lenient in thils season as they were in 1945, The main
distinction between the seasons lay in the fadt that the 1ce
which entered the gulf from the St. Lawrence River was packed
along the New Brunswlck coast by easterly winds, rafher than
carried through to Cabot Stralt by westerly winds. The

concentration of ice along this coast had. the additional
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effect of rétarding the breakup of the Bale de Chaleur. When
the 1ce dispersed 1t scattered widely and did not»hinaer
navigation in other areas. The routes through Cabot Strait
and~the Stralt of Canso were clear throughout March and April.

The ice season was remarkably mild, perhaps the
mlldest of the years examined. Temperatures were several
degrees above average in every month. A great part of the
gulf was ice-free throughout the season, and it is definite

that the ice was exceptionally light.
SEASON OF 1952

The whole central section of the gulf was clear by the
- middle of March and the main lce area was in the southern
portlon.' Much of this area was covered with close pack 1ice.
Northerly winds through February and March drifted the ice |
southward. The flow of ice through Cabot Strait increased
toward the end of March with the stralt half covered, but the
ice was of limited extent beyond.

In early April the Bale de Chaleur continued to clear
_along the northern side, and Northumberland Strait and George
Bay were beginning to open up. Most of the 1lce had retreated
even further southward, Off the east coast of Cape Breton the
ice had spread over a larger area and had moved onshore, also
encroaching on the south coast. Because the winds during
April were light and varlable in direction; they did not shift
the ice to other reglons or encourage its qulck withdrawal

from the gulf.
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The clearing progressed gradually, resulting in more |
areas of open water by the middlé of the.month; especlally
around Prince Edward Island. Cabot Stralt was mainly open
. and the ice beyond had receded from the Cape Breton coast.

By the end of Aprll the ice flelds had shrunken, but consider-
able ice remained as a formidablé obstacle to navigation.
Close pack ice covered the eastern half of George Bay and much
of the 8tralt of Canso, as well as the Cape Breton west coastal
reglon. The drift ice in the eastern half of Northumberland
8trailt prevented navigation via this route. Strong northwest
winds on April 24 were effective in clearing the east and
south coasts of Cape Breton, leaving only a few scattered
patches and strings. George Bay and the Stralt of Canso were
not clear untll May 3 and some ice lingered in Northumberland
Strait for another week.

| The breakup of 1952 was similar to that of 1942, ten
| vyears earlier. In both years the gulf began clearing ét an
early date, but ice remained in the southern sections until
early May, blocking the Strait of Canso route. The retar-
dation of the breakup was to be attributed primarily to
northerly winds, which packed the ice in the south, and to
the lack of sustained perlods of southerly or westerly winds,
which would have accelerated the exodus.

The records of temperature indicate that the season
was above average in this respect. November and December were
nearer average than the Bther four months which were above,
The 1ce wés more extensive than in 1951, but the ice season

was stlll lighter than normal.
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THE NATURE OF THE BREAKUP AND THE DETERMINING FACTORS

PATTERNS AND RATES OF BREAKUP

It is apparent from the examination of the maps of ice
condlitions in the Gulf of 8t. Lawrence that the pattern and
rate of breakup varies 1mmensely from year to year. Never-

. thelesé, the fundamental drift of the ice 1s from west to east.
Cabot Strait, constituting the main outlet from the gulf, is
the destination of most of fthe ice, exéept for that in the
northeast arm. Deviations of the ice from the most directv
route to Cabot Stralt, which are caused by numerous factors,
are fesponsible for the different patterns and rates of
breakup.

In Most years there are certaln areas which become
free of ice before others. A tfiangular region off the south
coast of Newfoundland, with the apex at Cape Ray, 1s generally
lce~-free throughout the year and‘a passage around Cape Baj and
Cape Anguille 1s open most of the time. The central part of
the gulf northwest of Cabot Stralt discharges 1ice in January
or February, but 1t contlinues fo recelve more from other
sections and, as a result, 1%t 1s geldom the first area to
become clear, although it clears before the southern part.

The stretch south of Anticosti Island appears to open first,
then the western section and the steamer routé, and finsally,

the southeastern section and the dispersal reglon.
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While ice remains in the Bale de Chaleur after the
area outslde 1s clear, it is usually confined to the southern
slde. Northumberland Stralt clearS'fromxwest to east and the
east coast of Prince Edward Island tendes to open earlier than
its surroundings. Silmillarly, the area immedlately east of the
Magdalen Islands frequeﬁtly opens early. Chedabucto Bay and
thedsouth coast of Cape Breton are encroached upon by 1ice
Qccasionally only. Although.these general features of the
breakup ére characteristic of most seasons, 1t 1s éossible to
differeﬁtiate the seasbns on the basls of several recurrent |
patterns and rates of withdrawal.

- The thirteen seasons may bé divided roughly into two
categorlies, with two exceptions. The flrst group compfises
the years 1940, 1941, 1945, 1947, 1948, and 1949. During
these seasons the ice drifted from west to east and vacated
the souﬁhern part of the gulf in a normal course of with-
drawal. The Bale de Chaleur, Northumberland Strailt, George
‘Bay, and the 8tralt of Canso were clear béfore the dispersal
region, and open water appeared off the coast ofAPrince '
Edwérd Island at an eaﬁly‘date. Generally, the steamer track
was not clear much in advance of the séuthgrn regions. In
all but the two seasdns of 1940 and 1949, some ice along the
west coast of Cape Breton was slow in rounding Cape North, but
the delay was not lengthy. Also, in the case of 1941 and
1947, the 1ce lihgered unduly late 1n'the region north of the
steamer track. Otherwlse, the breakups followed a reasonabiy'

consistent pattern.
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The rate of clearing was falirly rapid throughout both
March and April during these seasons. Of course, the amount
. of ice present was a declding factor in determiﬂing the date
of 1ts complete. dlsappearance. For examplé, in 1945, the gulf
was practically clear by thgifirst of April, whlle in 1947,
1t was not clear untll early May. In spite of thils, the actual
rates of'breakup were comparable. The breakup of 1948 differed
slightly from the rest in that it progressed raplidly until the
end of April, then the ice lingered on the west coast of Cape
Breton. The movement of the ice in these years was reasonably
direct and at a rapld pace, without stagnating in the southern
part of the gulf.

