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ABSTRACT

A review of the shoreline and process characteristics of
Canada's coasts involved definition and description of 34
coastal environments and shows that littoral processes oper-
ate at relatively low-energy levels in many regions due to (a)
the small fetch areas on most coasts, and (b) the significant
role of ice in all littoral environments, except for the Bri-
tish Columbia and southern Nova Scotia coasts. ‘The shorelines
are predominantly rocky coasts or coarse-sediment beaches.
The major deitas of the Mackenzie and Fraser Rivers and sandy
barrier beaches account for_only a véry small proportion Of
the total coastline. The e#pected impact and persistence of
a_major(spill on Canada's coasts is a function of (i) the
type of oil( kii) weathering processes, and (iii) littorél .
zone energy leyéls. Cold climates in most regions and thév
predominance of low wave-energy levels indicate that oil fréﬁ
a major spill would not»be répidly disperséd or degiadéd. :
Existing clean-up ﬁefhods could be émployed, if necéssary and
if properly exécuted,:to restore con£aminated shqrelines.
Cleanup is usually difficult and time-consuming but can be
effective. No major new methods or techniques are likely in
the near future and offshore protection will remain a criti-

cal aspect of spill response for many years. Improvements
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in offshore protection (from the development of acceptable
chemical dispersants) and onshore protection (from new, ef-
fective and acceptable surface treatment agents) are possible
in the near future and these would provide valuable options

with which to combat o0il spilled in Canada's coastal waters.
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RESUME

Une étude des caractéristiques des rivages canadiens et des
processus s'y déroulant a comporté la définition et la description de 34
environnements cétiers et a révélé que les niveaux d'énergie des proces-
sus sont relativement faibles dans de nombreuses régions, a cause: a)
des petites aires génératrices des vagues de la plupart des cdtes et b)
du réle important de la glace partout, sauf sur les cdtes de la Colombie-
Britannique et du sud de 1a Nouvelle-Ecosse. Les rivages sont surtout
des cOtes rocheuses ou des plages & sédiments grossiers. Les principaux’
deltas des fleuves Mackenzie et Fraser et les cordons littoraux de sable
ne constituent qu'une petite proportion de la c6te du pays. Les consé-
quences prévues d'un déversement massif et la persistence des hydrocar-
bures sur les cOtes canadiennes est fonction: 1) du type d'hydrocarbure;
ii) des processus d'altération et 1ii) des niveaux d'énergie de la zone
littorale. Le climat froid de Ta plupart des régions et la prédominance
des faibles niveaux d'énergie des vagues indiquent que les hydrocarbures
ne seraient pas rapidement dispersés ni dégradés. Les méthodes exis-
tantes de nettoyage pourraient &tre employées, si nécessaire, afin de
mettre en état les rivages contaminés. Le nettoyage est ordinairement
difficile et Tong mais peut &tre efficace. Aucune méthode ni technique
importante nouvelle n'est prévue dans 1'immédiat, et Ta protection des
zones hauturieéres demeurera un aspect critique des interventions dans
les cas de déversement, pendant de nombreuses années. Une meilleure
protection des zones hauturieres (grace a la découverte d'agents chimi-
ques acceptables de dispersion) et cotigres (grace a la découverte
d'agents de nettoiement nouveaux, efficaces et acceptables) est possible
dans un avenir prochain, et ces nouveaux produits pourraient constituer
des moyens précieux de lutte contre les hydrocarbures déversés dans les
eaux c6tiéres du Canada.
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PART 1 - FOREWORD

1.1 INTRODUCTION

The impact of a major oil spill on Canada's shorelines
would vary considerably, depending primarily on the shoreline
types and on the character of the coastal environment of the
affected area. Effective response and clean-up operations for
contaminated shorelines depend largely on the preparation of
adequate contingency plans and on the implementation of suit-
able methods for restoring particular shoreline types. Be-
cause of the great variety of shoreline types and coastal en-
vironments in Canada, a variety of gontingency plans are nec-
essary. These plans require information on the nature and
variability of the major coastal environments of Canada and on
an assessment of restoration techniques.

This report presents the first attempt to discuss and ex-
amine the coastal environments of Canada. 1In deaiing with such
a long coastline (approximately 250,000 km) many generaliza-
tions are unavoidable; The approach used in this discussion
provides a first;épproximation of the characteristics of the
major coastal envirdnments and is bésed on division of the
coastline in terﬁs of geologic and ocednographic parameters.

In addition to the great variety of coastal environments
and shoreline types, there is an-uneven distribution of avail-

able information. Certain areas, particularly the Maritime



Provinces and the lower Great Lakes, have a good data base.
For these areas the discussion synthesizes the major points,
however, more detailed information can be obtained from the
cited references. Many other sections of coast have been
rarely visited and are largely unexplored. For these regions
where information is lacking, the character of the coaétal
zone 1is largely inferred. Despite this great variability in
the information base, it is possible to examine the major
elements of each of the coastal environments in terms that
can be applied to the preparation of regional oil-spill con-

tingency plans.

1.2 OBJECTIVES

The primary objectives of this report were as follows:

(1) to define the major coastal environments of Canada,
including the Great Lakes,

(2) to explain the significant geological characteris—
tics and processes in each environment,

(3) to discuss the expected nature and behaviour of oil
residues in the different environments,

(4) to discuss the expected distribution of o0il residues
in the littoral environment,

(5) to discuss the expected persistence of oil residues

in different littoral environments,



(6) to assess available clean-up techniques in terms of
their applicability and effectiveness,

(7) to present guidelines for the implementation of the
most suitable clean-up techniques in each coastal
environment, and

(8) to present a bibliography of relevant geological and

clean-up information sources.

The report was prepared from: (a) firsf—hand regional re-
conngissance surveys and research programmeé‘in different parts
of Canada, (b) a literature survey of results published by |
other workers, (c) a brief aerial reconnaiésance of the south-
ern ¢oast'§f British Columbia, (d) experience gained by studies
associated with previous major spilis, in Canada (Chedabucto
Bay and the Baie des Chaleurs) and in analogous cocastal envir-
onments (Straits éf Magellan, Chile5, (e} a literature survey
of the effects of previous spills and clean-up prégrammes in
different coastal environments/ and (f) disgussions‘with other
workers who have studied the coasts of Canada or who have been

involved with coastal oil spills or clean-up programmes.

1.3 FORMAT
The information presented in this report falls into two
halves. The first deals with the coastal environments of Can-

ada, the second with the impact and cleanup of o0il spills.



The coasts of Canada are initially divided into four major
units on the basis of geomorphology and shoreline processes.
The characteristics of each unit are then examined at a general
scale (Part 2). These four primary units are subdivided into a
total of 34 coastal environments, each of which is defined on
the basis of process and/or morphological characteristics (Parts
3 to 6).

Using this base-line information, the expected impact of a
major spill is discussed with reference to the significant pro-
cess and morphology parameters of the coastal zone (Part 7).
Additional information related to regional aspects of a major
spill on Canada's coasts is then briefly discussed (Part 8).
Consideration of restoration decisions and the applicability
and effectiveness of clean-up methods (Part 9) includes a dis-

cussion of the present state-of-the-art and guideliﬁes for the
implementation of a response programme.

The bibliography, organized according to each part of the
text, provides references for more‘detailed information, as
well as listing those sources cited in the text.

An appendix following the main body of the text provides

a definition of terms used in this report.



PART 2 - THE COASTS OF CANADA

2.1 INTRODUCTION

Canada's coastline is almost a quarter of a million kilo-
metres in length, it borders on three oceans and extends from
44°N to 83°N (Fig. 1). 1In addition to its ocean shoreline,
Canada borders on the Great Lakes systém, tlie largest surface
area of freshwater in the world (245,000 square kilometres).
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The general structure of Canada resembles a large basin,
centred on the Laurentian or Canadian Shield. .This 0ld resist-
ant core area comprises 50% of the total land area and the . cen-
tral area of this basin is filled by the large inland sea of
Hudson Bay. The Shield is fringed by upland or mountain re-
gions with the Cordillera in the west, the Appalachians in the
southeast, the Labrador-Baffin mountains in the east, and the
Innuitian mountains in the north.

As the qbastline of Canada is so long and covers a wide
range of geoiogic and oceanﬁgraphic environments it is noﬁAsur—
prising that the coastal zones include every major shoreline
type, except for those assdciated with coral or mangrove coasts.
The character  of the coastline is predominantly rocky with the
major exceptions td this generalization being the Mackenzie and
Fraser deltas, the barrier beaches of the southern Gulf of St.

Lawrence, and the muskeg shorelines of southern Hudson Bay.

2.2 SUBDIVISION OF coAsTAL ENVIRONMENTS

_thhé'ﬁfimary division of the coast of Canada is based oﬁ the
physical'pfocesses that act on the shoreline and on the geology
and relief of the coastal zone (Table 1, Fig. 2). Within each
of the four major units, secondary subdivision is based on a
more detailed examination of geologic and oceanographic criteria

to define 34 coastal environments. Considerable variation may

exist in the types of shoreline within each of the 34 coastal



TABLE 1.

Characteristics of Primary Coastal Units of Canada

WAVES/TIDES CLIMATE GEOLOGY/RELIEF COASTAL ZONE
PACIFIC Exposed environment; Warm summers, cool High mountainous .coast Complex rocky coast of is-
COAST high wave energy lev- winters: winds gen- (Cordillera), resist- lands, inlets, and fjords;
els on exposed coasts: erally out of the ant rocks: coast fol- sediments scarce except
wave heights >1.5 m, west in winter and lows northwest to south- for a few areas (e.g.,
40% to 50% of the southeast in summer. east structural trends. Fraser and Skeena deltas,
year: Argonaut Plain).
tidal range 2-5 m.
ARCTIC Sheltered environment; Short cold summers, Generally low relief Very varied shorelines
COAST very low wave energy very long cold win- in west and Hudson Bay: ranging from MacKenzie
levels and short open- ters: ice present on mountain coast on east- Delta and Ellesmere Ice
water period: wave the sea and on the ern fringes: predomi- Shelf to fjord coasts:
heights >1.5 m less beaches for 6 to 12 nantly an archipelago. generally rocky shorelines.
than 20% of the open months each year.
water period:
tides <3 m except in
Hudson Strait region.
ATLANTIC Storm-wave environ- Warm summers, cold . Northern segment of Rocky coastline except for
COAST ment: wave heights winters: ice on the Appalachian mountains: barrier beaches of Gulf of
>1.5 m for 30% to 40% shoreline for mini- relief generally low St. Lawrence and intertidal
of open-water season: mum 3 months each except in N. Labrador: mud or sand flats of Bay of
ice present up to 4 year except in S. predominantly resist- Fundy and St. Lawrence es-
months each year: Nfld, outer N.S. and ant rocks. tuary.
Bay of Fundy.
tidal range <2 m ex-
cept in Bay of Fundy,
St. Lawrence estuary
and N. Labrador
GREAT Sheltered }ow wave Warm-hot summers, Lake Superior and Predominantly low, cliffed
LAKES energy environment: cold winters: ice on Georgian Bay border coasts: few areas of
COAST wave heights >1.5m

for 20% to 30% of
open water period:

non-tidal environ-
ment, lake levels
vary up to 0.8 m
during a year.

" lakes and beaches 3

to 4 months each year,
lakes rarely frozen
over.

on resistant Shield;
elsewhere less re-
sistant rocks fre-
quently covered by
unconsolidated gla-
cial deposits.

large-scale sediment accu-
mulation.
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Figure 2. Primary division of the coasts of Canada.

environments, but at this level of discussion these differences
are iessAimportant than the broader-scale homogeneities of the
region. The approach presented in this report involves a sub-
division that permits more detailed examination of each coastal
environment and provides a framework for discussion of specific
sections of coast within the context of the more general region-
al characteristics. This report presents only the general sub-

divisions of Canada's coastal environments. Each of the four



major divisions is discussed and this is followed (Parts 3 to
6) by the detailed examination of the coastal environments

within each of these divisions.

2.3 PACIFIC COAST

The Pacific coast of Canada accounts for 10.5% (25,717 km)
of the‘total oéean coastline (Table 2). The dominant character-
istic of this region is a structurally—controlled,coastline of
mountains and fjords. Maximum elevations up to 4000 m in the
coastal mountain ranges and a complex shoreline of_islands, in-
lets and fjords give the coast an irregular, ruggéd,character.
This is a west-facing coast, in a mid-latitude locétion and is
exposed to waves generated in the North Pacific Ocean by the
prevailing westerly winds. The exposed coast has‘a sweli—Wave
environment (see definition in Appendix) with high wave-energy
levels throughout the year. 1In contrast to the exposed shore-
lines, wave-energy levels are very low in sheltered coasﬁal_

areas.

Winds

The primary wind directions of this region are from the
northwest in summer and from the southeast in winter. In addi-
tion to this distinct seasonal variation in direction, wind ve-
locities are greater during winter months due to the régular
passage of low-pressure systems through the region. There is

considerable variability in local wind directions due to topo-
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TABLE 2. Canada's Coastline Measurements (in kilometres)

PACIFIC COAST ' 25,717 (10.5%)
Vancouver Island 3496
Queen Charlotte Islands 2623
ARCTIC COAST 172,950 (70.9%)
Queen Elizabeth Islands 34259
Hudson Bay 13348
Baffin Island 28302
Ellesmere Island 10747
Victoria Island 7089
Devon Island 3588
Melville Island 3107
Axel Heiberg Island 3060
Prince of Wales Island 2576
ATLANTIC COAST 45,369 (18.6%)
. Bay of Fundy 1413
Gulf of St. Lawrence - 7496

Newfoundland {(not includ- 13656
ing Labrador)

Cape Breton Island 1883
Prince Edward Island 1260
TOTAL: 244,036 km
Coastline north of the Arctic Circle 110,863 (45.4%)
Total mainland coastline "58,497 (24 %)
Total.island coastline 185,539 (76 %)

(Source: after Cooper, et al, 1971)



graphic effects in most fjords and valleys, and the data for
Victoria (Figs. 3 and 4, Table 3) reflect the funnelling ef-

fects of the Strait of Juan de Fuca on the winds in this area.

Waves

On the exposed coasts, offshore wave heights are greater
than 3 m for 30% of the time in winter months, but for only 5%
of the time in the summer months (C.H.S., 1974a). Most of the
wave energy on the outer coast is in the form of long-period
(up to 15 seconds) swell waves out of the west. The seasonal
variation in wave height and wave-energy levels is due to the
greater intensity of the Westerlies over the North Pacific
Ocean during winter months. These higher wind velocities are
caused by the increased pressure gradients between the low-
pressure air mass over the Aleutians and the high-pressure sys-
tem that is centred in the North Pacific. A secondary effect
of this pressure difference in winter months is the generation
of storm waves by winds associated with the cyclonic depress-
ions that travel from west to east across the region.

In the sheltered coastal waters of Hecate Strait and the
Strait of Georgia, waves are generated by local winds that ap-
proximately parallel these bodies of water. A seasonal differ-
ence is once again evident, associated with the increased fre-
guency of storms in winter months. Wave heights greater than

3 m generally occur for 10% of the time in the winter, but for
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TABLE 3. Meteorological Data

a. Mean daily temperature (°C)
b. Prevailing wind direction

a1

LOCATION JAN. FEB. MARCH APRIL MAY JUNE JULY AUG. SEPT. OoCT. NOV . DEC.
Halifax, a. - 3.2 - 3.3 0.1 4.8 9.7 14.4 . 18.3 18.6 15.6 10.7 5.7 - 0.6
N.S. .
b. WNW © WNW WNW N/NW S S S S5 SSwW ) NW NW
Saint John's, a. - 3.2 - 3.8 -1.8 1.8 6.3 11.1 15.8 16.1 12.2 7.8 4.1 - 0.4
Newfoundland .
b. W W W WSW WSW . WSsw WSW WSW WSW WSW WSW W
Churchill, a. =27.6 -26.7 -20.3 » =11.0 -2.3 . 6.1 12.0 11.5 5.7 -1.0 -11.9 -21.8
Manitoba
b. WNW WNW WNW NW NW NW/NE NW/NE NNW NNW NW NW WNW
Frobisher Bay, a. -26.2 -25.2 -22.3 -14.0 -3.3 3.5 7.9 6.9 2.4 -4.7 -12.4 -20.3
NWT : : . )
b. NW . NW NW NW . ‘NW NW SSE SE NW NW NW Nw
Resolute, a. -32.6 -33.5 ~31.3 -23.1 =-10.7 -0:3 4.3 2.7 -4.9 -14.7 -24.2 -28.8
NWT .
b. NW NW NW NW N NW NW - NW NW NW NW NW
Cape Parry, a. -28.5 -30.4 ~26.1 -17.4 -6.1 1.7 5.7 5.3 0.8 -6.5 -18.2 -24.5
NWT
b. W W E B E E " E E E ESE E/W E/W
Victoria, a. 2.9 4.7 5.8 8.6 11.9 14.5 16.4 16.1 13.9 10.0 6.2 4.2
B.C.
b W W W W W SE SE SE w W W 12
Toronto, a. -4.8 -4.8 0.0 6.3 11.3 17.2 20,2 2040V 16.6 10.5 4.8 -2.0
Ontario ' T .
b. SW WSW NW/E NW/E NNW NW/S NW/S - NW/S NW/SW WSW WSW SW

Source: Canada, Dept. of Transport 1968,
" and Environment Canada, 1973.



less than 5% of the time in summer months. Local wave-energy
conditions are very variable, depending on fetch distances
(g.v.) over which waves approaching a given section of shore-

line can be generated.

Ice
Ice plays a very minor, virtually negligible role in
coastal processes in this region. Sea-water temperatures are

always above freezing and ice only forms in inlets where in-

flowing fresh river-water freezes.

Tides

The mean range of the semi-diurnal tides (g.v.) on this
coast decreases from 5 m in northern areas to a minimum of 2 m
near Victoria (Table 4). A maximum range of 8.4 m has been re-
corded a£ Prince Rupeft. An important effect of the tides in
éreas where the passage of water is constridted,through'narrow
channeis.is the generation of strong tidal currents. In Dis-
covery'Passage and the Seymour Narrows, étvthe nortﬁwest end
of the Strait of Georgia, tidal currents up to 7 m/s are common
(C.H.S., 1974a and 1977). An additional characteristié of tidal
currents in inlets is that the ebb frequéntly runs for'ionger,
and is stronger, than the flood current, due to the effects of
freshwater discharge and this is particularly noticeable during

the spring run-off period.



TABLE 4. Selected Tidal Range and Tide Type Data

LOCATION

1.

10.

11.

12.
13.

14.

Halifax, N.S.

Saint John, N.B.

Charlottetown, P.E.I.