The second group includes the ice seasons of 1942,
1944, 1946, 1950, and 1952, which witnessed such.stagnation
as falled to occur in the years discussed previcusly. Ice
remained along the west coast of Cape Breton until exception-
ally late dates. In'most cases, the clearing progresged
untill all but the southeastern section of the gulf was free
of 1ice, fhen the process of clearing slowed and the ice
appeared to stagnate. |

Although the steamer track was freqdently clear in
advancerf the southern areas, ice from the north was thrust
southward across the route in 1942 and 1950, hindering
navigation until after the middle of April. As a rule, the
flow of ice through Gabbt Stralt was restricted in April,
leaving the stralt partly open. Usually, Northumberland
Stralt opened before George Bay, but in 1952 1t was the last

place to clear. The east coast of Prince Edward Island
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generally cleared before the Cape Breton slde of the strait,
but in 1946 it was blocked late in April after being c%éar
moet of the month. On the other hand, the north coast of the
island was slow 1n clearing, except in 194, Thils season
displayed'some of the characteristics of the first group,
however, 1t differed from them particularly in its rate of
breakup. |

_AIn respect to rates of breakup, the lce 1ln these years
became slugglish toward the end of the season. Rapld clearing
during March followed by gradual withdrawal in April was the
experience of the seasons of 1944 and 1946. A similar rate
of clearing prevailed in 1942 and in 1950, except that the
rate was not so swift in March. The 1952 season differed in
the fact that the withdrawal was slow in both ﬁonths. The
ice seasons 1n this second group, therefore, were character-
1zed by an early spurt of clearing followed by a perlod of -
stagnation and accumulation of the ice in the southeastern
sectlon of the gulf. The route via the Strait of Canso and
George Bay was blocked until long after the steamér,track
was open,

The two yeafs which were not included in elther of
these groﬁps follow qﬁite different breakup patterns. in-
19@3, thg ice began clearing in George Bay at the south and
off Anticosti Island in the north. The 1ce in the western -
part of the gulf retreated from both the north and south to
accumulate in the central area. Likewlse, around Cape Breton

1t shilfted offshore. Durlng much of Aprll the 1lce streamed
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through Cabot Strait, filling it from shore to shore. As a,
result, the steamer track was blocked until late in April,
but the Stralt of Canso route was open remarkably early. The
Bale de Chaleur was late in clearing. On the whole, however,
the rate of breakup was swlft throughout the seasdn, es- .
peclally in view of the great quantity of ice which lay in
the gulf that winter.

The other exceptional year was 1951, In many parté
of the gulf which are usually ice=covered during the spring
there was virtually no ice. Accumulation had occurred in
the western part of the gulf. On the outer fringes of the
flelds dispersal took place, leading to‘their contractlon,
but the malin body of the 1ice remﬁined as if pinned against
the western slde. Durlng the first half of April the 1ice
moved south and finally disintegrated before the end of the
month, Because the clearing proceeded gradﬁally the eastern
areas were not invaded by large fields dangerous to navi-
gation, but rather, remained open throughout the breakup.

The rate of clearing was slow during both March and April.
These conditions which prevailed in 1951 were definitely

remarkable, if not unlique.
THE DETERMINING FACTORS OF THE BREAKUP

The behaviour of the 1ce in all phases of ite
formation and breakup 1s controlled by the physical factors
of the environment. Many of these factors were indicated

previously, but it is necessary to re-examine them 1n the
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light of an understanding of the lce conditions. The aim of
this dlscussion shall be to determine the relative influence

of each factor.

The Non-Variable Factors

The influence of some of these factors does not vary
apprecliably from year to year; fon\this reason they may be
termed non-variable. Those which are discussed are the
subaerial and submarine morphology, the tides and tidal -

currents, and the ocean currents.

Subaerial and SubmarinezMorpholqu

Because 1ée formation takes place more readily where
.the water 1is shallbw, local ice is more likely to origilnate
in the southern part of the gulf than elsewhere. Whether or
not ice forms in great quantity in the open gulf }s unknown,
although it 1s suspected{thgt it does not. The bays and
harbours throughout the gulf do freeze over during the winter,
if only for a short time. Where the bays are broad and
shallow, as in fhié'southern region, a great quantlty of lce
i1s produced. Among the bays which freeze are the Bale de
Chaleur, Miramichi Bay, and Gaspé Bay. In the wide-mouthed
bays, such as'George Bay, it is possible that some lce formed .
in 6ther areas finds ité way into the bays and 1s cemented
into a so0lld sheet before local ice covers them. Other
reglons of local ice formation ére‘the shallows 1in

Northumberland Stralt and around the Magdalen Islands.
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The gulf 1s so shaped that the southern part acts as
a basin of accumulation into which ice is diverted as 1t moves
from west to east., If Cape Breton Island were removed, the
gulf would become ice-free much earller than 1t does because
1t 1s the relative narrowness of the outlet which retards the
clearing. The ice tends to plle up along the west coast of
Cape Breton and little can escape through the éonstricted
Stralt of Canso. The Stralt of Belle Isle 1s also narrow and,
in additlon, other forces discourage the mass movement of ice
toward this opening. On the other hand, conditions would be
far worse 1f Cabot Stralt were as narrow as either the Strait
of Belle Isle or the Strait of Canso., Its existence makes
possible the withdrawal of most of the lce to dissipate in
the open Atlantic, otherwise, the ice would remain in the gulf
until it melted.

Within the main southern basin are smaller bays and .
bights which tend to detaln the 1ce. There 1ls the bight of
the north coast of Prince Edward Island where the ice 1is
cradled throughout the winter. Again, there is George Bay
which serves as an overflow basin for ice in Northumberland
Stralt even after the bay has cleared. In turn, George Bay
often funnels 1lce into the Stralt Qf Canso. .And finally, there
is the Bale de Chaleur which always'clearsrfirst along the
northern slde, malnly because the mouth on the southern slde
i1s obstructed by Shippigan and Miscou islands.

The Magdalen Islands, the Bird Rocks, and Brion Island
constitute obstacles in the path of ice movement by splitting
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the larger sheets of ice which move toward Cabot Strait.
Anticdsti'lsland serves as a partition separating the lce which
originates in the.St. Lawrence River from that which comes
from the northeast arm. Most of this ice from the river drifts
along the Gaspé coast and reaches the gulf without Suffering
‘detainment because the coast is smooth. During seasons when
the lce moves southward Prince Edward Island protects
Northumberland Stralt with the result that the strait opens
earlier than other southern reglons.

"The controlling influence of the land obvlously
determines the boundaries within which the ice may move and
indicates the routes by which the ice may withdraw. It
provides a framework which is non-variable in its function,
Within thls framework other forces affect the behaviour qf

the ice.

Tides and Tidal Currents

- One of these forces 1s the tidal force, with its
associated tidal current. The disturbance of the water 1s
the most important influence exerted by the tidal undulation,
while the tidai currents shift the ice back and forth and
are responslble for a certaln amount of mass movement,

Landfast ice whiéh forms along shores and over shoals
is frequently shattered‘by the tidal ewell and 1s carried
offshore bj tidal currents or winds as pack ice., This
occurs commonly in the early .winter, especlally where the

range of tide 1s great. The 8t. Lawrence estuary, with 1ts
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high range of tide, must be the source of large quantities |
of ice because the tides and currents disengage and carry
away the lce as fast as 1t 1s prdduced. This efféct is not
so pronounced in the vicinity of the Magdalen Islands due to
the small range of tide here. _

In Northumberland Stralt the tidal currents are
reésonably strong and the range of tide is higher than 1ln
most sections of the gulf. These forces are successful in
preventing the formatlon of a contlnuous sheet. Nevertheless,
here, and elseﬁhere in the gulf, narrow strips of landfast
ice establlish themselves along the shores., Outslde the strips
the ice 1s kept in motion. In the bays which do'freeze over,
Miramichil Bay, Baie de Chaleur, and Gaspé Bay, amohg others,
the swell does not enter with effectiveness after the sheet
of ice has solidified. During the spring when the ice 1ls
decaying, however, the tide regains its dominant position
and shatters the ice sheets. The tidal currents in the Stralt
of Cahso flush out the ice before an ice-cover originates,
| Transportation of great quantities of 1ice 1s effected‘
by tidal currents. When the wind blowe in the séme direction
as the current flows, ice may be carried along at a high
velocity. Then, 1f the wind continues in the same direction
when the current 1is reversed, the veloclty may be reduced and
only part of the ice will return to 1ts original position.
This type of movement occurs frequently in Northumberland
Strait, the Stralt of Canso, and other areas where tidal

currents are reasonably strong. Considerable lce ls ushered
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into the gulf and expelled from it by the tidal current in
the Stralt of Belle Isle, because there appears to be a domi-
nant fldw one way or the other for extended perilods of time,
‘Although the whole northeast arm of the gulf becomes stopped
up with ice, the strailt does not freeze over completely.

Briefly, the effect of tides and tidal currents 1ln the
gulf is to break up the ice sheets into pack lce and to
inaugurate movement of the'pack; This process often results
in the formation of great quantities of ice in favourable
areas, thereby lncreasing the total amount of ice. On the
other hand, through agltation of the water the tldes retard
the formation of ice and prevent widespread conselidation of -

sheet 1ice.

Ocean Currents

The system of constant currents in the gulf is
definitely a ma jor factor in controlling the movement of 1cé.
An immense volume of ice 1s carried into the gulf from the
8t. Lawrence River by the Gaspé current. When the veloclty
of the current 1s reduced off the mouth of the Bale de
Chaleur the 1ce 1ls cast free from the stpeam and spreads out
in the southern part of the gulf. A slower drift still
prevalls which carrles some ice toward the Magdalen Islands
and Cabot Strait. In spite of this cross-gulf flow, much of
the 1ce finds its way into the southern basin of the gulf
which eventually fills up. |

A constant current off Cape North dlsmisses lce from

the gulf, but its power is largely wasted during the early
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winter because it 1s not supplled with 1lce in any great
quantity until that from the west reaches Cabot Strailt, If
there were a current of comparable velocity Jjoining the Gaspé
and Gépe Breton currents the ice from the river would be
conducted directly into the Atlantic, but such is not the case.
On the Newfoundland side of Cabot Strait the current flows
into the gulf., The general westward drift along the south
coast of Newfoundland and the lnward flow around Cape Ray tend
to repel the invasion of lce from the north and west. As a
result, these areas are frequently clear throughout the season.