Quebec City, P.Q.

St. John's, Nfld.

Frobishér'say, NWT
Churchill, Man;_ |
Hall-Beach,iNWTi
Resolute, NWT -
Cambridge Bay, NWT'

Tuktoyaktuk, . NWT

Prince Rupert, B.C.
Tofino, B.C.

Vancouver, B.C.

SD - Semi-diurnal

MD - Mixed diurnal
'‘MSD - Mixed semi-diurnal

- 17 -

MEAN TIDAL LARGE TIDAL TIDE
RANGE RANGE TYPE
1.4 m 2.1 m SD
6.7 9.1 SD
1.8 2.9 MSD
4.1 5.8 SD
0.9 1.4 SD
7.3 11.6 SD
3.4 5.2 SD
0.8 1.3 MSD
1,3 2.1 MSD
6;4 0.6 MSD
0.3 0.5 MSD
4.9 7.6 MSD
2.7 3.9 MSD
3.3 4.9 MD

Source: Canadian Hydrographic

_Service, 1977

Note: Stations are located

on Figure 4,

page 14.



Geologz

In this Pacific coast region resistant mountains up to
4000 m in height occur adjacent to the ocean (Photo 1). This
mountain belt (the Cordillera) is part of a system that fringes

the entire length of the eastern Pacific Ocean from Chile to

Photo 1. ©Upland fjord coastal zone, looking
seawards, southwest Vancouver Island,
British Columbia. Relief is in the
order of 1500 m. (December 1976)

Alaska. The Coast Range on the mainland is separated by the
Hecate-Georgia Strait Depression from an insular range that
rises to 1200 m on the Queen Charlotte Islands and to 2200 m on
Vancouver Island. Seaward of the outer range the sea floor
drops off rapidly and the continental shelf is less than 50 km

wide in most areas.



.The structure of the Cordillera system runs northwest-
southeast and this controls the primary trend of the coast. The
rocks are predominantly resistant volcanics or intrusives (g.v.)
with relatively few exposures of less resistant sedimentary
rocks. The rock outcrops are only occasionally coveréd by gla-
cial deposits, and these are often thin and restricted in area
except on the coastal plains.

The mountainous coastal zone was considerably modified by
the effects of ice during the Pleistocene. Glaciers developed
on the Queen Charlotte Islands and on Vancouver Island as well
as on the Coast Mountains. The rugged relief of the mountains
and the formation of a fjord coastline result directly from
erosion by these glaciers. Dixon Entrance, Hecate Strait,

Queen Charlotte Sound, the Strait of Georgia and the Strait of
Juan de Fuca have been modified by the scouring effects of the

ice.

Coastal Geomorphology

The form of the Pacific region coastline is attributed pri-
marily to the structural control exerted by the Cordilleran
Mountain system and secondly to topographic modifications by
erosion of an extensive system of fjords by the Pleistocene
glaciers. The coastal zone is characterized by high relief, re-
sistant rock outcrops and a general scarcity of sediments. Al-

though the coasts are generally steep, wave-eroded sea cliffs
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are not common, the notable exceptions occurring on the west
coast of Moresby Island (in the Queen Charlotte group) and on
the east coast of Vancouver Island. The numerous fjords extend
inland up to 110 km and give a very indented coastline. These
fjords are typically U-shaped (Photo 1) and result from the sea
flooding into deep, narrow valleys that were eroded or deepened
by the glaciers.

As the rock outcrops on the coast are predominantly resist-
ant, little sediment is available for reworking by shoreline
processes. Small deltas occur in sheltered areas at the heads
of fjords (e.g., at Kitimat and Bella Coola) and two large pro-
grading deltas have formed at the mouths of the Fraser (Photo 2)

and Skeena Rivers. A few extensive beach systems have developed

Photo 2. Mouth of the Canoe Pass channel,
Fraser River delta, British Columbia.
(December 1976)



at several locations, notably at Long Beach on the west coast

of Vancouver Island (Photo 3)

and on the Argonaut Plain in

northeast Graham Island, where local erosion of unresistant

rocks or of glacial deposits has supplied sediment to the lit-

toral zone. Other smaller beach systems have developed where

sufficient amounts of sediment are provided by wave erosion

and where there is a relatively shallow nearshore zone.

Photo 3.

2.4 ARCTIC COASTS

West coast Vancouver Island, Brit-
ish Columbia. Aerial view of a
wide (c. 100 m) sand beach at low
tide. Note logs above the high-
water mark and the long-period
swell waves breaking on the beach.
(December 1976)

This coastal environment includes almost three quarters

(70.9%) of the ocean coastline of Canada (Table 2, p.

10) .

Everywhere within this environment ice plays an important role




in modifying shoreline processes and morphology. Although 35.9%
of the coasts of this unit lie south of the Arctic Circle
(66°33'N), these shorelines are nevertheless affected by ice for
more than 6 months each year. There is great variety in the
shoreline characteristics (ranging from the large delta of the
Mackenzie River to the cliffed fjord coasts of Baffin Bay),
however, the coasts of this region are characterized by a shel-
tered wave environment in which sea and shore ice control the

length of time during which littoral processes can operate.

Winds

All areas have prevailing winds out of the west or north-
west, bu£ in western sections (the Beaufort Sea coast) the lower
frequency of cyclonic depressions results in approxiﬁately equal
frequencies of southeast and northwest winds (C.H.S., 1970)
(compare Frobisher Béy, Churchill and Cape Parry in Fig. 3 and
and Table 3, p. 12 to 15). 1In winter months the Polar Contin-
ental air mass, a-high-pressure system, is centred over thé
Mackenzie Basin -and this produces winds out.of the northwest
quadrant over most of thié fegion. As this high-pressure sys-
tem moves to the nbrth and east in summer months, cyclonic
storms move across Hudson Bay towards the Davis Strait area.
In the eastern Arctic during summer months winds are out of the
southwest due to the'influence of a large low-pressure system

centred over Iceland and southern Greenland.



Surface winds are more variable in summer months, due to
the greater frequency of cyclonic depressions, but there is
little difference in average wind velocities between the two
seasons. When compared to more southerly latitudes, wind velo-
cities are lower due to the relatively low pressure gradients
associated with the Polar Continental air mass. In summer,
strong winds (>50 km/hr) occur on the average only one or two
days each month (C.H.S., 1970). 1In areas of high relief, topo-
graphy can considerably modify the normal wind pattern to pro-

duce strong local winds.

Waves

The.primary controls on wave generation are the small
fetch distances and the presence of sea ice. Waves are usually
less than 1 m in height and have short periods (2-4 seconds).
Except for Hudson Bay and Baffin Bay, fetch distances are gen-
erally less than 300 km. In those two areas wave-energy levels
are highest due to the size of the water bodies and to the fact
that these areas have the longest periods of open water. In
Hudson Bay wave heights greater than 4 m can be expected for 1%
to 2% of the time in summer months (July to September) and waves
less than 2 m in height occur for approximately 80% to 90% of
the open-water season (U.S. Naval Oceanographic Office, 1965).
Wave-generated nearshore processes in this environment require

(1) that the sea be free of ice, (2) that the wind direction



coincide with the open-water fetch for sufficient time to gener-

ate waves, and (3) that beach and nearshore zones are ice-free.

Ice

The distribution of ice during the period 1 to 15 Septem-
ber is representative of the maximum open-water conditions.
Figure 5 presents the expected distribution of ice during this
period for heavy and light summer ice conditions. In winter
moﬁths ~ solid ice covers virtually all of the waters of the
archipelago with a 6/8 to>8/8 cover ovér Lancaster Sound, Baf-
fin Bay, Foxe Basin, Hudson Strait and Hudson Bay. As the ice
is moved through the channels towards the east and south during
late spring, breakup progresses slowly into the archipelago.
The length of the ice-~free season is at a minimum in the most
northwest sections of the archipelago, and in these areas some
~years may have no open-water season at all (Fig. 5a). Littoral
processes can only operate when the sea and the beach are ice-
free. BAn ice foot (g.v.) on the shore forms before freeze-up .
and persists after breakup of the sea ice, so that the length

of time that the shore is ice-free is less than the open-water

period (Fig. 6).

Tides

Tidal range is high in the southeast sections of this div-
ision, with maximum spring tidal ranges of 11.6 m (Table 4).
The range decreases to the north and west, with values less,

than 0.5 m on the coasts of the Arctic Ocean.
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Figure 5. Distribution of ice on Canadian waters during
summer: (a) heavy and (b) light years (after
C.H.S., 1970).
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Summerside PEI 1
Cambellton NB 2
Quebec PQ 3
Sept lles PQ 4
Cape Harrison Lab 5 }
Churchill Man 6

Hall Beach NWf 7

Frobisher Bay NWT 8

Resolute NWT %
Eureka NWT 10
Alert NWT n
Isachsen 12
Mould Bay 13

Cambridge Bay 14

Sachs Harbour 15

Tuktoyaktuk 16
Montrecl PQ 17
Cornwall Ont 18
Hamilton Ont 19

Windsor Ont 20
Port Arthur Ont 21

Figure 6. Duration of ice on beaches or in nearshore
zones during average years (data from
Allen, 1964). Stations are located by num-

ber on Figure 8 (page 34).
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Geology

This environment can be divided into 4 geological units.
The Canadian Shield (i) includes the majority of the mainland
coast and in the east extends north into Baffin Island, east

Devon Island and southeast Ellesmere Island (Fig. 7). The

80° 140Q° 120° 100°- 80° 60° 80°
N 7 71 1 X 7

70°
70°

140°

60° 60°

60°

[ ] Lowland
Uplend

Plateau

Folded Innuitian zone

500 n [4

120° | : i
100°

{ Sedimentary strata of
\ later geological date

Figure 7. Generalized geologic map of the Canadian
Arctic (after C.H.S., 1970).



Shield has a basin-like shape, with the low central area occu-
pied by Hudson Bay and the eastern rim expressed by the mountains
of east Baffin, Devon and Ellesmere Islands. In the northwest,
the Arctic Ocean 1is bordered by a low coastal plain (ii) of un-
deformed sedimentary rocks. In the north, the Innuitian Moun-
tain system (iii) consists of folded sedimentary rocks that
trend nofth-south through Ellesmere Island, then trend east-west
through northeast Devon, Bathurét and Melville Islands (Fig. 7).
The final division (iv) is a series of sedimentary basins that
have developed on the old resistant rocks of the Canadian Shield
platform. These sedimentary rocks form uplands, plateaux and
lowlands; the resistance of the rocks varies greatly in differ-
ent areas.

Except for west and northwest sections, the region was af-
fected by vast Pleistocene ice sheets and glaciers. Iﬁ upland
or mountain regions adjacent to the coast the ice gouged steep
valleys that have been invaded by the sea to produce fjord
coasts. As the ice retreated across lowland regions, south of
Queen Elizabeth Islands, -large areas were mantled with thick

deposits of unconsolidated glacial sediments.

Coastal Geomorphology

The shorelines of the Canadian Arctic are predominantly
rocky in character. A large depositional (deltaic)- area occurs

at the mouth of the Mackenzie River on the Beaufort Sea coast.
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In other areas, the accumulation of sediments in the littoral
zone is often related to the presence of small river deltas that
feed material directly into the shore zone. Intertidal mud
flats occur in the eastern part of Foxe Basin and on the south-
west coast of Hudson Bay. Littoral processes and beach develop-
ment are greatly limited by the very low levels of wave energy
that result from the very short open-water season.

The resistant mountains of the Canadian Shield have been
eroded to give a fjord coastline in the eastern Arctic on Davis

Strait, Baffin Bay and Kane Basin (Photo 4). Elsewhere the

Photo 4. Inner part of Hare Fjord, Nansen Sound,
west Ellesmere Island, N.W.T. Relief
in this area is up to 3000 m and a ser-
ies of valley glaciers cross the steep
fjord walls. Small deltas occur where
the valleys that do not contain glac-
iers enter the fjord. Photograph taken
in mid-July; the fjord is completely
covered by sea-ice (from Dunbar and
Greenaway, 1956).




Shield coast generally forms a resistant lowland shoreline.
Although the sedimentary basins have less resistant rocks, the
slow rates of coastal erosion due to low wave-energy conditions
have resulted in relatively little shoreline modification. Lo-
cally, accumulations of sediment have produced beaches, spits
and deltas in some areas, but except for the Coastal Plain the
coasts generally have either lowland or upland cliffs. Where
the backshore relief is low, narrow pebble-cobble beaches have
developed. The arctic region was covered by thick ice sheets
during the Pleistocene and the weight of this ice caused the
land to be depressed. Since the ice melted the land has risen,
and in most areas, still is rising. In lowland sections this
has given a series of raised or stranded beaches which extend

up to several hundred meters above present sea level (Photo 5).

Photo 5. Vertical aerial photograph,
raised beaches near Cape
Storm, south Ellesmere Is-
land, N.W.T. (National
Air Photo Library, Ottawa,
Al6756-149, July 24, 1959).



The same processes occur in this environment as in lower
latitudes, however, ice plays a significant role in reducing
the level at which these processes operate. The characteris-
tics of the shorelines of this environment are predominantly

those of rocky cliffed coasts in a low wave-energy environment.

2.5 ATLANTIC COAST

The Atlantic coast of Canada is a predominantly exposed,
rocky environment that extends from the United States border to
Cape Chidley in northern Labrador (Fig. 2, p. 8). This unit is
45,369 km in length (Table 2, p. 10), represents 18.6% of Cana-
da's ocean coastline and includes the large marginal sea of the
Gulf of St. Lawrence (with a coastline of 7,500 km) and the
smallerIBay of Fundy (1,400 km). Within this region there is a
large variation in tidal range (Table 4, p. 17) and in levels
of wave energy. "The unifying characteristics of the region are
the rocky shorelines, the predominance of storm-generated waves,

and the general scarcity of littoral sediments.

The prevailing winds are out of the westerly quadrant
(Fig. 3 and Table 3, p. 12 to 15). The edge of the Polar Contin-
ental air mass lies across this unit and the local characteris-
tics of the winds are dominated by the west to east passage of
cyclonic depressions along this Polar Front. These low-pressure

systems are more frequent and intense during winter months when



the pressure gradients along the Polar Front are greatest.
Occasionally this coastal area is affected by extra-tropical
storms that form in the southwestern North Atlantic and swing
towards the north along the North American coast. These storms
are most common during the period August to October, and be-
tween 1871 and 1963 fifty such storms crossed this region, al-
though only 7 had hurricane-force winds (>120 km/hour) (Cry,

1965) .

Waves

This mid-latitude east-facing coast is influenced by waves
that are generated locally in the western North Atlantic. This
is a storm-wave environment (g.v.), with wave periods usually
between 4 and 10 seconds, as compared to the swell-wave environ-
ment that characterizes the Pacific coast of Canada (Davies,
1972). Within this unit there is a considerable variation in
wave energy in both time and space. For instance, Neu (1971)
notes that in offshore areas wave-energy levels in.winter are 5
times greater than in summer. However, during winter months
becaﬁse winds are primarily out of the northwest, the seas off
Nova Scotia are in a relatively sheltered location; SO that
wave-energy levels are 3 to 4 times iess‘than ovér gﬂé éxposéd
Grand Banks off Newfoundland. The yearly maximuﬁ-WaVe.heiéﬁts
range from 18 m on the Grand Banks, to 16 m off Lébrador, 12.5 m
on the Scotian Shelf, and to 7.6>m in the Gulf of St. Lawrencé

(Neu, 1972; Ploeg, 1971).



In the more sheltered coastal areas (the Gulf of St. Law-
rence and the Bay of Fundy), significant wave heights (g.v.)
are generally less than 2 m, with maxima occurring in winter
months. Wave-energy levels vary locally With shoreline orien-
tation and with fetch distances. For example, in the Magdalen
Islands, located in the central part of the Gulf of St. Law—
rence, significant wave—-height values are greater on the exposed
west coast by a factor of 2.25 in summer and 2.95 in winter when
compared'with the adjacent, but sheltered east-facing coast of

the Islands (Owens, 1977b).

Ice
The importance of ice 'in the coastal zone increases from
south to north (fig. 6, pP. 26). The southwest coasts of Nova
Scotia are virtually ice-free (Fig; 8), whereas ice is present
on the beaches and in the nearshore zone for up to 4 months each
year in the Gulf of St. Lawrence and for up to 7 months each
year in central Labrador (Allen, 1964). Ice on the sea prevents
wave generation and dampens existing waves, but the primary ef-

fect of ‘ice is its presence in the nearshore zone or on the

coast, which prevents waves acting upon the littoral zone.

Tides
There is considerable variation in tidal range throughout
this environment (Table 4, p. 17). From Cape Chidley in north-

ern Labrador to Battle Harbour on the southeast coast of Labrador,
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Figure 8. Limits of polar ice, pack ice (shaded
area) and permafrost.

the mean range decreases from 8.0 m to 3.0 m (C.H.S., 1977).
The outer coasts of Newfoundland and Nova Scotia have mean
ranges in the order of 1 to 2 m , whereas in the 'Gulf df St.
Lawrence the range is everywhere less than 2 m. In the St.
Lawrence estuary the mean range increases from 2.3 m at Sept
Iles to 4.1 m at Quebec City. The Bay of Fundy is notable for
‘its high mean tidal range that increases from 5 m at the en-

trance of the Bay to a maximum of 12 m in the upper reaches.



Throughout the environment,  the tides are mixed or semi-diurnal
(g.v.), except for a small region of mixed diurnal tides (g.v.)
in the Northumberland Strait within the southern Gulf of St.

Lawrence.

Geology

Theféééﬂ coast of"Labfadpr isupart of the’upiand rim of the
CanadianfSﬁield.z Coastal relief reaches a maximum of 1500 m in
northern areastkthe Tbrngat‘Mbuntains). 'Tﬁis‘upland, résistant
cQastal raﬁée WAS érodéd by glaciers dufing thé Pleistocene to
produce a fjord coastline. The resistant Shield rockslalso form
the north coast of the Gulf of St. Lawrence, although in this
area relief is much lower and the shoreline is more regular.

South of Labrador, the remaining sections of this unit are
the northern extension of the Appalachian mountain system.
This old range of folded rocks has low relief (generally less
than 500 m, with a maximum of 800 m), resistant rocks, and is
characterized by southwest-northeast structural trends. These
regional trends are particularly evident in the Bay of Fundy,
Nova Scotia (Fig. 9) and Newfolndland. The southern Gulf of St.
Lawrence is a broad basin of unresistant, unfolded rocks and is
a relatively flat, 1owlyingAregion with relief less than 200 m.
This entire reéion was glaciated during the Pleistocene but was
primarily an area of erosion rather than deposition, so that
surficial deposits are generally scattered and thin in most

areas.
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(compiled from various sources).