Similarly, the northward drift and current along the
west coast of Newfoundland keeps thatAcoast open later in the
fall and clears it earlier 1n the spring than the area
offshore. In the northern part of the gulf the cﬁrrents are
1l1l1-defined and of low veloclity, although there appears to be
a general westward movemént. This drift ailds the spreading
of ice from the northeast arm,

Within the'physiographic framework of the gulf the
constant currents and general movements further define the
directions in which the ice may move and indicate the areas

where the 1lce may stagnate.

Variable Factors

. The factors treated in thls sectlion are characterized
by annual variability. The physlcal properties of the water
and the meteorological factors of temperature, preclpitation

and wind are discussed.
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Physical Properties of the Water

“As was pointed out previously, the surface temberatures
of the water ln many parts of the.gulf reach a pdint which 1is
favourable to the 1ce formation process, but due to other
factors ice formation 1s not as widespread aé might be expected;
The presence of imported 1lce in a gi#en area will have the
effect of reducing surfaée temperatures in that vicinity. This
undoubtedly occurs in the‘gulf and may account for ice for-
mation in an area where ice would not originate otherwise.

But on the whole, although surface temperatures are not well
known, it 1s suspected that they do not vary éppreclably frdm
year to year as a result of influences other than those which
are meteorological in nature. The surface water temperature
is raised by the same meteorological factors which cause the
bréakup of the 1¢e. The relationshlip between these factors

of water temperatures and weather conditions 1s close enough
to permlt the dlsregard of surface water temperatﬁres in viéw _
of the lack of information. While the meteorological factors
exert thelr influence indirectly in respect to ice fofmation;

they exert 1t directly on the ice in the breakup.

Meteorological Factors

It is the meteorological factors of the environment
which are the main cause of annual variation in ice con-
ditions. The climate, which represents the average of the
meteorological conditions, can be Justly compared only with

average 1lce conditions. Therefore, an investligation of the
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actual weather conditions which prevailed in the thirteen
years 1is necessary in order to'determiné the causes of the
variation in these ice seasons. Such an investigation proper-
ly requires a detalled examination of the dally syhoptic charts
over a four-month period in each of the'thirteen years,
together wilth a careful study of the station records which
are kept on flle at the Meteorologlcal Divlsion offlces 1n
Toronto. This task was not undertaken in connection with the
present study. |

The aim of the investigatlons that were carried out
was to establish a general relationship between ice con-
_ditiohs in the breakup season and the maln features of
weather, namely, temperature, precipitation and wind. The
study was confined to the use of published étatistics, except
in the case of the examlnation of synoptic charts to determine
wind directidns and forces. The effects of sunshine, cloudi-
ness, frequency of depresslions or other air mass phenomena
wefe not investigated. Nevertheless, the following evaluation
should estabiish a géneral relationship which might form the
basis for a more exhaustive and detalled stﬁdy. '

Temperature. The relationships between the mean

monthly temperatures at a number of statlons 1n the Gulf of
St. Lawrence area during the ice season and the ice distri-
butibn during the breakup were indicated for each year
previously. Considering all the'years examined, as &a group,
a definite relat ionship can be established. The followlng

discussion considers temperature in relation to the pattern
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of breakup, the rate of breakup, the time of final clearing,

and the quantity and extent of 1ice.

To facilitate comparison with the ice conditlons 1t is
advantageous to dilvide the seasons into groups on.the basis of
their temperature characteristics (see Table II, page &8).
Four maln groups can be 1lsolated. The first group, made up
of the years 1940, 1945, 1949, 1951, and 1952, 1s characterized
by above average temperatures in the ice season. The second
1s deflned on the basls of the fact that the first three
months, essentially, are colder than the last three, and
includes the years 1941, 1942, 1946, and 1947. The third
group 1ls just the opposite in that the first three months are
warmer than the last three. The years which have this feature
in common are 1944, 1948, and 1950. Finally; the fourth group
has only one representative»in the year 1943, 1In thls case
the temperatures of the ice season were below average. Within
these main groups there are subdivisions which indicate more
specifically the differences between the years; these are
defined on the accompanying table.

The pattern of breakup is reasonably independent of
the 1ce season temperatures. While there are two cases where
the patfern of breakup is similar 1n two years of llke
temperature conditions, namely, groups 2A and 2B, there 1is-
no instance in the first three main groups where all the years
of one group wltnessed the same pattern of breakup. Nor does
- the rate of breakup seem to be controlled by temperatures in
the ice season. There does not appéar to be ahy conslstent

relation even within subgroups,}although agaln, 1in group 2B
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the same rate of breakup prevailled in each year. On the other
hand, group 1B 1s characterized by two opposite rates of
breakup, |

| The time of final clearing is understood as repre-
senting the tlime when all the ice, except for scattered strings
and patches which do not constltute a hinderance to navigation,
has melted or departed from the gulf. It can only be roughly
estimated beéause the information avallable will not permit
the determination of actual dates (see Table II). The
relationship with temperature is closer than in the case of
elther the pattern or the rate of breakup; but 1t 1is not
close enough to establish temperature as the main control 1in
this respect. 1In splte of the fact that the year of earllest
clearing, 1945, had unusually high temperatures, the year 1951
was later in «clearing and had even higher températures.‘
However, two of the colder than average seasons, 1948 and
1950, were the latest in clearing. Low late winter and early
spring temperatures appear to fetard the clearing more than
low fall and early winter temperatures.