Coastal Geomorphology

The basic form of the coastline is provided by the struc-
tural controls exerted by the Appalachian mountain system in
the south and by the upland rim of the Canadian Shield in the
north. This environment is characterized by rocky shorelines
with occasional large accumulations of littoral sediments. The

Atlantic coast of Labrador is one of fjords, with few beaches,



and has an irregular rocky shoreline with many islands and
large inlets (Photos 6 and 7). In northern areas, coastal re-
lief is high and the shoreline has a bold, rugged character.
Newfoundland, Atlantic Nova Scotia and the north shore of the
Gulf of St. Lawrence have lowlying, irregular shorelines of re-
sistant rocks that provide little sediment for reworking by

coastal processes.

Photo 6. Aerial view of Battle Harbour,
southeast Labrador. Note the rocky
shorelines and lack of beaches. The
settlement of Battle Harbour is on
the east side of the harbour (to
the right in the photo) (from
C.H.S., 1974b) .

An extensive system of barrier beaches and barrier is-
lands has developed on the east coast of New Brunswick, the

north coast of Prince Edward Island, and on the Magdalen



Photo 7. Occasional Harbour, a deep glacially-

scoured fjord in an area with adjacent

coastal relief up to 150 m (from

C:EB.8., 1974b} .
Islands (Photo 8), in the southern Gulf of St. Lawrence (Owens,
1975). 1In this section material is provided to the littoral
zone by the erosion and reworking of lowlying, unresistant sand-
stones and unconsolidated glacial deposits. Sable Island is an
isolated depositional remnant of reworked glacial sediments, ap-
proximately 200 km southeast of the coast of Nova Scotia, on the
outer margin of the continental shelf. The island is 37 km
long and is composed entirely of sand (Photo 9). The only other
depositional environments occur in sections of high tidal range
that are sheltered from high levels of wave energy. These are

the extensive sand/mud deposits that have accumulated in the in-

tertidal areas of Minas Basin and Cumberland Basin, Bay of Fundy,



Photo 8.

Barrier beach, west coast of the
Magdalen Islands, P.Q., central Gulf
of St. Lawrence. The barrier system
is backed by dunes and encloses a
large tidal lagoon (August 1972 by
P. Haqgue).

Photo 9.

Eastern end of Sable Island off the
coast of Nova Scotia. The island is
less than 1 km wide in this area and
the dunes are replaced by a low over-
wash beach towards the eastern tip of
the island.



and on the southern shore of the St. Lawrence estuarv. In
total, these depositional coasts account for less thén 2%

(approximately 900 km) of the coastline of Atlantic Canada.

2.6 GREAT LAKES

The Great Lakes system has the largest surface area of
freshwater in the world (245,000 sg. km). Canada borders the
northern shores of Lakes Superior, Erie and Ontario and the
eastern and northern shores of Lake Huron, whereas Lake Mich-
igan is entirely within the United States. No measurements
are available on the length of Canada's Great Lakes coastline
but it is estimated to be in the order of 15,000 km. The
lakes form a sfep—like sequence from Lake Superior (184 m.
above mean sea level), through Lake Hﬁron (177 m), and Lake
Erie (174 m), to Lake Ontario (75 m), that drains into the
.North Atlantic Ocean through the St. Lawrence River (Fig. 10).
The coastal processes that affect the shorelines of- the Great
Lakes are essentially the same as those that operate on open
ocean coasts. The primary differences are that there are no
astronomical tides and that the water bodies are relatively
small in area, so that these are sheltered wave-energy envir-

onments.

Winds

The prevailing and dominant winds over the Great Lakes

region are out of the westerly gquadrant, between southwest
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(note that the horizontal and vertical scales
are considerably distorted) (From Ragotzkie,

1974) .

Figure 10.

and northwest (Fig. 3, p. 13). These winds are associated

with‘CYClonic depressions that form along the ?olar Front be-

tween the cold.arctic air to the north and the wafmér éoﬁtin;

ental airvmass of the central United States. The loprressure
systems cross the area from west to eas£ and are more inténse
Aduring winter monﬁhs, when the pressure differences between

the two air masses are greatest. This gives higher wind velo-

cities during winter months (Fig. 3, page 13). Locally land

and lake breezes can occur throughout the year due to tempera-

ture differences between the lake and the land. In summer



months breezes towards the lakes occur at night and towards
the land during the day. In winter the breezes are towards

‘the lakes.

Waves

Wave heights are generally low (<2 m) and wave periods
short (<5 seconds) due to the limited fetches; Lake Superior
has the longest fetches, with a maximum of 500 km. Levels éf
wave energy vary seasonally as wind velocities are greatest
in winter months. Energy levels at the shoreline are Very
variable, depending on the orientation of the coast with res-
pect to the direction of wave approach. For example, strong
winds out pf tpe southwest woqld give low energy conditionsr
on tﬁe coasts §f~§outh§e§t'Lakélontario aﬁa,ﬁaké.Erie,,but

would lead to high energy conditions on the northeast shores.

Ice

Ice_iimits the éenerétion and the effécts of waves dﬁring
the period from No&embe£ to April KC.Hle, 1976). Although the
lakes do nof freeze 6ver completeiy (except for Lake Erie); ice
on the shoreline prevehts sedimént redistribution by waveé. In

addition, pressure ridges may form in the nearshore zone and ice

can be pushed up onto the beaches or onto the backshore areas.

Water Levels

The Great Lakes are non-tidal, but lake levels vary due to

(1) river and groundwater inflow, precipitation, evaporation,



intermational Great Lakes datum (1955) meters

and outflow, (2) the regulation of the inflow and outflow by
man, and (3) the effects of wind-generated storm surges. Lake
elevations change from year to year as the balance between
water supply and loss varies. Long-term fluctuations of this

type up to 2 m have been recorded (Hough, 1968) (Fig. 11).
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Figure 11. Hydrographs of mean monthly Great Lakes
water levels, 1952-1973 (after Boulden,
1975).

The seasonal or monthly variations in lake levels due to hydro-

logic factors are in the order of 0.5 m to 0.6 m, although a



maximum of 1.24 m has been recorded for Lake Ontario. Lake
levels are usually highest in early summer and lowest in early
winter (Environment Canada, 1975). Short-term (daily) lake
level variations that result from barometric pressure, storm
surges and wind set-up are common. An extreme example is of
one storm in Lake Erie in February 1967 that caused the water
level at Buffalo to rise to 176 m (the normal lake level is
173.3 m), whereas at the same time the level dropped to 171.6 m
at the other end of the iake at Toledo. This set-up and set-
down led to a seiche effect (g.v.) of alternating high and low.
water levels at Buffalo and Toledo. Figure 12 illustrates a
similar situation as an equilibrium condition was restored

following a major storm surge (Clemens, 1976) .
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Figure 12. Water levels at Buffalo and
Toledo, Lake Erie, showing
storm surge followed by
seiche (g.v.) {(from
Ragotzkie, 1974).
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Geology

The Great Lakes were formed as ice sheets scoured along
pre-existing river valleys during the advances and retreats of
the Pleiétocene glaciation. The lakes began to form at the
margins of the retreating ice, approximately 15,000 years ago,
and by 2,000 years ago had achieved their present form (Hough,
1968). The lakes are located across the southern boundary of
the exposed resistant Shield rocks. Outcrops of the Shield in
the Sault St. Marie area and at the eastern end of Lake Ontario

act as bedrock dams to form Lakes Superior and Ontario (Fig. 13).
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Figure 13. Simplified geology of the Great Lakes region
to show the distribution of Shield rocks and
the Niagara dolomite outcrops. The cross
section A-A' is given in Figure 14.



Lakes Michigan, Huron and Erie are at approximately the same
level (Fig. 10), the two latter join through Lake St. Clair and
the St. Clair and Detroit Rivers that are cut in relatively un-
resistant sandstones and shales. The Niagara Escarpment, a re-
sistant limestone outcrop, dams Lake Erie (Fig. 13), and the
falls of the Niagara River are eroding back into the Erie basin
at a rate of about 2 m/year. From the Niagara River the escarp-
ment runs west then north through the Bruce Peninsula and Mani-
toulin Island, which result from erosion of less resistant rocks

adjacent to the escarpment (Fig. 14).

WEST

MICHIGAN
LAKE HURON

PENNSYLVANIAN AND
AN ROCKS. UNDIFFERENT!

TSI T ANTRIM SHALE =
D K

Figure 14. Cross section across the Michigan Basin (lo-
cated on Fig. 13). The escarpment formed by
the Niagara dolomite separates Georgian Bay
from Lake Huron (the Bruce Peninsula) and
Green Bay from Lake Michigan (the Door Penin-
sula) (from Pincus, 1962). :
Most of the Great Lakes environment is an area of low re-
lief, with a maximum elevation of 680 m near the northwest
coast of Lake Superior. South of the Shield, the ice deposited

considerable volumes of sediments that in most areas cover the

bedrock outcrops. These unconsolidated clays, sands and gravels



are easily eroded and form much of the shorelines of southern

Lake Huron and Lakes Erie and Ontario.

Coastal Geomorphology

The coasts of the Great Lakes are predominantly rocky or
cliff shorelines. Relief is generally low (<20 m) and in Lakes
Erie and Ontario and in southeast Lake Huron the coastline is
relatively straight as the cliffs are cut into unconsolidated
glacial deposits. Erosion in these areas supplies material for
the development of extensive beaches, particularlf on the north
‘shores of Erie and Ontario. Elsewhere only local accumulétions
of beach sediment occur and the sediment supply to the littoral
zone is very limited due to the resistant nature of the coastal
outcrops. On these rocky coasts the shoreline is frequently
very irregular, with numerous headlands, bays and islands. Al-
though the lakes are non-tidal, variations in lake levels due
to annual, seasonal and meteorological factors produce water-
level changes up to 4 m. High lake levels can have a marked
effect in the littoral zone, particularly on the erosion of un-
consolidated cliffs (Pincus, 1962, p. 131) and on beach overwash
and erosion processes. This is a relatively low wave-energy en-
vironment because of the small fetches and because ice plays an
important limiting role on the effects of waves for 3 to 5

months each year.



2.7 SUMMARY

Canada's coastal zones encompass a wide range of climatic,
oceanographic and geologic environments. However, close examin-

ation of these environments indicates that rocky coasts are the

dominant shoreline type. This is shown in a generalized map of
coastal landforms presented in Figure 15.

The process environment is characterized by the fact that
approximately 90% of the total coastline is affected by the
presence of ice on the beaches or the adjacent waters. ﬁritish
Columbia is the only ice-free region, whereas northern areas of
the Arctic Archipelago may remain ice-locked for several success-

ive years (Fig. 5, p. 25).

Figure 15. Coastal landforms of Canada and adjacent
areas of the U.S. (from Dolan et al., 1972).
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PART 3 - COASTAL ENVIRONMENTS OF THE PACIFIC COAST

The Pacific coast of Canada is divided into 6 environ-
ments on the basis of exposﬁre to waves and on the geological
character of the coastal zone (Fig. 16, Table 5). There are
'many local variations in the shoreline types within each
coastal environment but at this level of discussion these are

less significant than the more general characteristics of the
-coast.

Information ﬁsed for definition of these coastal environ-
.ments was derived primarily from an aerial reconnaissance of
‘the coasts of Vancouver Island south of 50°N and of the Fraser
.River delta; from the Sailing Directions (C.H.S., 1974); frém
Holland (1976); and from J.L. Luternauer (Geological Survey of
Canada, pers. comm.). Relatively little work has been carried
/out on the coasts of this region, so that the available data

“base is very limited for most areas.

3.1 FRASER RIVER‘DELTA

| This is a river-dominated environment characterized by a
large prdgrading delta system. The modern (western) delta is
37 km wide and faces the Strait of Georgia; an abandbned delta
(13 km wide) faces south into Boundary Bay (Luternauer and
Murray, 1973). These two deltaic systems are separated by the
Point Roberts Peninsula, a deposit of unconsolidated glacial

sediments. The Fraser River bifurcates at New Westminster to
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Figﬁre 16. Coastal environments of the Pacific
coast (see Table 5).



TABLE 5.

Characteristics of Pacific Coastal Environments

GEOLOGICAL COASTAL ZONE FETCH AND MEAN TIDAL SEDIMENT
CHARACTER BACKSHORE RELIEF BEACH CHARACTLER WAVE EXPOSURE RANGE AVAILABILITY
1. Fraser River Unconsolidated Low: marshes, Flat intertidal <50 km, very 3 m Very
bDelta fine-grained usually dyked. zone of sand and sheltered. abundant.
sediments; ac- mud up to 6 km
cumulation of wide at low tide:
river-borne no beaches.
material. .
2. Strait of Resistant ig- Low coastal Absent or narrow, Up to 200 km: 3m Scarce: some
Georgia neous rocks on plain backed by with pebble- outer coasts ex- local concen-
mainland: vol- fjords cut into cobble sediments: posed, elsewhere trations.
canics and mountains: occur near glacial very sheltered.
sedimentary cliffs in less deposits on low-
rocks on Van- resistant rocks lying coasts.
couver Is. or glacial de-
posits.
3. Juan de Resistant Low coastal Pebble-cobble and Progressively 2.5 m Scarce: some
Fuca Strait lavas. plain: cliffs up narrow in east; more sheltered local concen-
to 10 m. absent or narrow to the east: trations.
in west: rock in- west shore very
tertidal plat~ exposed.
forms.

4. Outer Resistant vol- Mountains or up- Absent or narrow >1000 km, exposed 3m Very scarce:
Pacific canics or lavas. lands incised by with pebble- very high energy; a few local
Shore steep-sided cobble sediments: sheltered inner concentra-

fjords: narrow isolated wide sand coastal zone. tions.
coastal plain on beaches near erod-
Vancouver Is. ing glacial de-

posits.

5. Queen Resistant ig- Coastal lowlands Absent or narrow 300 km to >1000 km, 3 to 5 m Very scarce:
Charlotte neous rocks on give way to with pebble- exposed outer some local
Sound and mainland lavas mountains or up- cobble sediments: shores, sheltered concentra-
Hecate Strait or volcanics lands cut. by deltas at heads inner coastal zone. tions.

on Q. Charlotte fjords. of fjords.
Islands.
6. East Graham ‘Unconsolidated Cliffs up to Wide sand or Up to 300 km, 3 to5m Abundant.

Island

glacial drift
or outwash
sands and gra-
vels.

100 m high:
relief <200 m.

sand/gravel

.beaches.

exposed.

€9
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give two major channels, North Arm and Main Channel, that enter
the Strait of Georgia just to the north of the United States
border. The delta area is a lowlying marsh that has been dyked
and reclaimed in many areas. Seaward of the marsh the delta-
front is prograding at a rate of 2.5 m/yr (Glass, ed., 1972) by
deposition of the river-borne sediments. Low-gradient mud and
sand flats, in the order of 6 km wide, are exposed at low tides
(Photo 10). On the intertidal flats there is a general grada-
tion from sands in the lower intertidal zone to muds in the up-
per flats. The muds in turn give way directly to the vegetated
marshes. The channel margins (Photo 11) are characterized by

deposits of medium to fine sand (Luternauer and Murray, 1973).

Photo 10. Intertidal mud flats backed
by dyked and reclaimed
marshes; Sturgeon Bank,
Fraser Delta, British Colum-
bia (December 1976).
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Photo 11. Mouth of the Middle Arm Channel,
Fraser Delta, British Columbia
(December 1976) .

Redistribution of the surface sediments by river, wave
and tidal currents results in sand waves that are less than
1 m in height and that have a crest-to-crest spacing between
50 and 100 m. Frequently these sand waves have deposits of
mud in the troughs (Medley and Luternauer, 1976). The con-
struction of jetties and breakwaters has altered the natural
processes locally. In many of the sheltered sections created
by these constructions, extensive eel-grass beds have developed.
In addition, these man-made structures may have induced local
erosion or extension of the marsh edge (Luternauer, 1976a),
although in general the marsh is relatively stable in position
(Medley and Luternauer, 1976).

The basic form and character of the unconsolidated deltaic



deposits is primarily controlled by the discharge of the river.
The local distribution and form of the sediments on the inter-
tidal flats between the major channels results from wave- and
tide~induced processes. River discharge is at a minimum during
the period from January to March, increasing to a maximum from
the end of June to mid-August, with about 80% of the yearly
runoff during May through July (Luternauer and Murray, 1973).
During this latter period, river currents are in the order of

3 m/s and the river outflow prevents seawater from entering

the channels during the flooding tide. Often the plume of sed-
iment from the delta is clearly visible and extends up to 30 km
into the Strait of Georgia. The delta is largely sheltered
from waves and any incoming wave energy is dissipated on the
shallow delta margins in the low-tide zone. The mixed semi-
diurnal tidés (Fig. 17) have a méan range of 3 m, with a‘maxi—
mum range of 4.7 m during spring tides.

The charécter of the shore zone of this environment is
dominated by the wide, flat intertidal sand and mud deposits
and by the extensive marshes in the backshore. The North Arm
of the Fraser River enters the sea along the northern fringe of
the delta, whereas the Main Channel bisects the délté to pfo—
duce two large tidal flats (Sturgeon Bank in the north (Photo
10), Roberts Bank in the south) that are of almost equal area.
The fléts are dissected by numerous small creeks and channels
and there are large areas of migrating sand waves or megaripples

(Photo 12). The dyked marshes are rarely inundated, whereas
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Figure 17. Typical tidal curves for Prince Rupert

and Vancouver, British Columbia for a
one-month period (in metres) (from
C.H.S., 1977). See also Table 4 (page
17) and Figure 4 (page 14) for further
data and the location of these stations.

Photo 12. 1Intertidal sand bars exposed at
mid-tide between North Arm Jetty
and Iona Causeway, Fraser Delta,
British Columbia (December 1976).



non—protected areas are flooded during the maximum runoff per-
iod and during high spring tides. An abandoned delta front in
Boundary Bay has intertidal flats that are up to 4 km wide at
low tide. Considerable accumulations of logs are found in many

areas at or above the high-water mark.

3.2 STRAIT OF GEORGIA

The coastline of the Strait of Georgia, including Johnson
Strait and Queen Charlotte Strait in the north, was formed by
the inundation of the northwest-southeast trending Georgia De-
pression. This Depression lies between the intrusive igneous
roéks of the Coast Mountains and the volcanic and sedimentary
rocks of the Vancouver Island Mountains. An arch of.resistaﬁt
igneous rock extends into the Depression, in the area of John-
son Strait, to separate the Strait of Georgia from the Queen
Charlotte Strait. In many sections of theVStrait of Georgia
the coastal zone is a low, nérrow plain that gives way inland
to upiands or mouﬁtains, with relief up to 2000 m within 30 km
of the coast. |

The region was repeatedly glaciated by ice flowing from
the adjacent mountain ranges on each side. On the eastern
coast of the Depression, erosion by the ice along former rivers
gouged deep, steep-sided valleys which were later flooded to
become fjords, as sea level rose following the retreat of the
glaciers. The longest of these fiords cuts back more than

70 km into the Coast Mountains. The drowning of the complex



pattern of fjords has led to the formation of many islands
along the coast. On the west side of the Georgia Depression,
the coastal plain is larger and few fjords have developed.

On the southeast coast of Vancouver Island.differential ero-
sion of relatively unresistant sedimentary rocks has led to
the formation of a series of linear, parallel islands (the
Gulf Islands). In many parts of the Strait area, glacial sed-
iments were deposited in the present coastal zone.

The tides of this environment range from the mixed mainly
semi-diurnal type in the south (Fig. 17, page 57), with a mean
range of 3 m, to mixed semi-diurnal tides in the northern
areas, which have a mean range of 3.5 m. Strong'tidal currents
occur in the passages between islands where the tides are con-
stricted. Passes in fhe.Gulf Islands have currents up té
4 m/s, whereas in Seymour Passage in the Johnson Strait area,
currents up to 7 m/s are common (C.H.Si, 1977). ‘Winds in this
environment are charactéristically out of the northwest or west
in summer months (Fig. 3, Table 3; pages 12 to 15), with
stronger easterl& and southeasterly winds in-winter months.
Dufing the period October tb March, storms with winds greater
than 60>km/hr occur on the average 3 to 4 days each month. Al-
though the Strait.area is‘protected, winds blowing along the
axis of thevStrait éan generate high waves. In winter months
wave heights up to 3m oécur for approximately 5% of the time

(Table 6). Due to the very short fetches in most areas, the



TABLE 6. Wave Height Data for the Pacific Region

SEA SWELL
Summer Winter Summer Winter

>1m >3m >1m >3m >1m >2m >1m >2m
Open 50% 8% 70% 20% 50% 10% 80% 30%
Coast ‘
Strait of 15% 2% 35% 5% 30% 5% 40% 10%
Georgia
Hecate 25% 8% No Data 20% 5% 8% 0%
Strait

Source: Canadian Hydrographic
Service, 1974

majority of the shorelines are not exposed to high wave-energy
levels (Photo 13). |

The backshores of this environment are predomiﬁantly wood-
ed, low, resistant and rocky (Photo 14). The mainland cdast
has many steep-sided fjords that cut back into the mountains,
and these frequently have small deltas with marshes and inter-
tidal mud flats at their heads (for example, at Squamish).
Wave—-cut cliffs have developed by erosion of unconsolidated

sediments, particularly along the southeast coast of Vancouver

Island and in the Gulf Islands where the rocks are less



Photo 13. Sheltered littoral environment
with pebble-cobble-boulder sedi-
ments on beach, near Courtenay,
Vancouver Island, British Colum-
bia (December 1976).

Photo 14. Low rocky coast in the Gulf Is-
lands, Strait of Georgia, Brit-
ish Columbia (December 1976).



resistant. Because marine erosion is limited, the many sméll
pocket beaches have developed only wheré'unresistant_rocks or
unconsolidated glacial deposits occur along thé coast. Beaches
in sheltered sections are usually a mixture of sand to cobble-
size material (Photo 13), with large accumulations of logs at
or near the high-water mark. Relatively large deltas have de-
veloped at the mouths of the Courtenay, Cowichan and Nanaimo
Rivers; but in other areas sediments are generally scarce.
Intertidal rock platforms, or mud flats in sheltered sections,
up to 300 m wide at low tide, are exposed due to the lérge ti-
dal ranges in areas of low coastal relief. Kelp beds frequent-

ly occur in these sheltered, shallow areas.

3.3 JUAN DE FUCA STRAIT

This' long, narrow strait was eroded between the resistant
lavas of southern Vancouver Island and the Olympic Mountains
to the south. The structural trends in this environmént are
west-northwest to east-southeast, parallel to the Strait, and
the preglacial valley that followed these trends was over-
deeped by Subsequent giacial erosion.

Tides are mixed semi-diurnal with a mean range 6f 2.5 m
in the west, chanding to mixed diurnal tides (Fig. 17, page 57)
with a mean rqggefof 2 m in the east. Tidal currents are gen-
erally less thaﬁ i m/s at the entrance to the Strait increasing
to 3 m/s on the coast near Race Rocks in the east (C.H.S.,

1974). Winds in this environment are considerably modified by



the topography but are predominantly out of the southwest or
west in summer (with occasional southeast and west storms),
and out of the northwest in winter months with a greater fre-
quency of southeast storms. Between October and March winds
greater than 60 km/hr occur for 10 to 15 days each month, but
for only 1 or 2 days each month in the summer. The western
coast is exposed to high levels of wave energy, but wave
heights decrease rapidly towards the east within the shelter
of the Strait.

The coastal geomorphology of the Juan de Fuca Strait is
relatively uniform, characterized by a low rocky shoreline,
with cliffs up to 20 m, and a wide (200 m), rocky intertidal
wave-cut platform (Photo 15) that is frequently surrounded by

kelp. Littoral sediments are scarce due to the resistant

Photo 15. Pachena Point, west Juan de Fuca
Strait (December 1976). Note the
wide, rocky intertidal platform
and the low cliffs.



nature of the rocks but have accumulated as a series of small

beaches that in eastern sections are of pebble-cobble material
with logs in the upper intertidal zone. In the west thgre are
many pocket beaches of coarse sediments and a few narrow, sand
beaches. The only major shoreline irregularity that interrupts
this straight coast is the wide fjord in the Port Renfrew area.
Elsewhere rivers or streams are small and frequently have wave-

formed bars across their mouths.

3.4 THE OUTER COAST

The exposed Pacific coasts of the Queen Cﬁarlotte Islands
and Vancouver Island are a very high wave-energy environmént,
exposed to the full force of waves generated in the North Pacif
fic. This resistant, rocky coast follows the northwest-southeast
regional structural trends, with the west coast of Moresby Is-
land being a straight, fault-line cqast (Sutherland Brown, 1968).
The continental shelf in the north is non—existent'off Moresby
Isiand or extremely narrow (ks km)( widening to a maximum.of
100 km in the south off VancouVef Island. The island mountain
ranges rise to maximum elevations of 1200 m in the Queen Char-
lottes and 2200 m on Vancouver Island. The resistant lava or
volcanic mountains are directly adjacent to the coast, with ele-
vations up to 1000 m within 10 km of the shoreline (Photo 1,
page 18), except in the central part of west Vancouver Island

where there is a narrow coast plain up to 20 km wide. Glaciers



from the island mountains eroded steep-sided fjords to give
this rugged coast a spectacular character. The drowning of
the extensive fjord system by the sea after the retreat of the
ice has produced a complex upland shoreline of inlets and is-
lands (Photo 16). The distribution of glacial sediments on
this coast has not been fully mapped, but they are found on

the central coastal plain on west Vancouver Island.

Photo 16. View inland near Tofino,
west Vancouver Island,
British Columbia. A sand
beach on the outer, ex-
posed coast gives way
landward to a sheltered
environment of islands
and channels.



Tides are of the mixed semi-diurnal type everywhere and
have a mean range of 3 m. Winter winds along the coast are
dominantly out of the southeast, with prevailing northwest
winds in southerly areas and southwest winds in northern sec-
tions during summer months. Wave-energy levels are very high
throughout the year, with maxima during fall and winter months.
Offshore wave heights (Table 6, page 60) of locally-generated
waves are greater than 3 m for 8% of the time in summer months
and 20% in the winter. Swell-wave heights can be expected to
be greater than 2 m for 10% in summer and 30% in winter months.

The coastal geomorphology of this exposed, rugged coast is
locally varied but overall very similar. This is a fjord coast
with many islands and low rocky shorelines on the outer fringe
(Photos 15, 16 and 17). Cliffs are rare, with the exception of
west Moresby Island where. they rise vertically to 150 m. The
west coast of the Queen Charlotte Islands'is generally much
steeper than that of Vanéouver Islénd. In the sheltered fjords
and>on the lee sides of the many small outer islands, trees ex-
tend déwn to the high-water mark. In sections of low relief
the intertidal zone is rocky and usually has a narrow sand or
pebble-cobble beach at the high-water mark. On west Vancouver
Island a few isolated, but extensive (up to 10 km long) beaches
have developed on the exposed coast adjacent to exposures of
unconsolidated glacial deposits (Photo 3, page 21). At Long
Beach, in Wickinannish and Florencia Bays, the wide, flat sand
beach is backed by a debris line of logs at the high-water mark

and by low, vegetated dunes or cliffs (Photo 18). 1In the



Photo 17. Buttle Lake, a former fjord, now cut
off from the sea, near Campbell River,
east Vancouver Island, British Colum-
bia. Although this example is from
the Strait of Georgia environment it
is typical of fjords on the outer coasts.

Photo 18. A section of Long Beach, Pacific Rim
National Park, west Vancouver Island,
British Columbia (December 1976). This
wide sand beach is backed in this area
by a small dune field. Note the regular
pattern of the incoming swell waves and

the width of the surf zone (approx. 200-
250 m).



sheltered area of Grice Bay, adjacent to Long Beach, wide mud
flats have developed in a small, shallow embayment. Small
deltas with intertidal mud flats are found at the heads of most
fjords, but in general there is a scarcity of sediments in the
coastal zone. The exposed and rocky outer shoreline gives this
coast its character, but the complex system of islands and in-
lets also provides many loW—energy sections sheltered from the
force of the Pacific waves. In particular, the drowned lowland
area of Barkley Sound is a maze of small islands set back from
the main trend of the coast (c.f., Photo 16, page 65) and is in
marked contrast to the cliffs of Moresby Island or the coastal

fijords.

3.5 QUEEN CHARLOTTE SOUND AND HECATE STRAIT

The Hecate Depression is a continuation of the regional
structural trend that includes the Georgia Depression. This
northwest-southeast depression is flanked by the Coast Moun-
tains on the mainland, rising to 2800 m, and by the Queen
Charlotte Mountains that reach elevations of 1200 m. The outer
rim of the insular mountains is broken south of the Queen
'Charlotte Islands by the Queen Charlotte Sound, where ice cov-
ered the relatively lowlying areas north of Vancouver Island.
The mainland mountains are resistant ignecus rocks that give
relief up to 1000 m within 50 km of the coast. These mountains
"have been deeply dissected by glaciers that eroded along former

river valleys. These were overdeepened to produce a maze of



fjords. The resistant basalts and lavas of the Queen Char-
lotte Islands have been eroded by ice to produce a complicated
mountain coast of fjords and islands. In many sections of this
environment, the coasts that border directly on the Hecate De-
pression are areas of low, flat relief that inland rise rapidly
to mountains and fjords. This type of flat coastal plain that

fronts a high fjord coast is referred to as a strandflat.

The mean range of the mixed semi—diufnal tides increases
from 3.4 m at Bella Bella to 4.9 m at Prince Rupert (Fig. 17,
page 57) and 5.0 m at Queen Charlotte City. The tides are con-
stricted in the many channels and currents up to 2.5 m/s are
common in narrow passages. Winds in the region are primarily
from the southwest in winter and from the northwest in summer.‘
This general pattern is considerably modified by local topo-
graphy, so that in the Portland Inlet, for example, strong
winds are funneled towards the shoreline out of the northeast.
Offshore wave heights are greater than in the more protected
areas of the Strait of Georgia, but\are considerably less than
on the outer Pacific coast (Table 6,Apage 60) . Wave—-energy
levels decrease both to the north, as the coast becomes more
sheltered from inqoming Pacific swell, and inland wﬁere the
péssages and channels are protected by the islands.‘ Occasion-
ally ice forms in the rivers or in inlets where freshwater oh.
the sea surface freezes, but ice does not play an important

role in littoral processes.
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On the outer islands of the mainland coast, such as Banks
Island, the western shorelines are rocky and lowlying. This
gives the outer shoreline many rock islets and islands. A
similar situation occurs on the east coast of the Queen Char-
lottes where the relief of the islands bordering Hecate Strait
decreases towards the east. This low rocky outer shoreline
gives way inland in all areas to a complex system of narrow,

steep-sided channels in low wave-energy environments (Photo 19).

Photo 19. South entrance, Hiekish Narrows,

Finlayson Channel, in the Inner

Passage. The steep, wooded

coasts are tree-covered and this

is a sheltered wave-energy envir-

onment (from C.H.S., 1974).
Wave-cut cliffs are rare and vertical fjord cliffs result from
glacial rather than marine erosion. The shorelines are steep
but in some sections have trees growing down to the high-water

mark. The intertidal zones are generally rocky and narrow with

few accumulations of beach material. Beaches, usually of




pebble-cobble size material, are more common though not exten-
.sive on the outer coasts, where sediments can accumulate more
readily due to the shallower nearshore gradients.

Small deltas are common at the heads of fjords (e.g., at
Bella Coola and Kitimat). These are usually characterized by
sand and mud intertidal flats backed by marshes that are inun-
dated during the spring runoff period. The deltas are domin-
ated by fluvial rather than by marine processes. The Skeena
River has a large prograding delta, that has extensive inter-
tidal sand flats and migrating sand waves. Near the channels,
mud deposits are more common than sand and in sheltered areas
there are extensive eel-grass beds (Luternauer, 1976b). The
character of the coastal zone of the Hecate Strait-Queen Char-
lotte Sound unit is dominatéd by two méjor shoreline environ-
ments: (i) the lowlying, high wave-energy, rocky outer'shore—
lines that border Hecate Strait and Queen Charlotte Sound, and
(ii) the steep-sided, low energy, ihland channels and fjords

(Photo 20).

3.6 EAST GRAHAM ISLAND

This flat, lowland plain is composed of glacial drift and
of sands and gravels that were deposited by outwash streams
(g.v.) from former glaciers on the Qﬁeen Charlotte Mountains
(Sutherland Brown, 1968). Elevations are less than 200 m and
much of the plain consists of muskeg. Offshore gradients are

low, as marine processes have eroded a wide platform.



Photo 20. Cascade Inlet,
British Columbia. A long (25 km),
straight, steep-sided fjord that

cuts into the Kitimat Range
(from Holland, 1976).

near Ocean Falls,



Mean tidal range decreases from 5.0 m at Queen Charlotte
City, to 3.2 m at Rose Harbour and 2.7 m at Masset on the Dixon
Entrance coast. The north coast is affected by Pacific swell
waves that enter through Dixon Entrance and the east coast has
a wave-energy environment related to locally-generated waves
formed along the axis of Hecate Strait.

This large depositional plain is undergoing considerable
marine erosion on the north and southeast-facing coasts. The
east coast is primarily one of erosion and transportation with
cliffs, up to 60 m high at Cape Ball, which are being cut into
the unconsolidated glacial deposits by wave action. The sedi-
ments are_being transported to the northeast by littoral drift
towards Rose Point. There is a general decrease in the grain
size of the sediments from pebble-cobble material near the
cliffs to sands at the spit itself. The beaches of the north
shore are in a depositional environment and are generally wide
(up to 150 m at low tide), sandy, and in some sections are
backed by dunes (c.f. Photos 3 and 18, pages 21 and 67). The
east-facing beaches are narrower, steeper and consist of coarse
sediments (gravel). Sand is transported around the depositional
feature of Rose Point and then is moved westward along the north
coast towards Masset Inlet (Holland, 1976). Virego Sound and
Masset Inlet are the only major irregularities in this coast-
line. 1In Virego Sound, mud flats up to 6 km wide are exposed

at low tide and these give way to extensive marshes in the back-



shore. The head of Masset Inlet has a fjord coast but, al-
though the inlet is tidal, the inlet is more like a small in-
land sea as it is connected to the ocean by a long (30 km),

narrow channel.






TABLE 7.

Characteristics of Arctic Coastal Environments

cliffs-usually w/
permanent ice foot.

row leads.

.GEOLOGICAL . COASTAL ZONE FETCH AND MEAN TIDAL SEDIMENT
CHARACTER BACKSHORE RELIEF BEACH CHARACTER WAVE EXPOSURE "RANGE AVAILABILITY

1. Hudson Strait-  Resistant Canadian Upland coast, Pebble-cobble Eastern areas ex- 3 -9 m Scarce,
Southeast Shield rocks. cliffs 50-500 m beaches backed by posed to Labrador (max. 15 m 1locally
Baffin ~ (max. 1000 m in raised beaches in Sea storms; else- spring abundant at.

east); fjords in lowlying areas; where sheltered. range in heads of
all upland areas; wide tidal mud or Ice-free season Ungava fjords.
S. Ungava-low- sand flats in Un- is 3-4 months. Bay) .
land. gava Bay:; deltas
at fjord heads,
often boulders in
intertidal zone.
2. Hudson Bay a. Unfolded, un- a. Very low rocky a. Beaches absent Sheltered inland 0.3 -4 m Scarce.
resistant sedi- coast (<20 m), of- or narrow pebble- sea.
mentary rocks. ten swamp or mus- cobble; wide in- Ice-free season
keg and raised tertidal flats & is 2-4 months.
b. Predominantly beaches. nearshore shoals
resistant Shield with mud or sand
rocks. b. Hilly or up- cover in southern
land coasts, max. . areas.
cliff heights
500 m in Richmond b. Narrow pebble-
Gulf. cobble beaches at
base of cliffs.
3. Fjord Coasts Canadian Shield, Mountain coast, Beaches rare ex- Sheltered coasts, 0.5 -3m Scarce.
with less resis- relief up to: cept in lowlying fetch & energy
tant folded sedi- 2000 m (cliffs up areas, peb/cobble levels decrease to
mentary rocks in to 1000 m); great- sediments, mud or the north. Ice-
N. Ellesmere ly indented by sand flats at free season: 0-1
(Innuitian Mts.). fjords, many tide- heads of ice-free month in north,
water glaciers. fjords. 1-3 months in south.

4. Jones Sound- Unfolded, rela- Upland plateau Narrow at cliff Very sheltered, 1 - 2m Abundant,
Lancaster tively unresis- (relief 300 to bases; raised low energy envir- but little
Sound-Prince tant sedimentary 400 m). Steep beaches in low- ment. Ice-free: redistribu-
Regent Sound rocks, mainly cliffs with talus lying areas. season 1-3 months. tion.

. limestones. at base; some
fjords.