The best correlation is dlscovered between the temper-

atures of the ice season and the quantlty and extent of
1ce.3u Due to the lack of rellable data concerning winter
ice conditions, this estimation of the severlity of each
season is based pfimarily on the conditions existing in March

(see Table II). The terms used to describe these conditions,

3l+By "quantity" is meant the total volume of 1ce and
by "extent" 1s meant the area which 1is ice-covered.
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light, moderate to light, moderaye, moderate to heavy, and
heavy, are relative only; each of the thirteen seasons 1is
compared with the rest. The term‘"light“ indicates that the
ice was less extensive and appeared in smaller quantities
than in the other years; thle "heavy" is taken to represent
a more extensive and abundant occurrence of ite. The other
terms define intermedliate conditions.

The seasons of high temperatures coincide with those
of light ice conditions and the seasons of low temperatures
with those of heavy ice conditions. Between these extremes
the other years fit the pattern reasonably well. It may
appear that lower.temperatures in the last three months cause
gofe severe ice conditlions than lower temperatures in the
first three, as 1is suggested in the case of 1948 and 19%0.
However, the-lower temperatures may have_retarded early spring
clearing which led to & misjudgment of the severlty of the
ice conditioqs. In view of this possibility and considering
the nature of the information available, the assumptlon 1s
not Justified.

According to G. A, Mackay,35 the 1ce clearance date
in Hudson Bay 1s dependent mainly on the spring temperatures,
and the winter temperatures have little influence on the
breakup. Thls assertion was prompted by his investigatlons
of alr temperatures over Hudson Bay, particularly at |

Churchill. He was dealing malnly with landfast sheet ice and

-

35Mackay, G. A,, "The Effect of Protracted Spring
Thaws on Ice Conditions in Hudson Bay! Bulletin of the American
Meteorological Society, 33: 106, March, 1952.
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not with shifting pack ice. Conditioné'in the Gulf of St.
Lawrence differ from those in Hudson Bay in several respects.
A good portion of the ice in the gulf does not remain where it
is formed, consequently, the amount of ice present may vary
considerably according to  the temperatures in the season when
1ce 18 forming in the producing areas. Mosgt of.the 1lce 1is
constantly shifting pack ice which does not remain in the gulf
until femperatures are ralsed sufficiently to melt 1it, but
rather, it movés toward Cabot Strait and is expelled to the
open Atlantic. | |
Although the breakup of bays and harbours in the gulf
may be accelerated by spring thaws, the clearing of the gulrt
as a whole may or may not respond to this impetus. In 1943,
low spring temperatures may have retarded the opening of the
Baie de.Chaleur, but did not affect the speedy withdrawa} of
the ice from the gulf. Then in 1951 and 1952, hlgh spriﬁg
temperatures were not successful in bringing abouf early -
withdrawal. George Bay which generally freezes over com-
pletely is subject to invasions of 1cé long after 1ts original
lce sheet has disappeared. In 1943, however, George Bay was
clear more than a month before the Bale de Ghaleur,.in'spite.
of the low spring temperatures. The smaller bays and harbours
in the gulf were not investigated.
- The concluslon in regard to. the importance of spring
thaws as applied to the conditions in the Gulf of St.
Lawrence must be that their primary effect is in decaying and

breaking up 1lce sheets and 1n contributing to the clearling
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process.  As a Tactor 1in clearing, however, epring thaws are
not predominant outside the small bays. On the other hand,
the winter temperatures do influence the breakup in that they
are partly responaible>for the quantity and extent of ice %o
be cleared away.

The air température i1s definitely of fundamental .
importance in respect to ice conditions. It is the cooling
of the atmosphere, in turn cooling the water, which produces
ice in the first place. . On the average, mean monthly temper-
atures are below freezing for féur months of the year, pro-
viding a sultable climate for ice formation. Alr temperature
1s such a varlable factor that the temperatures of one ice
season may be quite different from those of another, These
differences are reflected‘primarily in the-amount and the
extent of 1ce_whiéh exists in the gulf durlng that season.
When mean monthly temperatures are above average the 1ce will
be less abundant and will cover a smaller area than when
temperatures are below average. In spring the higher témper-
atures cause melting of 1ce and the breaking up of large 1ice
sheets into pack ice. Temperature does not appear, however,
to be the most important factor determining the movements of

the 1ce, the rate of withdrawal, or the time of final clearing.

Precipitation. An examlnation of the figures for the ,
difference from average of the mean monthly preciplitation and
the monthly total of snowfall in inches suggests that the

influence of pfecipitatlon on ice conditions in the gulf 1is
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slight.36 In thls investlgation the same stations were used
as 1in the case of temperature, |

The main effect of precipltation seems to be the
retardation of freezing by a snow-cover. A heavy blanket of
snow lying on the ice throughout the winter months helps to
retain heat, Thie limits the thickness of the 1lce becéuse 1t
1s chiefly through conduction of heat upward that the ice sheet
is able to build downward on the under side. In those years
when the ice was heavy, as in 1943, 1948, and 1950, the
tendency was toward lower than average snowfalls. On the other
hand, when the ice was lighter, as in 1945 and 1946, the
tendency was toward higher than average snowfalls. The corre-
lation is by no means close, however,

Whether or nét this influence is lmportant, heavy
snowfall 1s responsible for the formation of slush. When low
temperatures follow a snowfall the slush frequently provides
a mortar which aids in cementing pack ice 1nto.1arge sheets.
During the breakup the effect of precipitationlis relatively
insignificant. Throughout the ice season, as a whole, 1t is
likely that precipitation performs & minor role in détermining
the 1ce conditions in the gulf. | -

Wind. The wind 1s definitely the most important
factor in determlining the deviation from the expected pattern
and rate of withdrawal of the ice as dictétedvby the non- |

36Department of Transport, Meteorological Divisicn,
¥9nth1y Record (monthly statistics series). Toronto, 1940~
950. ‘ :
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variable factors. As was indicated by the wind roses
(following page 27), prevailing winds throughout the winter
and spring have a westérly component, but in spring this domi-
nance is less pronounced. Although the drift of floating ice
is spproximately thirty degrees to thé right of the wind
direction, due to the earth's rotation, 1t varies accofding to
the closeness of the pack. In any case, it is possible %o
deal with the effect of wind in the general terms, northerly,
éasterly, southerly, and westerly without specifying actual
directions, There 1s no doubt that westerly winds are a
potent factor, combining with the currents, in causing the ice
to move toward Cabot Strailt.