5. West Ellesmere Folded sedimen- Upland.or mountain Beaches generally Very sheltered, <Im Abundant,
and Axel tary rocks coasts, relief narrow or absent. little wave ac- but little
Heiberg Islands  (Innuitian Mts.); 500-1000 m; large Raised beaches in tivity. Ice- redistribu-

" structural fjords follow lowlying areas; free season is tion.
trends NE-SW structural trends. deltas & interti- 0-1 month.
to N-5. dal mud or sand
: flats in fjords.

6. Ice Shelf i ‘Innuitian Mts. High relief, ice Ice shelf extends virtually no <lm Scarce,
fields, occasional onto adjacent sea; wave activity, coastline
rock cliffs (50~ beaches, absent ex~ rarely ice-free predominant-
200 m). cept at base of except for nar-. ly ice.

9L
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GEOLOGICAL COASTAL ZONE FETCH AND MEAN TIDAL SEDIMENT
CHARACTER BACKSHORE RELIEF BEACH CHARACTER WAVE EXPOSURE RANGE AVAILABILITY

7. Coastal Plain Unfolded, unresis- Relief decreases Beaches narrow ex- Very sheltered; <1lm Abundant,

: tant sedimentary from east to west; cept in SW Banks little or no but little
rocks or unconsol- predominantly very 1Is.; wide, shallow wave activity in redistribu-
idated sands and low coasts. nearshore zone of- north; SW Banks tion, except
gravels. : ten with mud and Island is ice- on SW Banks

boulder sediments; free for 0-1 Island.
many deltas, braid- month (max. fetch

ed streams & raised is 100 km).

beaches; barriers &

spits in SW Banks

Island.

8. Ria Coasts Folded sedimen- . Generally lowland Beaches, deltas, Very sheltered, 1 -2m Abundant,
tary rocks (In- relief; few cliffs braided streams, little wave ac- but rela-
nuitian Mts.); except in SW Mel- & raised beaches tivity; ice- tively
structural ville Island; al- in lowlands; sand free season is little re-
trends approx. ternating bays & or peb/cobble sed- 0-2 months. distribution
west-east. headlands. iments, with mud

in sheltered areas.
9. S. Archipelago Resistant Shield Lowland region, Peb/cobble beaches, Very sheltered, <lm Abundant in
- Mainland rocks with less relief <500 m; shallow nearshore little wave ac- except in most areas.
resistant sedi- cliffs 5 - 20 m; areas, mud flats tivity in many SE Foxe

mentary rocks
(mainly lime-
stones) in the
Islands; area of
glacial deposits.

high cliffs rare.

in sheltered loca-
tions & in SE Foxe
Basin.

areas. Ice-free
season is 0-2
months.

Basin (5m).

10. Tuktoyaktuk Unconsolidated Low relief, irre- Low barriers and Very sheltered, <lm Abundant.
Peninsula- sediments (sand gular shorelines, spits of sand or particularly Storm
Liverpool Bay and gravel). many lakes in back- sand-pebble mater- Liverpool Bay. surges up
shore; some low ial. Ice~-free season 3 m,
cliffs (<10 m), is 1-4 months.
mainly lagoons and
dunes; rapid coast-
al retreat.
11. Mackenzie Unconsolidated Low, marsh; levees Narrow sand/silt Deltaic envir- ‘<1lm Abundant.
River Delta deltaic sediments. up to 3 m; relief beaches on outer onment. Ice- Storm
higher in eastern delta margin. free season is surges up
areas with some 1-4 months. to 3 m.
low cliffs.
12, Yukon Coast Unconsolidated Unresistant low Low barriers, Very sheltered <lm Abundant.
sediments. cliffs generally spits and deltas. environment. Ice Storm
<20 m (max. 50 m); free season is surges up
rapid coastal re- 1-4 months. to 3 m.

treat.

LL



The dominant characteristic of this unit is the role of ice
that affects coastal processes for at least 6 months each year
throughout the region.

The primary sources of information used for this region
were Bird (1967), Dunbar and Greenaway (1956), the Pilot of
Arctic Canada (C.H.s., 1968, 1970 and 1974), and Taylor (1973).
In particular, Taylor presents maps of the coastal geomorpholo-
gy of the Queen Elizabeth Islands. It must be noted, however,
that many coastal areas of the Canadian Arctic are relatively
unexplored. The overall data base from which this discussion
is derived is very variable, both in detail and in regiQnal

coverage.

4.1 HUDSON STRAIT AND SOUTHEAST BAFFIN ISLAND

This environment is predominantly an upland coast charact-
erized by high tidal ranges. This is a region where the eastern
rim of the Canadian Shield forms a resistant upland area that is
cut by Hudson Strait. In southeast Baffin the regional struc-
tural trends are northwest-southeast, and are followed by the
large fjord-bays of Frobisher and Cumberland Sound. On the
south shore of Hudson Strait, Ungava Bay is a large re—ehtfaﬁt
formed in a lowlying part of the Shield that has a relatively
thick mantle of glacial sediments. Elsewhere surficial deposits
are scattered and thin.

A major characteristic of this environment is the large
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range of the semi-diurnal or mixed semi-diurnal tides (Fig. 19,
Table 8). Along the south shore of the Strait the mean range
is everywhere greater than 3.4 m (5.6 m spring range) and is
greater than 6.6 m (10.2 n spring range) in Ungava Bay. On the
north shore ranges are greater than 4.1 m (6.4 m spring range)
and are greater than 5.0 m on the open coast of Davis Strait
and the Labrador Sea. An important feature of the tides is
that the spring range is often twice as great as the neap range
(Table 8, Fig. 19: Frobisher). Tidal currents greater than
2.6 m/s are common, reaching up to 6 m/s in channels such as
the Smokey Narrows of Ungava Bay (C.H.S., 1974). The prevail-

ing winds are out of the northwest (Fig. 3, page 12), with more

Frobisher 0.

e S

I =R S rpY

H

LEGEND Tuktoyaktuk

@ new moon .

& i 5MﬂwwwwwC/téff%W\A,WNV\‘\MWW .

QO full moon )

) last quarter fo) 4 ) B ® © .
Figure 19. Typical tidal curves tror Frobisher, Resolute

and Tuktoyaktuk, N.W.T., for a one-month
period (in metres) (from C.H.S., 1977). See
also Table 4 (page 17) and Figure 4 (page 14)
for further data and the location of these
stations.
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TABLE 8.

Tidal Ranges: Southeast Baffin Island and Hudson Strait

Hudson Strait Mean Large (in metres)

South Shore:

Ungava Bay - Leaf Basin 9.3 14.8
Diana Bay 6.4 10.2
Sugluk 3.4 5.6

North Shore:

Lake Harbour 7.7 12.7

Frobisher Bay:

Frobisher 7.3 11.6

Cumberland Sound:

Imigen Island 4.9 7.0

Source: Canadian Hydrographic
Service, 1977



variable winds and usually lower velocities in summer months
due to weaker pressure gradients. Gales (winds >50 km/hr) are
most frequent in autumn and winter, increasing from an average
of 5 days each months in August to a maximum of 10 days in Nov-
ember and December (C.H.S., 1974). The period of storms coin-
cides with the open-water season, giving a high wave-energy en-
vironment during thé ice-free period. Wave-energy levels are
greatest on the exposed southeast coast of Baffin Island but
much of this unit is within a sheltered wave environment.
Breakup beginé during June and by late July ice remains only in
Ungava Bay, Frobisher Bay, and Cumberland Sound. During a
heavy ice year the Straitsvmay not be clear until August (U.S.
Naval Oceanographic Office, 1965) (Fig. 20a). Freeze-up éom—
mences in late October and most coastal areas have a 10/10
fast-ice cover by late November (Fig. 20b). The open-water sea-
son at Frobisher is usualiy in the order of 90 days (Fig. 6,
page 26).

| The. coastal geomorphology of this environment proyides a
cohtrast between precipitous cliffs and wide intertidal mud
flats. Along the Ungava Bay coast, the eastern shore is a low-
land rock area with occasional cliff and fjord sections. To
the south, this gives way to an area of very low relief with a
very shallow nearshore zone and wide mud»flatsféprséd‘at low
_tide. The west coast is low, rocky, with wide bays and inlets

and mud flats in the intertidal zone. The remainder of the
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south shore of Hudson Strait is predominantly a cliff coast,
with heights up to 600 m in some areas (Photo 21). This rela-

tively straight coast is broken by lowland rocky sections,

o va < \ p
.n f@ = 5
BRE

- s J......%/?n

Photo 21. South coast of Hudson Strait, view

towards Cape Wolstenholme. Coastal

relief is 300-500 m and this section

of the Strait is indented by numer-

ous steep-sided fjords. Photograph

taken in late July (from Dunbar and

Greenaway, 1956).
small deltas and by steep-sided fjords. The north shore of
Hudson Strait is a high rocky coast with many islands, bays
and fjords. Frobisher Bay and Cumberland Sound, separated by
the Hall Peninsula that rises to 1160 m, are large glacially-
scoured re-entrants whose coasts are indented by subsidiary
fjords and bays. Cliffs in this part of southeast Baffin rise

to 1000 m locally. Not all sections have such high coastal

relief and many sections are a complicated system of islands



and channels (Photo 22). Many sheltered lowland areas have
shorelines of deltaic or barrier beach deposits. The upper
sections of the fjords have wide intertidal mud or sand flats,
that are often strewn with boulders. Although these local

sediment deposits are common, the basic shoreline character of

Photo 22. South shore of Cumberland Sound,
N.W.T., near Nettilling Fjord in
early July; a low, rocky coast
with many islands and channels
(from Dunbar and Greenaway, 1956).

most of this environment is either steep cliffs, with a narrow
pebble-cobble beach at their base, or wide rock platforms and
shallow nearshore areas dotted with rocky islands and reefs.
Not all the cliffs fall directly into the sea, frequently the
lower face of the cliff is buried by large accumulations of
talus (g.v.). Cliff erosion results primarily from frost ac-
tion (as the rocks freeze and thaw), rather than by direct

marine erosion.



4.2 HUDSON BAY - JAMES BAY

The coasts that border the large inland sea of Hudson Bay
are primarily low rocky shorelines. The low coastal zone of
the James Bay area is a region of muskeg. Hudson Bay is a large
horseshoe-shaped basin in the low centre of the Canadian Shield,
that has been flooded by the sea through the channels in the
north. The rocks are primarily old, resistant sedimentary and
metasedimentary oﬁtcrops, but younger less resistant sedimentary
rocks have been deposited in the central part of the basin.
These latter are exposed in southern Southampton Island and in
southwest Hudson Bay (Fig. 7, page 27). Relief is generally
very low (<60 m) but in the northwest and northeast, coastal re-
lief rises locally to 500 m.

The~ﬁean range of the semi-diurnal tides -varies from 0.3 m
at Point Harrison on the northeast coast, to 2.1 m in James Bay,
and 3.8 m at Port Nelson on the southwest coast (C.H.S., 1977).
Within Hudson Bay the waters have a predominantly anti-clockwise
circulation. Winds are generally out of the north-northwest
(Fig. 3, page 12) and cyclonic depressions cross the region in
late autumn. Gale force winds (>50 km/hr)-éan be expected for
an average of 6 days during November. Wave heights are general-
ly low and data from.Churchill indicate that from July to Sep-
tember 30% of the wave heights are greater than 1 m, but that
only 8% are greater than 2 m (U.S. Naval Oceanographic Office,

1965). 1Ice begins to form in coastal areas during October in



most of the Bay, and in James Bay during November (Fig. 20b,
page 82). Breakup commences in James Bay in late May and in
Hudson Bay during July, so that most areas are:usually ice-
free by early August (Fig. 6: Churchill, page 26).

The coastal geomorphology of the west coast of Hudson Bay
changes from a hilly, rocky coast in the north to a low,
swampy shoreline with a wide intertidal platform in the south.
North of Chesterfield Inlet the undulating, indented coast has
relief generally less than 30 m. The low shoreline extends off-
shofe as a shallow, wide rock platform with many offshore‘is—
lands (Dunbar and Greenaway, 1956). South of Chesterfield Inlet
(Fig. 18, Unit 2a) relief is much lower and the gently sloping,
often swampy, coastal plain gives way to tidal flats that are up
to 9 km wide (Shilts and Boydell, 1974). These wide flats are
exposed at low tide and in places have a cover of mud or sand
and boulders. South of Churchill the low coast continues to be
swampy, but the wide tidal flats have only a scatteréd sediment
cover. A narrow pebble-cobble beach in the upper intertidal
zone extends only 1 m above normal high-water mark (Beals, 1968).
During summer months the maximum depth to which the beach sedi-
ments thaw is approximately 90 cm (Shilts and Boydell, 1974).
In some areas the nearshore platform is up to 30 km wide. On
the west side of James Bay the relatively straight coast has a
low muskeg backshore and the wide flats have a sand or mud

veneer.



The east shore of James Bay (Fig. 18, Unit 2b) has a low
(<20 m), irregular coast with many islands. Wide sand flats,
backed by marshes and muskeg, are fed with sediment by deltas
such as that of La Grande Riviere. North of James Bay the coast
forms a large arc and the shoreline is fringed by a series of
parallel islands that are outcrops of resistant sedimentary and
volcanic rocks which dip below the Bay towards the west. In
northern areas of this arcuate section, relief increases from
60 m to a maximum of 500 m in the Richmond Gulf, which is a
rocky section of coast with éteep cliffs. The offshore islands,
including the Belcher Islands, are predominantly low and rocky
and have indented shorelines due to the arcuate shape of the
resistant outcrops. ©North of this section the coast becbmes
more irregular with cliffs up to 300 m at Ivugivik Point.

The south shore of Southampton Island is a lowland coast
(<150 . m) with a shallow offshore area that has many reefs.:
Rocky tidal flats, up to 6 km wide, give way in bays to inter-
tidal mud deposits with marshes in the backshore (Dunbar and
Greenaway, 1956).

" The coasts of Hudson Bay are predominantly low and rocky,
with wide, shallow nearshore platforms. The intertidal flats
have a cover of sand or mud in the south but elsewhere are
rocky or are strewn with boulders. Large sections of this
coast have not been explored due to the difficulties of access

from the sea.



:.3 FJORD COASTS

This environment extends from central Baffin Island to the
northeast corner of Ellesmere Island (Fig. 18) and is a mountain
coast indented by steep-sided fjords. Glaciers extend down to
the sea at many localities and are a source of icebergs that are
carried to the south by coastal currents. Except for the north-
ern half of Ellesmere Island, the area is the eastern rim of the
resistant Canadian Shield (Fig. 7, page 27). Northern Ellesmere
Island is part of the Innuitian Mountain system that trends
southwest-northeast in this area. Relief is high near the
coastal zone reaching up to 2133 m on Baffin Island,.l828 m on
Bylot Island, 1886 m on east Devon Island, and 2133 m on Elles-
mere Island.

On Baffin Island the mean range of the semi-diurnal and
mixed semi-diurnal tides varies from 1.9 m (2.8 m at spring
tides) at Cape Dyer on the east coast, to 0.9 m (1.4 m at spring
tides) on the northeast coast. Southeast Ellesmere Island has a
high tidal range (2.9 m mean, 4.8 m spring) that decreases to
the north with values of 0.6 m and 1.0 m at the northeast extre-
mity of the island (C.H.S., 1977). Coastal currents, south of
Smith Sound, are from north to south and parallel the coast,
with velocities of 0.3 m/s in Smith Sound and 0.05 toc 0.2 m/s
-off Baffin Island (C.H.S., 1970). Wind directions are predomi-
nantly out of the western quadrant along this coastal environ-

ment, but there is considerable local channeling due to the



topography in the high, steep-sided fjords. The east coast bf
Baffin Island is exposed to a fetch of 500 km, but wave-energy
levels deécrease rapidly in the northern half of this unit as

the coast becomes more sheltered and as the ice-free season be-
comes shorter. Parts of central, northern Baffin Bay remain
open all year but the ice does not clear from the coasts of

east Devon Island and northeast Baffin Island until mid- or late
July. Freeze-up commences in late September and October, so
that this region of north Baffin and east Devon Island is only
open for 2 to 3 months each year (Fig. 5, page 25). The northern
parts of Baffin Bay and Kane Basin may remain completely closed
some yearé and Mackinson Inlet is open for only about 30 days
(Taylor, 1973). Alert, at the northern tip of Ellesmere Island,
is usudlly ice-free for only 10 to 15 days each year (Fig. 6,
page 26).

Throughout this environment the coastal geomorphology is
dominated by high relief, long narrow fjords, and glaciers that
extend down to the sea (c.f. Photo 4, page 29). Many sections
of coast have cliffs up to 1000 m but often the base of the
cliff face is buried by talus deposits, as wave action is insuf-
ficient to remove this material. The fjords are generally
steep-sided and have either a glacier or a delta with mud or
sand intertidal flats at their heads. Where coastél relief is
low, pebble-cobble beaches and boulder platforms are common.

In central east Baffin Island, the area of Home Bay is a low



coastal plain that interrupts this otherwise bold coast. This
Bay is relatively shallow and has many rocky islands and reefs.

The east coast of Devon Island is a high fjord shoreline
with'ﬁany glaciers that calve into Baffin Bay. Coburg Island,
in eastern Jones Sound, has vertical rock or ice cliffs on all
of its coasts.

The eastern coast of Ellesmere Island has many tidewater
glaciers and the entire coast is either high cliffs or calving
glaciers. Inland relief is up to 2000 m. In the Kennedy
Channel-Robeson Channel area the coast is much straighter and
the fjords follow the southwest-northeast structural trends of
the Innuitian Mountains, for example, Lady Franklin Bay; Else-
where the coast of Ellesmere Island is deeply indented by
fjords. Many of the cliffs have a cover of talus over the lower
face and in northern areas (north of 80°) there is often a per-
manent ice foot {(g.v.) that extends from 4 to 10 m above the
water level. 1In the upper fjords some lowlying areas have beach
deposits, and small deltas with intertidal flats are common

where the fjord heads are ice-free {(Taylor, 1973).

4.4 JONES SOUND-LANCASTER SOUND-PRINCE REGENT SOUND

This area of the central eastern archipelago (Fig. 18[ page
75) has high, straight coastlines interrupted by occasional
fjords. Geologically this is a region of sedimentary rocks

(Fig. 7, page 27) that in most areas are relatively unresistant,



horizontally-bedded limestones. This is an old plateau area
with relief in the order of 300-400 m (Bird, 1967). The deep
water bodies that separate the islands were enlarged by giacial
erosion along the valleys of pre-existing rivers (Craig and
Fyles, 1960). As a result, the channels are relatively straight
and steep-sided, and resemble very large drowned fjords. The
area was largely eroded by the ice sheets and there are few
areas of unconsolidated glacial deposits.

Mean tidal ranges vary between 1.3 and 2.2 m, with spring
ranges between 2.1 and 4.0 m; the highest values occurring in
Jones Sound (C.H.S., 1977). Wind data from Resolute (Fig. 3,
page’ 13) indicates that the prevailing winds are out of the
northweét. Collin- (1962) notes that wind values from Resolute
are subject to topographic influences and may not truly reflect
the regional conditions. This is a sheltered wave environment
and high WaQe—energy conditions occur only at the ihfrequent
times when strong onshore winds coincide with open water
(McCann and Taylor, 1975; Taylor, 1975; Taylor and McCann,
1976). The ice begins to break up in eastern areas in late
June and is moved to the east and south, but Barrow Strait,
Wellington Channel, and west Jones Sound are not usually clear
until mid-August. Freeze-up commences in.September and is
usually complete by mid-October, so that the ice-~free season
is only 1 to 2 months. In Jones Sound, fast ice remains in

coastal areas throughout the summer in some years. The delay



in the melting of the ice foot following breakup and its form-
ation prior to freeze-up reduces the length of the open-water
season in all areas (Fig. 6: Resolute, page 26) (Owens and
McCann, 1970; Taylor and McCann, 1976). Taylor (1973) notes
that the coast of northern Somerset has an average of 68 ice-
free days but that Resolute has an average of only 44. In Rad-
stock Bay, on southwest Devon Island, the ice foot remained on
the beach throughout the summer in 1972 (McCann and Taylor,
1975) «

The coasts of this environment are typically high and
straight with predominantly cliffed shorelines. The steep
cliffs, that rise to maximum heights of 600 m, usually have a

talus deposit that protects the lower face (Photo 23). The

ik

Photo 23. East coast of Prince Regent Sound,
Brodeur Peninsula, in late July.
The shoreline is a mixture of cliffs
with large talus slopes and raised
beaches in lowlying areas.



pebble-cobble beaches on this type of coast are usually narrow.
The straight coasts are interrupted by fjords, particularly on
southern Ellesmere and northeast and southern Devon Islands.
Lowland sections, such as the Cape Storm area on southern Elles-
mere Island (Blake, 1975), Radstock Bay on southwest Devon Is-
land, and northern Somerset Island (Taylor, 1974) have low
beaches, deltas, spité and barfier islands that are backed by
raised beach sequences (Photos 5 (page 30) and 23). The fjords
usually have small bay-head deltas and tidal flats where glac-
iers do not extend £o tﬁe water ievel. Although the bedrock is
relatively unresistant, rates of erosion and littoral sediment
transport are very iow due to the inability of waves to fedis—
tribute the sediménts during the very short periods of open wa-
ter. Cliff erosion is related primarily to frost action on the
cliff faces, and frequently large rock falls are removed by ice
rafting during breakup rather than by wave—relatedvpfocesses

(Photo 24).

4.5 WEST ELLESMERE AND AXEL HEIBERG ISLAMDS

This fjord coast has lower relief, less resistant rocks
and a much lower wave-energy environment than the coasts of
Baffin Bay and Davis Strait (Region 3, page 88). This area is
part of the Innuitian Mountains, a system of folded sedimentary
rocks that trend northeast-southwest in Ellesmere and approxi-

mately north-south in Axel Heiberg Island (Fig. 7, page 27).
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Photo 24. North coast, Griffith Island,
Barrow Strait, in July. During
the preceding winter months a
large rock fall from the cliff
face (approx. 200 m high) was
deposited on the beach and the
adjacent nearshore ice. The
material on the ice would be
removed by the ice during
breakup. Note that to the
east (left) of the rock fall
the lower cliff face is buried
by an older talus accumulation.

Relief is up to 2000 m inland, but is generally less than 500 m

near the coasts.

Mean and spring tide ranges are everywhere less than 0.2 m




and 0.5 m respectively (C.H.S., 1977). During the summer mdnths
winds are predominantly out of the northwest and these help to
clear theﬂé;oken pack ice through the channels towards more open
water to the south and east. During a heavy ice year the coasts
of this region may remain ice-locked, even in the most southerly
areas adjacent to Norwegian Bay (Fig. 5, page 25). In a good
year, southern areas can be iée—free by mid-August and'm5y re-
main clear until early September. In the northern sections, the
sea is very rarely open (Fig. 6: Eureka, page 26) and if the ice
does break up there is rarely less than a 5/8 ice cover. During
the period 1946-1950 the ice in Sverdrup Channel did not move
for 5 consecutive summers (C.H.S., 1970). As a result of the
short, or non-existent, ice-free season and the presencé of fast
ice on the beacheé, the northefn pérﬁs 6f this environmént are
at £he low end of the wa§efener§y'speétrum. In less shéltéred
areas, waves één act.in the littorai zone for up‘to 40 days-in
a'liéht ice year. | ‘ | |
The.coasts of this environment afe a mixture of lowland

coasfal plains.of steep‘cliffé and fjords. The fjordé are par-
ticularly well-developed oh Ellesmere qnd on west and southeast
Axel Heiberg Island (Photo 4, pagé 29) . ‘To a large extent, the
orientation of the fjords is structurally controlled; this is
particularly evident in southeast Axel Heiberg Island. Due to
the less resistant bedrockvof this érea the relief is lower and

the fjords tend to be longer than those of the Shield coasts
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(Taylor, 1973). The valley walls of Otto Fjord in northwest

" Ellesmere Island rise up to 900 m from the water level
(Thorsteinsson, 1974), but in general, elevations are much low-
er. Cliff sections of coast are infrequent and in many areas
contrast to the adjacent lowlaﬁd regions, for example, the

300 m-high Svartevaeg Cliff on northern Axel Heiberg Island.

The east coast of Axel Heiberg is generally low and has few
fjords; this is a section of low coastal plains with deltas,
pebble-cobble beaches and mud flats. The south and west coasts,
however, have fjords and cliffs in a more upland topography

(Dunbar and Greenaway, 1956).

4.6 ICE SHELF

This coastal environment, which is relatively short in
length, is uhique to polar regions; The ice shelf is up to
100 m thick in places and has a rolling surface topography,
similaf to a ridge and valley system (Taylor, 1973). The shelf
is almost continuous along the coast and is up to 16 km wide in
‘the Disraeli Bay area (Dunbar and Greenaway, 1956). The ice is
éovered with glacial debris in many areas. The ice front calves
periodically and in 1961, approximately 50% of the Ward Hunt Ice
Shelf broke away (Taylor, 1973). Tides in this environment are
less than 0.5 m and normal coastal processes are virtually ab-
sent due to the presence of the polar pack ice that rarely

leaves this coast open (Fig. 5, page 25).



4.7 COASTAL PLAIN

This environment is a lowlying plain with shallow near-
shore zones and relief generally less than 150 m. Towards the
east relief increases to maximum elevations of 300 m in some
areas. Geologically this is a region of unresistant sediment-
ary rocks and unconsolidated deposits of sand and gravel (Fig.
7, page 27).

The tides of this environment are less than 1.0 m and the
coasts north of Banks Island have a semi-permanent ice cover.
During a light.ice year the channels rarely have less than a
5/8 ice cover (Fig; 5, page 25). Western Banks Island clears
during‘periods of "southeasterly winds in summer and the polar
pack iceAmay‘ﬁove as much as 80 km offshore as broken ice
drifts to the sQuthWéstif The'Opén—water season, if it occurs,
it usualiy in-Auguét drnéentember (Fig; 5). Elsewhere the
coasts_reméin locked—in mbst-years and littoral processes are
at a minimum (Fig. 6: Isachsen and Mould Bay, page 26).

Ellef and Amund Ringnes Islands have low coasts with many
bays and deltas. Beaches of‘pebble-cobble sediments give way
to a very shallow nearshore zone. Northern Ellef Ringnes Island
is very low and has extensive mud flats and swamps in the Cape
Isachsen area. Borden, Mackenzie King and Brock Islands are
very low in western areas, with wide shoals and mud flats, but
relief increases slightly to the east. Prince Patrick Island

has a similar coastline, with hills and bays on the east coast
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and low shoals with many islands on the Arctic Ocean coast.
Western Banks Island has a coast of deltas and swamps (Photo
25) with many barrier beaches that enclose the lagoons (Dunbar
and Greenaway, 1956). 1In this section of coast, which has
open water most years, littoral processes have been able to

rework sediments to form continuous beaches, (Stevens, 1976),

Photo 25. Coast of southwest Banks Island at
the mouth of the Big River in Aug-
ust. Note the many lakes in the
backshore and the braided river
channels that have been unmodified
by wave action at the shoreline.
Some reworking of the littoral
sediments is evident from the pre-
sence of barriers and spits in the
nearshore area (from Dunbar and
Greenaway, 1956).



for example, Cape Kellet in the southwest corner of Banks Is-
land (Photo 26). Elsewhere in this environment, fluvial pro-
cesses tend to dominate due to the lack of wave energy and to
the inability of waves to redistribute the sediments supplied
to the littoral zone.

The Coastal Plain environment is primarily one of lowland
plains, deltas, braided streams and mud flats, with barrier
beaches developed in the more open southwestern sections. Ice
action plays an important role in redistributing sediments.
Ice push can form gravel ridges on the shallow shoals, can form
ridges up to 10 m high in the shore zone, and, due to the low

relief, can push inland up to 1 km (Taylor, 1973).

Photo 26. Cape Kellet, southwest Banks Island
in August. This coast has well-
developed barrier beaches and spits
(of pebble-cobble sediments) and is
an area of relatively high wave ac-
tivity due to open-water conditions
for up to 2 months each year (from
Dunbar and Greenaway, 1956).
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4.8 RIA COASTS

This environment is the southwest portion of the Innuitian
foldbmouhtains (Fig. 7, page 27). Unlike more northerly sec-
tions of this geologic region, relief is low (<700 m) and the
relatively unresistant sedimentary rocks have been eroded to
give many areas a very irregular and indented coastline. Dif-
ferential erosion of alternating resistant and unresistant out-
crops by fluvial and glacial processes, along the predominantly
east to west trending fold axes, gives this environment its
characteristic ridge and valley topography, that is expressed

in the coast as a typical ria (g.v.) shoreline (Photo 27).

L

Photo 27. Bracebridge Inlet on the west
coast of Bathurst Island in
early August. A typical exam-
ple of a ria coastline (from
Dunbar and Greenaway, 1956).
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Tidai range varies from 1 to 2 m and southeastern'sections
are exposed to wave activity during a 1 or 2 month period in
most years. Taylor (1973) notes that Hooker Bay, in southwest
Bathurst Island,'is open for an average of 25 days each Year,
with a variation between 14 and 46 days. In northern sections,
the open-water season is much less as the ice does not clear so
rapidly from these more sheltered areas (Fig. 5, page 25).
Southern sections are cleared following breakup by north-northwest
winds that move the pack ice towards Lancaster Sound.

The primary characteristics of the coasts are provided by
resistant rock outcrops that form peninsulas and off—lying islands
and by less resistant rocks that have been eroded to form. large
embayments. This alternating ridge and valley system, referred
to generally as a ria coastline, trends predominantly east-west,
following the fold axes of the Innuitian system. In sections
where the folds are less prominent the coastline is more regular
. (Taylor, 1973), and the east coast of Bathurst Island follows a
major fault line (Bird, 1967). As this is primarily a lowland
environment there are few cliffed sections, except in southwest
Melville Island where steep cliffs up to 300 m in height occur.
Elsewhere the indented ria coast has many sand or pebble-cobble
beaches or deltas, with raised beaches in the backshore and with
nearshore shoal areas. In .particular, McLaren (1974) and Taylor
(1976) note that the east coast of Melville Island is predomi-

nantly one of deltas, sand beaches and mud flats.
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4.9 SOUTHERN ARCHIPELAGO-MAINLAND

Although this environment is diverse geologically, relief
is generally low (<500 m) and many areas have a surface cover
of unconsolidated sands and gravels that were deposited by the
retreating ice sheets. The mainland coast is predominantly the
margin of the Canadian Shield, except to the west of Coronation
Gulf. The resistant crystalline Shield rocks protrude into the
southern archipelago in three areas; west-central Victoria Is-
land, the Boothia Peninsula and the Melville Peninsula (Fig. 7,
page 27). The remaining sections have less resistant rocks,
predominantly limestones, that were deposited in structural de-
pressions on the ancient Shield surface. Elevations are gener-
ally less than 500 m, with local upland areas where the Shield
protrudes into the islands. This is an environment of undulat-
ing uplands, plateaux and lowlands, with only local dissected
sections. For example, in the Bathurst Inlet and Coronation
"Gulf areas, folded rocks have been eroded along north-south and
east-west strﬁctural trends respectively to give a series of
inlets, peninsulas and islands. The entire area has an almost
continuous, often thick cover of unconsolidated sediménts that
were primarily deposited by the retreating ice sheeté.

Tides are less than 1 m in all areas except for Foxe
Basin. In the latter the mean range decreases from 5 m in the
southeast to less than 0.6 m at Hall Beach in the northeast.

Currents are generally weak everywhere, but in Fury and Hecla
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Straits the west to east currents can reach velocities of 1 m/s.
This is a very sheltered wave environment and the ice-free sea-
son is usually two months or less. Breakup begins in late July
or August and most areas are ice-free during August (Fig. 6:
Hall Beach, Cambridge Bay and Sachs Harbour, page 26), with
freeze-up commencing in October. Local ice conditions vary con-
siderably'in response to wind directions. Ice can become trap- |
ped along the coasts in large bays or inlets, for example, Com-
mittee Bay,hand will only be removed with a period of offshore
winds, so that sbme'areas may not be ice-free during certain
years (Fig. 5, page 25).

The coastal geomorphology of this environment is predomi-
nantly that of rocky shorelines or low beaches with sand, pebble-
cobble or boulder sediments, and raised beaches in the backshore.
These lowland sections are interrupted by sections of cliffs up
to 10 m in height, but high cliff coasts are rare (Bird, 1967).
The exceptions are in éofonafion Gulf, Bathurst Inlet, parts of
north Victoria Island (these 3 sections are indicated as "cuesta
coasts" in Fig.‘Zl) as well as southeast and west Boothia Penin-
sula, parts of north and soufh Banké Island and thé north ahd
east coasts of Prince of Wales Island, where cliffs may reach
200 or 300 m. These cliffs.are usually fronted by a narrow
beach of coarse sediments at their base. The west coast of
Boothia Peninsula is indented by some fjords. These high cliff

coasts, however, probably account for less than 10% of the
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Figure 21. Classification of the coasts of
the southeast Arctic (from
Bird, 1967).
coastline of this region. The lowland coasts frequently have
very shallow nearshore areas that are dotted with reefs and
islands (Photo 28), for example, in Queen Maud Gulf. In south-
east Foxe Basin the Great Plain of Koukdjuak has extensive

boulder—-strewn mud flats in an area where the tidal range is in

the order of 5 m.

4.10 TUKTOYAKTUK PENINSULA~LIVERPOOIL BAY
This section of the Arctic Ocean coastal plain (Figs. 7 and
18, pages 27 and 75) 1is an area of rapid shoreline retreat. The

unconsolidated surficial sediments have very low relief and the
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Photo 28. Shepherd Bay, southeast Queen
Maud Gulf in early August. An
irregular, complex coastline
in a very low wave-energy en-
vironment (from Dunbar and
Greenaway, 1956).

backshore areas are characterized by numerous shallow lakes.
The Tuktoyaktuk Peninsula is possibly a large moraine deposited
at the terminus of the Pleistocene ice sheet (Prest, in
Douglas, 1970) and a rise of sea level following the retreat of
the ice has led to inundation of the lowlying area now occupied
by Liverpool Bay and the Eskimo Lakes.

Tides in this environment are less than 1 m, though occa-
sional storm-generated surges can raise the water level to
greater than 2 m above the normal high-water mark. This is a

sheltered wave environment and the open-water fetches vary from
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less than 50 km to over 200 km, depending on the location of

the polar pack ice (Fig. 5, page 25). The inner areas of Liver-
pool Bay are an extremely low-energy wave environment. The ex-

posed coast 1is usually ice-free from July to the end of Septem-

ber (Fig. 6: Tuktoyaktuk, page 26), but in a heavy ice year may

be open only during September.

The coastal geomorphology of the exposed shorelines of the
Tuktoyaktuk Peninsula is primarily characterized by a very ir-
regular shoreline that results from erosion of the lowlying lake
topdgraphy. In some areas these breached lakes are enclosed by
barrier beaches and spits. Occasional low unconsolidated cliffs
(up to 10 m high), and beach deposits are undergoing.rapid
coastal retreat, a maximum of 15 m per year (Rampton and Bouchard,
1975). Rates of retreat are very variable, as low as 1 m per
year in.some areas, but near Flagpole Point at Tuktoyaktuk, which
has an average retreat of 3.8 m per year, as much as 14.6 m of
erosion was reported following a major storm in September 1970
_(Rampton and Bouchard, 1975). To the west of Tuktoyaktuk the
beaches are composed of sand and pebble-size materials. To the
east they become primarily sand and the beaches are backed by
extensive dune deposits (Lewis and Forbes, 1974). The sand
transport direction of littoral sediments on this coast is from
southwest to northeast. In the northern part of the peninsula,

which has an extremely intricate shoreline, the supply of lit-
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toral sediments is less and fewer barriers have developed
across the breached lakes. This section has mud flats exposed
at low tide and the offshore areas are shoal up to 15 km from
the coast. The coasts of Liverpool Bay are predominantly low
cliffs, 5 to 20 m in height, fronted by narrow beaches, with
deltas, estuaries and embayments on the eastern shore (Logan
et al., 1976). In the southwest of Liverpool Bay, the Eskimo
Lakes are a brackish environment with a very complex coast,

little wave activity and higher backshore relief.

4.11 MACKENZIE DELTA
This delta system is the largest in Canada and covers an

area of approximately 13,000 sg. km (Photo 29) (Mackay, 1963).

Photo 29. The western channels at the mouth
of the Mackenzie delta (in mid-
August) (from Dunbar and Greenaway,
1956) .
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The river exits through a series of channels into the Beaufort
Sea on the western margins of the delta. The period of maximum
runoff is early summer, but the river discharges throughout the
year. Elevations are extremely low in all of the coastal areas
of the modern delta and the main channels are leveed to a height
of 3 m in some areas. Although tides are less than 0.5 m on the
coast, storm surges can raise the water level up to 3 m and un-
der these conditions the extensive marshes of the lower delta
become inundated by sea water. The eastern, or old, delta area
includes Richards Island and is an area of generally low re-
lief but offshore, Garry and Hooper Islands attain altitudes of
up to 40 m {(Logan et al., 1976). The coastal margin of the del-

ta is undergoing erosion at the present time.