In order to discover the influence on the ice of the
annual variation of the wind, the statistlics for the total
mileage of wind by directions were examined at twelve
stations.37 These figures indicate the prevailing direction
for each month as determined by the total velocity of the
wind, rather. than by the total hours of wind. In addition,
daily synoptic charts for the months of March and April were
scanned in the case of the years 1944, 1945, 1948, 1951, and
1952, These observations proved that the winds during
Fébruary, March, and April are the primary control of the
pattern and rate of breakup, as well as of the time of flnal
. elearing. | .

" A short period of strong wind from one directlion tends

to have a greater effect on 1lce movement than a 1ong‘period

3T1pid., 1940-1950.
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of weak wind; This is logical because the wind must overcome
the forceé of friction before the 1lce can be moved appreciably.
Therefore, gales exert an influence quité out of proportion to
the length of time they blow. BStrong winds are able to over-
power water currents in some instances. Only the constant
currents in the gulf are never checked by the wind; the weak
flows and the tidal currents are all susceptible to the power
of wind, especlally when loose ice 1s present. The ice ﬁ¥oes,f
present the wind with a rougher'surféce that is easler to grip;
Not only does the wind aid or hamper. the normal water current
flow, but also 1t generates currents which . may continue to
flow even after;the wihd has abated.

In view of the great transporfing power of wind, 1%
1s obvious that a period of several days with sustailned strong
wind from one direction can redistribute tremendous quanti-
ties of péck ice 1n the gulf. The frequency of such periods
of wind from thé same directlion during February, March, and
April 1s of utmost importance. For example,.in 1952, strong
northerly winds prevalled for several beriods of a week or
more in February and March, resulting in accumulation of the
ice in the southern part of the gulf (see Table II, page §%).
The samevproceSS.occurred in 1951, except that the winds were
more‘easterly and continued until the middle of April, driving
the ice toward the western section. In 1943, sustained
southerly winds were responsible for pushing the ice northward

where 1t found its way out of the gulf readily.
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These cases are extreme; the more likely occurrence
ie the cancelling of the work of one period by that of another,
That 1e to say, if the winds are strong easterly for a few
days, they may be strong westerly 1n‘the next perlod. Often
the periods are short and cause only minof diversions_of the
ice. A period of very light variable winds may create a
stagnation of the ice as occurred in léte April, 1952,

These influences of the wind are reflected, as has
been pointed out, in the pattern of breakup. Those years in
which the ice tended to stagnate in the southern part of the
gulf were characterized by excessive strong northerly wind at
some time during thé season or lack of sufficlient southerly
wiﬁd. In some cases there was an actual accumulation of ice
1ﬁ the south, as in 1952, while in others the ice present
simply did not withdraw readily, as in 1944, The season of
“1952 serves as an example of stagnation throughout April due
to weak and variable winds és well as one of southern
accunmulation.

On the other hand, the years 1in which the lce wilthdrew
more readily from west to east experienced a favourabie
combination of wind throughout the spring season. Short
periods of southerly winds followed by longer perlods of
westerly appear to assure the withdrawal of the ice from the
south, If strong winds occur frequently, as in 1945, the
exodus 1s accelerated. The otﬁer patterns, that of 1943, when
the ice moved northward during April, and that of 1951, when

the ice lingered in the western part of the gulf, were caused

by southerly and easterly winds respectively.
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The influence of the wind on the rate of breakup is
apparent because the wind 1s a vital factor in moving the 1lce..
Should the wind combine forces with the water currents in
driving ice through Cabot Strait and in feeding this.stream
wlth ice from the bays and bights of the more confined sections
of the gulf, the clearing would progress rapldly. But.on the
contrary, should the wind oppose the water currents and other
forces tending to clear the gulf, the clearing ﬁould be
retarded. This adverse effect occurs mdst severely with nofth—'
east winds which, considering the déviation in the drift of
the ice, drive the ice southward. The case of 1952 1s wiltness
to this effect. Of course, the rate of breakup may be rapid
through part of the season and then be slowed by northerly or
easterly ﬁinds for a short period of time. The season of 1948
was subjJect to north and northeast winds of.a high veloclty
toward the'end of April which forced the ice onshore along the
east coast of Cape Breton, although it had been offshore
throughout most of the month,

Simlilarly, the time of final clearing is mainly
~determined by the wind, In retarding the withdrawal of ice by
causing stagnation in the southern section, the wlnd is
directly responsible for ice remaining unduly late in the gulf,
In several instances when there was a direct wlthdrawal, the
ice was held onshore in the disperéal region by easterly winds.

The quantlty and extent of ice are also affected by
the wind. When 1lce fofmation is in progress thé wind aias
the tides and tidal currents in disengaging ice from the land
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and from shoals in the producing areas and carrying 1t away
to add to the shifting pack, The extent of ice may be réduced
materially by accumulation in one particular area as a result
of ﬁind. In this manner the wind is often responsible for the
closeness of pack ice.