4.12 YUKON COAST

This coastal environment is a lowland area of unconsolidated
sediments. Relief is generally less than 50 m and the coastal
cliffs that characterize this region are rapidly retreating.
Tides are less than 1 m, but storm surges up to 3 m have been re-
ported, for example, in 1970 (Forbes, 1975). The coast is ice-
free for between 1 and 3 months each year, depending primarily
on wind direction during July, August and September. The polar
pack ice rarely moves more than 200 km offshore (Fig. 5, page
25), so that fetch distances are limited. Freeze-up is usually

completed by early October.
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The shoreline is predominantly low, eroding cliffs, but
relatively large deltas occur at the mouths of the Malcolm,
Firth, Babbage and Blow Rivers. Longéhore sediment transport
of the eroded sediments has led to the growth of large spits
at Nunoluk Spit, Avadlek Spit (on southwest Herschel Island)
and Kay Point. The predominant direction of sediment transport
is to the southeast, but local reversals occur near the U.S.
border and at Kay Point {(MacDonald and Lewis, 1973). The bar-
rier beaches are generally low, with berm crests rarely greater
than 2 m above high-water mark and the frost table (q.v.) thaws
to maximum depths of approximately 1 m (MacDonald and Lewis,
1973).

West of and including Herschel Island, cliffs are in the
order of 5 to 50 m, with erosion rates up to 2;5 m/year. Some
cliffs have a 10 to 20-m wide beach at their base. Southeast.
of Herschel Island.cliff heights are generally 5 to 20 m, but
increase. in some areas to 100 m. In this section erosion rates
range between 1.5 and 5 m/year (MacDonald and Lewis, 1973).
Despite the low levels of wave activity and thé short open-water
seasons, the erosion rates are rapid, aé the coastal exposures
of unconsolidated sediments are bound together by permafrost.
The ice content is often high,‘as much as 90% (Photo 30) and
erosion occurs by thermal meltiﬁg of the exposed ice that leads

to slumping of the cliff face. Waves acting at the base of the
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cliff can cause rapid ice melting and this can lead to under-
cutting of a thermal niche, which can cause large blocks of

the cliff to collapse (Photo 31).

Photo 30. Tundra cliff near Peard Bay, Alaska
(August). This cliff is similar to
those found on the Yukon Coast. 1In
this example a thick lens of ice has
been exposed by a slump. This ice
is being melted rapidly and this re-
sults in the overlying unconsolidated
deposits breaking off and falling
onto the beach.



Photo 31.
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Erosion of a thermal niche in

a tundra cliff near Cape Simp-
son, Alaska. Waves have melted
the ice and eroded the cliff at
the base during a period of
strong onshore winds (photo by
J.M. Coleman) .






PART 5 - COASTAL ENVIRONMENTS OF THE ATLANTIC COAST

The coasts that border the western North Atlantic have
been divided into 7 environments (Fig. 22, Table 9). The ex-
posed outer coéété.gf Labrador, Newfoundland and Nova Scotia
are primarily ro¢ky énd_¢ontrast with the sections of deposi-
tional shorelines in the more sheltered Gulf of St. Lawrence
and Bay of Fundy:, iée,ﬁlays an important role in all but the
most southerly areas of this;énvironment.

Primary information sources for this region are Dubois
(1973), the Canadian Hydrographic Service Sailing Directions
(1973, 1974a, b,'c); Owens (1974), and Owens and Bowen (in

press).

5.1 LABRADOR AND OUTER NEWFOUNDLAND

The resistant'rocks'of this coast were eroded by glaciers
and subsequently drowned tolprdduée an irregular, barren shore-
line. Superimposed on this rugged physical background, thé
presence of ice for up to 7 months each year, high wave-energy
levels in wintef-and fall, and summer fogs combine to give this
coastal environment its chafactef.' Geqlégically this area
covers 2 distinét units. The Labrador unit represents the
eastern rim of the resistant :Canadian ‘Shield, that in northern
areas attains an-altiﬁﬁdéldf'ide m within 15 to 30 km of the
coast in the Torngat Mountains. This section was deeply

scoured by Pleistocene glaciers to produce an -indented, fjord
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Figure 22. Coastal environments of the

Atlantic coast (see Table 9).
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Newfoundland

TABLE 9.

Characteristics of Atlantic Coastal Environments

Western New-
foundland and
Northern Gulf

of St. Lawrence

St. Lawrence
Estuary

Southern
Gulf of St.
Lawrence

v

Atlantic
Nova Scotia

Bay of
Fundy

Sable Island

GEOLOGICAL COASTAL ZONE FETCH AND MEAN TIDAL SEDIMENT

CHARACTER BACKSHORE RELIEF BEACIH CHARACTER WAVE EXPOSURE RANGE AVAILABILITY

Shield rocks in Resistant upland Generally absent; Very exposed 1l -8m Very scarce.

Labrador; volcan- area (200-1500 m some narrow peb- storm wave en-

-ic and sediment- near the coast); ble/cobble vironment: bays

ary rocks trend- fjords. beaches in shel- sheltered. Ice

ing southwest- tered areas. free season is

northeast in 6 - 10 months.

Newfoundland.

Shield rocks on Lowland resistant Generally absent; Maximum 700 m, 1 -2 m Very scarce

mainland; sedi- coast; relief sand beaches on enclosed seca, except in

mentary rocks on generally <200 m; northwestern shore energy levels -in- northwest.

Anticosti and fjords in central of the Gulf. crease from north-

northwestern western Newfound- west to southeast.

- Newfoundland. land. 4 - 5 months of ice.

Shield and meta- Resistant uplands Generally absent; Sheltered estuar- 3 -5m Very scarce

morphic rocks in in the west (re- intertidal sand ine environment. in lower es--

the west; sedi- lief up to 1000 m), and mud flats Estuary is ice tuary; rela-

mentary rocks in lowlands (<200 m) backed by marshes free 7 - 8 months. tively abun-

the east. in the east. in middle estuary. dant in mid-
dle estuary.

Predominantly Low, unresistant Great variety, Generally 1 -2m Generally

sedimentary cliffs (3-10 m) ranging from bar- >300 km, en- abundant.

rocks; metased. with cliffs up to rier islands to closed sea. Ice

and igneous 100 m in resist- multiple intertidal free season is

rocks in east- ant upland areas. bars and narrow . 7 - 8 months.

ern and western beaches of reworked

areas: overlain talus deposits.

by thin till

deposits.

Predominantly Low, resistant Generally absent Open ocean coast, 1 - 4m Scarce or

metamorphic and rocky shore zone or pocket beaches; very exposed. very scarce.

igneous outcrops or cliffs (up to occasional barrier Ice only in shel-

overlain by till 10 m) . beaches.. tered bays during

or drumlins. winter months.

Resistant igneous Generally rock Pebble-cobble: Generally S - 15m Abundant in

or unresistant cliffs (5 - wide sand or mud <50 . km, upper bay;

sedimentary rocks 200 m). tidal flats in sheltered. Ice elsewhere

overlain by till the upper bay. only in shelter- very scarce.

or outwash. ed areas in winter.

Unconsolidated Sand dunes. Wide, sandy Open ocean coast, lm Abundant .

sand. beaches. very exposed.

STT
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coast. Relief decreases towards the southeast with elevations
in the order of 200 to 500 m near the coast. Glacial erosion
of the Shield rocks again produced many fjord-valleys, though
these are less common than in the northern half of Labrador.
The second geologic unit, the west and south coasts of New-
fouhdland, is a series of resistant volcanic and deformed sedi-
mentary rocks. These are the most northerly part of the Appa-
lachian mountain system and have been folded along southwest-
northeast trending axes (Geol. Survey Canada,>1967). Eleva-
tions are generally less than 200 m in this section. The is-
land was glaciated by a local icecap that enlarged the pre-
glacial river vélleys which followed the structural trends.
The resistant rocks of Labrador and Newfoundland provided lit-
tle material for erosion by the Pleistocene glaciers, and suf—
ficial_deposits are therefore thin and very scattered.

The mean range of the semi-~diurnal tides decreases from
a maximum of 8.0 m at Williams Harbour, in the extreme north of
Labrador, to 3.0 m at Battle Harbour on the southeast coast of
Labrador (C.H.S., 1977). 1In channels where the tide is con-
stricted this large range produces strong tidal currents, with
maximum velocities of 3.6 m/s reported in some locations (C.H.S.,
1974a). Mean tidal range around the Newfoundland coast varies
between 1 and 2 m.

The prevailing winds in this environment are out of the

western quadrant, with a predominance of southwest winds in the
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summer. Gale-force winds (>50 km/hr) out of the west-southwest
are most frequent in the period between October to April,
reaching a maximum average of 15 days per month in January with
a minimum frequency of 2 to 5 days per mon?h in June and July
(C.H.S., 1974a). In Labrador there is considerable modifica-
tion and channelling of the winds in coastal areas due to local
topography. This is a storm-wave environment( and as these
waves are generated locally, wave-energy levels are highest in
winter months. Wave heights greater than 3 m can be expected
for 30% to 40% of tﬁe time in fall and winter, as compared to
15% in spring and lO%>in summer months (U.S. Naval Oceanogra-
phic Office, 1958). Due to the irreéular nature of this coast-
line, many of the fjords and bays are in relatively sheltered
wave enviroﬁménts; -

Ice plays a major role in limiting‘theieffects of waves
in winter and spring. Ice begihs to form iﬁ bays aiong the
Labrador coast in early November and bytfhe end of December
the coastal waters have an 8/10 to 10/10 icé covers(Fig. 20b,
page 82). On this coast the ice begins to break up in the
south in April and clears northward (Fig. 6: Cape Harrison,
page 26), but in heavy ice years a 5/10 cover is common-even
in July and this section is not ice-free until late August
(Fig. 20a). On the east coast of Newfoundland the ice front
moves towards the southeast during January and an 8/10 to

10/10 cover persists through February and March (Fig. 23).
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This coast is usually ice-free by the end of May (U.S. Naval
Oceanographic Office, 1958). The south coast of Newfoundland
is usually open all winter (Fig. 8, page 34), but ice often
forms in sheltered bays and inlets between January and April.
The coastal geomorphology of this environment is one of
fjords, rocky coasts and few beaches. High relief in northern
Labrador gives a coastline of deep fjords that cut into the
coastal mountéins. The southern half of Labrador has a fjord
coastline with slightly lower relief, and with more islands
and channels along the shore (Photos 6 and 7, pages 37 and 38).
Beaches, usually of pebble-cobble sediments, are generally re-
stricted to sheltered environments. The coast of outer New-
foundland has lower relief but can, nevertheless, be broadly
described as a lowland fjord coast (Dolan et al., 1972). This
part of Newfoundland has a rugged coastline with many islands:
and- bays and has few beaches due to the scarcity of littoral
sediment. This is a high-energy coastal environment, dominated
by storm waves, in.which ice is present on the shorelines énd
nearshore areas for between 4 and 7 months each year. The
south coast of Newfoundland is more sheltered than the east-

facing coasts and is usually ice-free during most winter months.

5.2 WESTERN NEWFOUNDLAND-NORTHERN GULF OF ST. LAWRENCE
This environment has the same geologic characteristics as

outer Labrador and Newfoundland, but borders on a large marginal



- 120 -

sea and i§ sheltered from the high wave-energy environment of
the western North Atlantic. The north shore of the Gulf of st.
Lawrence, from the Strait of Belle Isle to the St. Lawrence
River at Pointe des Monts, is the southern edge of the Lauren-
tian Plateau region of the Canadian Shield. Relief in the
coastal zone is less than 100 m and the coastline is relative-
ly straight but with many small inlets and embayments. Off-
shore, in the northern Gulf, the Mingan Islands and Anticosti
Island are outcrops of resistant limestones that dip towards
the south. This results in high relief on the north coast of
these islands and low relief on the south coasts. The western
coast of Newféundland is relatively straight and follows the
regional southwest to northeast structural trends. The rocks
along the northern half of this part of the Newfoundland coast,
and in the Port-Au-Port Peninsula, are unresistant sedimentary
rocks that have been eroded to a iowland area. The southwest
coast of Newfoundland is an upland section of old, resistant
volcanic and intrusive rocks, with relief up to 800 m adjacent
to the coast.

The tides in this environment are mixed semi-diurnal and
have mean range values between 0.8 and 1.7 m (C.H.S., 1977).
In the northwest sections of this unit, towards the St. Law-
rence estuary, the range increases to values of 2.3 m at Sept
Iles and 2.5 m at Pointe des Monts. Some constriction of the

tides occurs in the Strait of Belle Isle and currents of 1.8 m/s
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on flood and 1.4 m/s on ebb tides have been recorded (C.H.S.,
1973).

Winds ére primarily out of the westefn quadrant throughout
the year, with a shift from southwest in summer to the north-
west in winter. Velocities are higher during winter months as
the low-pressure systems that cross this region along'the Polar
Front are both more frequent and more intense. The west coast
of Newfoundlénd has a maximum fetch of 800 km‘to the southwest,
and is tﬁe most exposed section of this unit. - The north shore
of the Gulf is a sheltered environment during ?eriods when
waves are generated by winds out of the northwest, as is common
in wintef months. Wave heights‘increase in the offshore area
from west to east (Table 10) as would be éxpectéd in this en-
vironmentvwhere virtually all waves are generated in the Gulf
and where winds are predominantly out éf the west.

Ice forms in sheltered environments during November and
December. Usually by mid-December a belt of land-fast ice pro-
tects the entire north shore (Fig. 6: Sept Iles, page 26} and
the northwest coast of Newfoundland (C.H.S., 1973). All of the
coasts of this unit areipfotected by ice during most of Febru-
ary and March (Fig. 24). With offshore (northwest) winds on
‘the nortﬁ shore, the ice is cleared towards the south in early
spring (March). This section is usually ice-free by the end
of May (Fig. 24), but in the Strait of Belle Isle ice can per-

sist into late July. The Gulf does not freeze over completely



TABLE 10. Wave Height Data, Gulf of St. Lawrence, 1967 (in metres)

Median Significant Wave Height Expected
' Significant
Average Wave Height
A. Northern Gulf Summer Winter June-Dec. Once/Year
Sept Iles 0.6 0.8 0.7 4.9
Off West Anticosti Island 0.8 1.2 0.9 7.9
Off East Anticosti Island 0.9 1.6 1.1 6.1
Cape North (South Cabot Strait) 1.2 3.2 1.4 7.6
Cape Whittle (North Strait of 1.1 1.4 1.1 5.8
Belle Isle)
B. Southern Gulf
Northwest Prince Edward Island 0.6 1.1 0.9 5.5
East Prince Edward Island 0.8 1.3 0.9 5.8
North Magdalen Islands 1 1.9 1.4 7.6

Source: from Ploeg, 1971

A A
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4-6 TENTHS ICE COVER
{j OPEN WATER (OPEN PACK ICE)

i-3 TENTHS ICE COVER \Q§§§ 7-9 TENTHS ICE COVER
(VERY OPEN PACK ICE) & (CLOSE_ PACK ICE)

Figure 24. Five-year mean ice distribution,
Gulf of St. Lawrence, on selected
dates (after Matheson, 1967).
and the nature of the ice cover varies considerably from year
to year, depending on wind patterns and temperatures.

The coastal geomorphology throughout the west and north

shores of the Gulf is characterized by a relatively straight
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coast and low rocky shorelines. In the eastern half of the
north shore there are large numbers of bays and inlets with
loQ, rocky islands and reefs in the offshore zone. This east-
ern.section is largely devoid of sediment and the intertidal
zone 1is predominantly rock with the few beaches that occur be-
ing limited in size. The west section of the north shore,
west of Pointe de Natashquan, is rocky but has some extensive
sediment accumulations, for example at Pointe de Natashquan
.itself and at the mouths of the rivers Sainte-Marguerita,
Moise, Mingan and Romaine (Dubois, 1973). The supply of sedi-
ments by these rivers has led to the development of local sand
beaches. In addition, some local erosion of exposed glaciél
deposits provides sediment directly to the littoral zone. 1In
the Mingan Islands and Anticosti Island the southerly dipping
limestones give steep cliffs (up to 100 m on Anticosti) on the
north coasts and low, shelving shorelines with many reefs on
the south coasts (C.H.S., 1973).

The northern half of the west coast of Newfoundland is a
low, irregular rocky shoreline (Photo 32) that gives way south-
ward to an upland coast, with some fijords in the vicinity of
Bonne Bay and the Bay of Islands. Local beach accumulations
ére found where coastal erosion of unconsolidated glacial de-
posits provides sediment to the littoral zone. The coastal
geomorphology of this environment as a whole is characterized
by low, rocky coasts in a relatively sheltered wave-energy en-

vironment.
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Photo 32. West coast of Newfoundland,
Port-Au-Port Peninsula, a
section of resistant rocky
shorelines.
5.3 ST. LAWRENCE ESTUARY
This is a tidal river estuary and has features of fluv-
ial, estuarine and coastal environments. Geologically the
eastern half of the estuary is an upland of resistant Shield
rocks on the north shore, with relief up to 500 m, and resist-
and deformed sedimentary and metamorphic rocks on the south
shore, with relief up to 1000 m. On the north shore of the

estuary the Saguenay River is a large fjord that was eroded

by the Pleistocene ice sheet and is now a subsidiary part of
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fhe estuarine environment. The section to the west of Québec
City is a lowland region of less resistant sedimentary rocks.
In lowland sections the bedrock is mantled by thick deposits
of unconsolidated sediments that provide material to the shore
zone.

The estuary has a long funnel-shape and mean tidal range
increases west from 3.0 m at Pointe-au-Pere, to 4.1 m at Québec
City, and to a maximum of 4.97 m at Saint-Joachim (which has a
spring range of 6.37 m) (C.H.S., 1977). Thereafter, the range
decreases to 1.9 m at Grondines but small water—-elevation
changes (less than 0.2 m) due to the tides are detectable as
farvas Montréal. One characteristic of the tides in fhis estu-
ary'is that the water level rises faster than it falls. For
example,.at Grondines the ebb usually.lasts for 8 hours whereas
the.flood tide runs for as little as 4 hours (Dohler, 1969).

This is a low wave-energy environment due to the very
small fetches within the estuary. 1In addition, wave energy is
dissipated over a large, vertical area in sections where the
tidal range is high. The dominant shoreline procesSes in the
upper estuary are fluvial, and in the middle and lower estuary
are related to the tides. Ice forms in the intertidal zone
during December and usually persists into late April (Fig. 6:
Québec, page 26). The river usually has a 10/10 ice cover but
the ice is mobile rather than forming a solid cover due to the

relatively strong currents.
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The coastal geomorphology of this predominantly estuarine
environment ranges from rocky shorelines to wide intertidal mud
flats backed by marshes. The rocky coasts are predominantly
cut into resistant Shield or metamorphic outcrops so that rates
of erosion and sediment supply are low. In the middle and up-
per estuary, particularly on the south shore, the intertidal
platforms are up to 2 km wide in some locations and are mantled
by muds and sands. There are also accumulations of coarse ma-
teridl (cobbles and boulders) that were deposited by glacial
and drift ice (Dionne, 1968). These intertidal flats are backed
by extensive marsh deposits. One of the major processes acting
on the flats and marshes is related -to the effects of ice ero-
sion ‘and deposition during:winter and spring months. The ice
causes erosional scars and the rafting of intertidal sediments’

and marsh blocks (Dionne, 1972).