Most of the shifting 1n position of pack ice 1s caused
directly by the wind. Northerly winds brought ice southward
blocking the steamer track in mid-April 1n the seasons of
1942 and 1950. ‘- In 1948, southerly winds pushed the ice to the
north side of Northumberland Stralt about the middle of April
and kept the 1ce off the Cape Breton east coast. Likewise,
in 1952, the ige was shifted from one slde of the strait to
the other around April 25. Westerly Wihds generally clear
southeast_cdaetal areas readily. This effect may be noticed
along the north side of the Bale de Chaleur, the southeast
coasts.of Prince Edward Island, the Magdalen Islands, and
Cape Breton Island. The northward movement of ice in 1943,
occasioned by southerly winds, éffectively blocked the mouth
of the Bale de Chaleur which greatly retarded 1ts clearing,

The wind is 6fAutmost importance in the clearing of
ice from the gulf. On the average, the prevalling westerly
winds during the ice season assure that most of the ice will
eventually depart from the gulf through Cabot Stralt, The
loss of dominance by westerly winds for varying perlods of
time results in a different behaviour of the ice. ,Periods'of
sustained northerly or easterly winds cause accumulation of

ice 1n the southern part of the gulf and slow the rate of



"PABLE II

RELATIONSHIPS BETWEEN TEMPERATURE, WIND, AND ICE CONDITIONS

Time of Finéi

-Quantity and

Group : ge_g.ggratures Year Vinds Pattern of Brea.k;.p Rate of Breakg.p_ Clearing Extent of Ice
F Ll .§ .............. ';",;'1' R L I (R : .. C —————
every month 1945 - strong westerly : west to ea.et, rapid in March early April} light
A, " well ’ - direct withdrawal and 4pril :
' above average L . ' . o A | o
1951 strong easterly west side slow in March . late April - 1ight
N : ; and northerly accumilation ~vand April - '
above average . most months 1949 northerly and west to east, rapid in March late April | moderate to light
temperatures | B.: well : westerly direct withdrawal and April : ,
{ above average - | . ... L o S . . BN -
: 1952 | | strong northerly and - stagnation sloy in March " early May moderate to light
: : light, variable in south - and .Qril - -
most,.mqnths o) B o
C.’ above average or 1940 : (insufficient data)” . west to east, moderate in March, - - early May | moderate to 1ight
’ . near average direct withdrawal rapid in April : .
. first three months' }1942 . strong northerly stegnation moderate in March, early May noderate to light
A, near average, last. A in south slow in gril : :
: three months higher | = . . .strong westerly o e L o
2. than average 1946 | followed by northerly stagnation rapid. in March early May moderate
first 3 months md easterly in south _ slow in April
colder than . S R AR T I
last 3 . | first three months ;| 1941 (insufficient data) west to east, rapid in March late fpril modera.te ‘to heavy
B,! | lower than average;: ‘ ' : direct withd.rawal- and April ‘
i last three higher | = R B R
. than average 1947 westerly and west to east. rapid in March early May mod.erate to heavy
: o southerly direct withd.rawal-— gnd April : _
i firet three months | 1948 strong westerly west $o¢ ‘east, middle of heavy
] above average, last . | followed by strong direct withdrawal rapid in March May - R
A. three months below: northerly and easterly . : and Ap_i.l
3. ‘ 1950 strong northerly stagnation moderate in March : middle of heavy
first 3 months — i - in south slow in April - May . ‘ e
warmer than ....|.. Do of first three| . .. e . ' R o Y
last 3 B months above averaigélSlllL' strong westerly stagnation rapid in March late April; moderate to heavy
. last three below : " and nor therly in south slow in April :
: average :
e y. .. four months ... .| .- .- .. . e e — . Ce - o :
below average well 1943 strong sontherly south to north, rapild in March early May - heavy

temperatures -

below average

and westerly

direct withdrawal

and April
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clearing. Westerly and southerly winds in combination lead
to the prompt withdrawal of ice through Cabot Strailt, As au
result, wind is the major factor in, determining the péttern
and rate of breakup as well as the time of final clearing, and
1t 1s responsible for many of the minor changes in position of

the pack ice.
SUMMARY

The process of 1lce formation and meltinglis directly
caused by temperature., Because data is lacklng concerning
water temperatures, only alr temperatures are used as an 1index
of the influence of this factor. The fact that the temper-
aturés:do become low enough in winter to cause formation of
ice and high enough in spring to cause melting establiéhes
temperature as the primary factor in determining ice con-
ditions. Beyond the bounds of average conditions, annual
varlations of temperature largely determine the quantity and
extent of ice and to a certaln degree the time of final
clearing. With the temperature favourable to ice formatlon,
1t 1s partly the sha}lowness of some areas that induces iloe
to origlnate and it is the physiographic framework which 1is.
responsible fqr obstructing the free movement of ice to the
open ocean. The bays and bilghts detaih the ice and offshora
islands constitute obstacles in the path of movement.

Assuming the exlstence of ice within this framework,
the factors of movement exert their influence, The tides are

effective in breaking ice sheets which have formed along the
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shore or.over shoals and winds and tidal curfents keep the
lce in motion in many sectlons of .the gulf throughout the
- winter, 1In this manner the total ice.supply 1s augmented.
Constant ocean currents provide a system of transportation
which carrles ice into the gulf from the St. Lawrence estuary
and also conducts ice outside through Cabot Strailt. The lack
of constant currents in the southern part of the gulf to aid
1n the removal of ice 1s partly responsible for the stag-
nations which frequently occur in that area.

But these factors of movement cannot explain the
remarkable variety of behaviour patterns of the ice. Instru-
mental in causing these variations 1s the wind. It appears
to be the predominant factor in determining the pattern‘and”
rate of breakup and, to a certaln degree, the time of final
clearing and the quantity and extent of ice. The continual
fluctuation of pack ice in relation to the land 1ls essentially
due to the wind's influence. While there are nﬁmerouS‘other
factors which influence the ice during the breakup season, 1t -

is suggested that these are the major ones.



‘CHAPTER VI

CONCLUSION

A_ The 1nvest1gation of the distribution of ice in the

Gulf of St. Lawrence during thirteen breakup seasons ylelds
.the fact that the beha#iohr of the ice is extremely varlable,
although 1t follows certain patterns. Examination of environ-
mental factors which exert an influence on the 1ice reveéls
distinct correlations with the behaviour of thé ice. These
factors, both non-variable and varlable in function, act in
combinat lon to determine the ice behaviour, but 1t is the
variable factors, malnly meteérologlcal, which are chiefly
responsible‘for the year to year differences.

| In view of the variable beha#iour of the 1lce due to
these factors, the determination of average C§nd1tions is
rendered difficult.A The thirteen-year period examined 1is
hardly long enough to achleve valild averages. It 1s established
that many of these years were distinctly above average in
respect to temperature, while few were below average. This
fact serves to 1lndicate that the ice conditions of this perled,
as a whole, were less severe than those which might be expected
in a future period. Nevertheless, certain generalizations}
can be made with Justification.

The Gulf of S8t. Lawrence is never completely lce-~

covéred; there are always areas of open water because much of
the icé 1s shifting pack ice, especlally in the central.part.

The southern section 1s an area of accumulation and there are
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usually large 1lce sheets in this region as well as consider-
able close pack ice. In most parts of the gulf the ice does
not remain in the spring until it melts, but rather, 1f drifts
into the open Atlantic primarily through Caboet Stralt.

The discharge of ice is commonly in progress during
February, but it is accelerated in March. Cabot Stralt 1is
seldom completely blocked for more than a few days at a time;
in spilte of the statement whlch appears in the Gulf of St.

Lawrence Pilot38 to the effect that it is blocked solid with

ice nearly every year, often for three weeks at a time. The
ice fleld in the disp%rsal region generally extends eastward
past 58 degrees west and southward past 45 degrees north.
Occaslonally, the lce moves onshore along the south'coast‘of
Cape Breton under the influence of easterly winds, but seldom
encroaches on the area off the south cdast of Newfoundland,
Mosﬁ of the' ice which is the first to depart from the gulf
comes from the central area between Anticosti Isiand and
Cabot Stralt. However, this central region may contlnue to
be ice-covered until late in March or early in April due to
invasions of ice from other areas.

Most of the ice in the lower estuary of the 8t.
Lawrence River finds 1ts way into the gulf by the middle of
March, 1ea#1ng the stretch between Pointe des Monts and the
gulf clear of ice. Toward the end of March the steamer route
6pens and allows navigation to commence.. Frequently, the

passage north of -Anticostli Island clears.before that south

38 Department of Mines and Resources, Gulf of St.
Lawrence Pilot, Third Edition. Ottawa, 1946, p. L.
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of 1t., The steamer track 1s sometimes blocked by ice during

April when northerly winds drive ice from the northeast arm
- across 1t. xOrdinarily, however, the 1lce ﬁorth of a line from
Cape 8St. George to Natashquan is not discharged‘through Cabot
8tralt but tends to drift northward where it disintegrates
and melts, |

Early in April the ice withdraws from the western
part of the gulf, leaving ice in the Bale de Chaleur, although
the bay is clearing along the northern side. Throughout the
southern section the 1arger‘1ce sheets aré breaking up,
rendering the ice more moblle. In the meantime, the stream
of ice through Cabot Strailt continues with the bulk of 1ée
confined to the Cape Breton side. The flield of 1ice beyond the
strait has receded from 1lts position of greatest extent in '
March. Ae the month progresses the ice moves toward Cabot
Strait. The region around the Magdalen Islands clears before
the southern area and the belt of 1ce in Cabot Stralt becomes
narrower. Most of the ice has departed from the Bale de
Chaleur by the end of the third week 1in April. Northumberland
Strait clears from its western entrance eastward and the last
ice to withdraw from the gulf in late April or early May 1s
that in the southeastern sector along the west coast of Cape
Breton. Sometimes the Stralt of Canso clears in early April,
but 1t 1s dependent on the clearing of George Bay and the 1ice
may remaln here until the end of the month. Likewise, 1lce 1s
found in the dispersal reglon off the Cape Breton east coast

until the end of April.
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The ice fields are constantly shifting positlon.

Some areas may be clear at certain times and ice-covered at
others, depending primarily on the direction of the wind.

. Such fldctuations are especiallj noticeable along the east and
south coasts of Cape Bréton where the ice may be driven
alternately onshore and offshore by the wind. As a result of
these encroachments, Loulsburg harbour is sometimes blocked
for a few days in April, but usually there exists a shore

lead inside the 1ice field. The east coast 1s more susceptible
to these invasions becausé the ice does not clear from this
area until the end of April or early May. Consegquently,
Sydney harbour may be blocked for longer periods and until a
later date than Louilsburg.

The varliability of the ice conditions in the breakup
seasoﬁ 1s well illustrated by the thirteen years examined.
With the gulf essentlally open by thé end of March, the year
1945 probably witnessed one of the earliest clearings which
might be expected. On the other hand, the year 1950 saw 1ice
remain in the gulf until May 15. The unusual patterns of
breakup which characterized the years 1943 and 1951 may not
occur frequently, but it is possible that other patterns,
equally distinctive, that are not répresented among the years
| studled may yet occur. On the basls of the thirteen years
it appears that, most often, the ice willl either withdraw
directly from the west to.east; passing through Cabot Strait
readily, or will tend to stagnate in the southern part of the

gulf toward the end of the season.
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