5.4 SOUTHERN GULF OF ST. LAWRENCE

The broad lowland area of the.southern Gulf of St Lawrence
is bordered to the northwest and to the east by the upland areas
of the Gaspé Penlnsula and the Cape Breton nghlands respectlve—
lyf ThlS is a sheltered wave env1ronment with low tldal ranges
and‘a relatlve abundance’of llttoral sedlments. Shorellne pro-
cesses are affected by iceifor‘up to 4 anthé,eéch year.

The resistant metamOrphic and sedimentary rocks of the

Gaspé Peninsula trend approximately east-west and are separated
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from the sedimentary lowlands to the south by the large estuary
of the Baie des Chaleurs. In the east, the southern Gulf is
bounded by the igneous and volcanic rocks of the Cape Breton
Highlands that follow the southwest-northeast regional struc-
tural trends of the Appalachién system (Fig. 9, page 36). The
broad lowlands of sedimentary rocks between these two upland
sections have a semi-circular shape with very shallow depths in
the offshore zone. The Magdalen Islands, located in the cen-
tral part of the shallow shelf, are small outcrops of these
lowland rocks. Prince Edward Island was separated from the

, mainland as the result of the drowning of a pre-glacial river
valley system that was enlarged by glaciél erosion. Over most
of this lowland section, extensive deposits of glacial sedi-
menté were deposited by £he ice sheets.

This is a micro-tidal environment with mean rangeé be-
tween 0.5 and 2.0 m. The tides are mixed semi-diurnal, except
in the vicinity of Northumberland Strait where they are predom¥
inantly diurnal (Fig. 25: Shediac). Winds are predominantly
out of the westerly quadrant with high velocities during win-
ter months. The wave environment is dominated by the effects
of locally-generated storm waves associated with the.cydionic
depressions that cross this region. West and nbrth-faéing
coasts are exposed to higher wave-energy levels than east-
facing shorelines, as wave heights increase from west to east

in the southern Gulf (Table 10, page 122). The beaches and
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Figure 25. Typical tidal curves from Shediac. Bay,
T N.B., Halifax, N.S. and Saint John, N.B.

- for a one-month period (in metres) (from
C.H.S., 1977). See also Table 4 (page 17)
and Figure 4 (page 14) for further data
and locations for Halifax and Saint John.
Shediac Bay is adjacent to Charlottetown,
P.E.I. (station 3, Fig. 4) on the main-
land coast of New Brunswick.

nearshore zones are affected by ice ffom mid-December to April
or May éach year (Fig. 6: Cambellton and Summersidé, page 26,
and Fig. 24) and this limits the effectiveness of wave activity
at the time.whéh wave-energy levels wouid otherwise be at a
maximum (Owens, 1976).

The coastal geomorphology of this environment (Fig. 26) is

primarily one of rock cliffs and barrier islands. The upland
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coasts of the Gaspé and Cape Breton Island have resistant cliff
shorelines (with local relief up to 800 m) (Photo 33) and only

occasional pocket beaches of pebble-cobble sediments. The low-

Photo 33. Cliffs west of Percé, Gaspé
Peninsula, P.Q. The cliffs are
approximately 120 m high and the
sediments of the narrow beach at
their base are derived from re-
worked talus deposits (August
1972).

land coastline has been drowned to produce many shallow estu-
aries and embayments. Erosion of the unresistant sedimentary
rocks (Photo 34) and the unconsolidated glacial deposits has
provided material for the development of an extensive system
of sand barrier islands and barrier beaches that now partially
or completely enclose many of these shoreline indentations
(Owens, 1975). The barrier system is particularly well-devel-

oped along the north coast of eastern New Brunswick



Photo 34. Unresistant, low sandstone
cliffs (15-20 m), west coast
of Magdalen Islands, P.Q.
These cliffs are typical of
the lowlands of the southern
Gulf of St. Lawrence (photo
by P. Hague, August 1972).

(Bryant, 1972; Owens, 1974, 1975; Greenwood and Davidson-Arnott,
1975; Davidson-Arnott and Greenwood, 1976; and Munroe, 1977),
northern Prince Edward Island (Photo 35) (McCann, 1972 and Armon,
1975) and on the Magdalen Islands (Owens, 1977a). The coast of
Northumberland Strait is a sheltered environment and has a var-
iety of shoreline types that include low sandstone cliffs, in-
tertidal platforms with sand and mud deposits (Photo 36), and
small, sandy barrier beaches (Owens and Bowen, in press). This
barrier system is the most extensive found in Canada and repre-

sents the major characteristic of this coastal environment.
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Photo 35. Cavendish Beach, north shore of
Prince Edward Island. The wide
sand beaches are backed by ex-

tensive dunes and a tidal lagoon
(August 1972).

Photo 36. Intertidal sand bars on a low,
rocky section of coast in Hills-
borough Bay, south Prince Edward
Island. The sediments are derived
from local erosion and the multiple
linear bars have developed on the
wide, gently-sloping intertidal rock
platforms (mean tidal range is 1.9 m).
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5.5 ATLANTIC NOVA SCOTIA

This environment has a resistant rocky coast that follows
the regional southwest-northeast trends of the Appalachian sys-
tem (Fig. 9, pageA36); The coast is exposed to high wave-ener-
gy levels from the westefn North Atlantic, although it is some-
what sheltered from waves generated by winds out of the western
quadrant. This-is a lowland environmeﬁt with relief less than
100 m, except for the northeast coast of Cape Breton Island
which has an upland cliff shoreline. The rocks are predomi-
nantly resistant metamorphic and igneous outcrops that have
been eroded by the glaciers and subsequently drowned to produce
many local irregulafities with‘large embayments and offshore
islands. AThese resistant rocks provide very little sediment
to the éhore zone. In southeast Cape Breton Island aﬁd northern
ChedabuctO‘Bay less resisﬁant sédimentafy rocks oﬁtcrop and
these ha?e been'eroded to form a deep embayment alqﬁg a major
fault (Fig. 9) (Owens, 1971). This sectioﬁfalso has ‘the only
sizeable-déposits of unconsolidated material gnd is a section
of extensive local beach accumulations.

The tides along this coast range from 0.9 m at Sydhey to
3.7 m at Yarmouth, but are generally less than 2 m (Fig. 25:
Halifax, page 129). Winds are predominantly offshore and out
of the west (Fig. 3, page 12), but this is nevertheless a high-
energy coast. Wave generation is related primarily to winds

associated with low-pressure systems and there is a marked
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increase in wave-energy levels in winter months. OccaSiénal
extra-tropical storms affect this coast, and these are most
prevalent between July and October. Wave heights are slightly
lower than off Newfoundland, but a maximum wave height of 11
to 14 m can be expected once each year (Neu, 1972), and wave
heights greater than 4 m are common throughout winter months
(Neu, 1971) (see also Cape North in Table 10, page 122). 1In
sheltered bays and in the Gulf of Maine wave-energy levels

are much.lower than on the outer coast. Ice plays a relative-
ly minor role in limiting wave activity. Shore ice forms in
sheltered bays and persists for up to 4 months, but the exposed
coasts remain generally ice-free. Some dampening of waves may
occur in the offshore during heavy ice years when pack ice in-
trudes along the coast as it is moved south by the Labrador
current.

The coastal geomorphology of this environment is primarily
irregular, low rocky shorelines (Photo 37). Littoral sediments
are scarce, except in east and southeast Cape Breton Island
with only scattered pocket beaches in sheltered bays and coves
in other areas. A few extensive beaches have developed where
there are local sources of unconsolidated sediments (e.g., Mar-
tinique Beach). There are many lagoons and extensive marshes
in sheltered sections due to the very irregular nature of the

shoreline (Photo 38)1
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Photo 37. Low, resistant rocky coast, Chebucto
Head, Halifax Harbour, N.S. This
shoreline type is typical of much of
the Atlantic coast of Nova Scotia.

Photo 38. River estuary and marshes in a shel-
tered section of the outer Nova
Scotia coast: Musquodoboit Harbour.
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5.6 BAY OF FUNDY

This is a large reentrant in the northeast Gulf of Maine.
The characteristics of this environment are the large tidal
ranges that are everywhere greater than 5 m. The funnel-shape
of the Bay of Fundy results from fluvial and glacial erosion
along southwest-northeast structural trends. The straight
south coast is a resistant volcanic intrusion. In the upper
bay erosion of relatiVely unresistant sedimentary rocks (Fig.
9, page 36) has led to the development of 2 large embayments
(Minas Basin and Chignecto Bay) that are separated by a resist-
ant upland area. The relatively straight north shore is an up-
land coast of resistant crystalline rocks.

Tides and tide-generated processes dominate the littoral
and nearshore zones of this environment. The mean tidal range
increases from 5 m at the entrance of the Bay to greater than
10 m in Chignecto Bay and Minas Basin (Fig. 27, Photo 39). The
tides are semi-diurnal (Fig. 25: Saint John, page 129) and due
to the large volumes of water entering and leaving the bay,
currents up to 1.9 m/s are common in constricted areas, with
maximum velocities of greater than 5 m/s in Minas Passage. Due
to the large tidal range, wave energy is dissipated over a con-
siderable vertical height. The importance of waves generated
in the Atlantic Ocean and Gulf of Maine decreases from west to

east within the Bay. As winds are predominantly out of the
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Photo 39. Five Islands, Nova Scotia at
(a) high, and (b) low tides.
The mean tidal range is 11.6 m
and extensive mud flats are
exposed at low tide.
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Figure 27. Tidal range in the Bay of Fundy.

west, local waves are generated aléng the axis of the Bay.
Wave heights are greater than 3.6 m during summer months and
are greater thaﬁ 4.0 m duringiwinter months for 10% of the
time (Swift et al, 1973). Ice is present on the shoreline in
most areas from January to April, particularly iﬁ sheltered
sectioné) but the éea ice is:§onstantly in motion due to tﬁe
strong ﬁidal-currénts. Shorefast ice develops and is.particu—
larly important in Chignecto Bay and Minas Basin from late
December until mid-April (Knight and Dalrympie, 1976) .

The coastal geomorphology is primarily rocky coasts, with
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cliffs up to 200 m in some areas (Owens, 1977b). The south
shore has wide intertidal platforms that in eastern areas are
covered with coarse sediments. This platform is backed by

cliffs up to 30 m in height (Photo 40). Large beaches with

Photo 40. Southeast coast of the Bay of
Fundy, east of Digby Gut, at
low tide. The wide (c. 150 m)
intertidal rock platform is
mantled by pebble-cobble sedi-
ments and at the high-water
level gives way to resistant
cliffs (May 1976).

mud flats in the lower intertidal zone occur in large embay-

ments at the head of the Bay, where sediment is trapped as it
is transported alongshore (Owens, 1977b). In Minas Basin and
Chignecto Bay the intertidal platforms are up to 5 km wide and

are mantled by extensive mud or sand deposits (Photos 39 and 41)

(Klein, 1970; Dalrymple et al., 1975). The north shore has
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predominantly rocky coasts with few accumulations of littoral

sediments.

Photo 41. Sand waves exposed at low tide on
the wide intertidal flats east of
the Avon River estuary on the south
shore of Minas Basin. These sand
waves are up to 1 m high, are
spaced approximately 5 m apart and
are migrating from left to right in
the lower part of this photograph.
5.7 SABLE ISLAND
Sable Island is a small sand deposit that lies approxi-
mately 200 km southeast of the mainland of Nova Scotia. This
depositional remnant on the outer margin of the continental
shelf is composed entirely of unconsolidated sands. The is-
land, which is orientated west-east, is arcuate in shape

(Photo 9, page 39) and is 37 km long with a maximum width of

1.5 km. The winds in this micro-tidal environment (tidal
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range 1.1 to 1.6 m) have a distinct seasonal variability with
strong northeast winds in winter and lower velocity southwest
winds in summer (Owens and Bowen, in press). The seasonal
change in wind direction and velocity is reflected in the char-
acteristics of the.surface waves of this region. Offshore
wave heights are greater than 2.5 m for 10% during summer months
and 40% during winter months (James and Stanley, 1967) .

| The island is characterized by 2 aune ridges that parallel
thé north and south coasts. The dunes have béen destroyed in
the southwest section during historical times (sinée the 1850's)
and the adjacent flat inland areas are regularly inundated dur-
ing storms. James and Stanley (1968) suggest that there is a
cyclical mévement of seaiment in the littoral and nearshore
zones around the island and'thatithe beaches undergo erosion in
winter months and subsequent shoreward £ransport of material
during thé éummér.r Cameron (1965) determined that the west end
of the island has eroded 14.5 km in the last 200 years, while
the east end has accreted 17.7 km. It appears, therefore, that
the island is not being reduced in size at the present, but
réther is migrating slowly eastward on thé shallow shelf (James
and Stanley, 1967). The highér overall levels of wave energy
on the north shore give that coast a beach that is both narrower

and steeper than that on the scuth—facing coast (Photo 42).



- 143 =

Photo 42. View to the south across an
eastern section of Sable Is-
land. A large overwash
channel has cut through the
dunes on the north shore
(indicated by the arrow).






" PART 6 - COASTAL ENVIRONMENTS OF THE GREAT LAKES

The Canadian shorelines of this series of large lakes have
been subdivided intQ,9Acoastal environments (Fig. 28, Table 11)
‘on the basis of‘geoiogy and shoreline types. The coastal pro-
cesses are relatiVély uniform throughout the lakes system, which
is_g sheltered, non-tidal environment.

Coastal stﬁdies by Rukavina, St. Jacques and Coakley (see
_references), provided a‘great deal of the informafion used for
the_discgssion of the lower Great Lakes. Little work has been
carried out in the remainder of'the region. The Great Lakes
.Sailing Directions (C;H.S., 1976) and B.A.M. Phillips (Lakehead
.Univérsity,;pérs; comﬁ;) were priméry>information“sources for

the upper Great Lakes.

6.1 SOUTﬁERN ONTARIO

This large section of coast; which includés all of Lake
.Erie and most of the Lake Ontario shoreline, is considered a
single environment as the coéstal geombrpholégy is felatively
constant between the two systéhs. The bedrock of this flat
‘lowland érea is mantled by extensive glacial depésits of sand
’and clay. The major relief feature is the NiagaralEscarpﬁent
that extends west-east between thé two lakes (Fig. 13, page
‘45). The relativély res}stant'limestones associéted with ‘this
escarpﬁent form a narrow upland belt that dams the waters ‘of

Lake Erie and parallels the south shore of Lake Ontario.
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TABLE 11.

Characteristics of Great Lakes Coastal Environments

GEOLOGICAL COASTAL ZONE FETCH AND SEDIMENT
CHARACTER BACKSHORE RELIEF BEACH 'CHARACTER WAVE EXPOSURE AVAILABILITY
1. Southern Sedimentary rocks Eroding cliffs Mixed sand/pebble Maximum 400 km Abundant
Ontario overlain by ex- 5-20 m in general: at base of the east-exposed,
tensive unconsoli- ~ maximum 110 m. cliffs: 5 large west-sheltered.
dated sand and/or sandy depositional Lake ice for
clay deposits. features. 3 - 4 months.
2. Prince Edward Relatively resist- Cliffs generally 5 sandy bayhead South and west Abundant in west;
County ant limestones - 5-10 m: maximum barriers in west, exposed up to elsewhere very
: thin cover of " 30 m. with dunes: 400 km, east scarce.
glacial deposits, elsewhere narrow very sheltered.
topography trends or sand/pebble. Lake ice for
SW/NE. - 3 - 4 months.
3. The Predominantly Usually low. Absent or pebble- <50 km, very Very scarce {except
"Linkages" resistant rocks. cobble riverine sheltered, domi- for St. Clair delta}.
: beaches. nantly a fluvial
environment. 1
’._J
4. Southeast Sedimentary rocks Eroding cliffs, Beaches of sand Maximum 300 km Abundant. Lo
Lake Huron overlain by uncon- wusually low: to boulder range (to northwest). ~
solidated sand and/ 5-30 m, near cliffs; pre- Moderate wave |
or clay deposits. dominantly sand energy levels.
in the south. Ice 3~-4 months.
5. Northeast . Resistant dolo- Low relief, many Absent or pocket Exposed to south Very scarce.
Lake Huron mite: dips below islands and reefs. beaches of pebble/ and west, moder-
lake at a low cobble. ate wave energy
angle. levels.
6. East Bruce Resistant dolo- High relief: Absent or pocket Sheltered. Scarce
Peninsula mite escarpment. cliffs up to beaches.
100 m.
7. Nottawasaga Sedimentary rocks Usually low Sandy bay-head Exposed to Locally abundant.
Bay overlain by uncon- relief. barrier. northwest: other-
solidated sand wise sheltered.
and/or clay de-
posits.
8. 30,000 Resistant Shield Low or upland Absent or narrow, <150 km, very Very scarce.
Islands - rocks on mainland, coast - cliffs pocket beaches. sheltered. Lake
North Channel resistant dolomite wup to 50 m. ice 3-5 months.
and limestones on
Manitoulin Island.
9. North Shore Resistant Shield High relief, Absent or narrow, Up to 500 km, Very scarce.
Lake Superior rocks. cliffs up to pocket beaches. exposed. Lake

300 m.

ice 3-4 months.
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Elsewhere relief is low and the shoreline trends result from
the formation of two large northeast-southwest orientated,
elongate basins that were scoured by the Pleistocene ice sheets.
Lake Erie is very shallow, average depth 20 m, with maximum
depths 0of 64 m in the northeastern section of the lake (Fig. 10,
page 4l).‘ Lake Ontario is more trough~shaped, with the deepest
portidn (maximum 244 m) lying on an axis parallei to the south
shore (Hough, 1968), and haé a narrower nearshore -zone than
Lake Erie (Rukavina, 1976, Fig. 1).

Winds afe primarily out of the west, along the axis of the
lakes, so that maximum fetch distances (up to 400 km) coincide
with the prevailing and dominant winds. Wave-energy levels in-
crease from west to east in both lakes. Significaht wave heights
are greater in winter months and throughout the ice-free period
wave heights greater than i'm can be expected for 50% df the
time (Table 12). The maximum significant wave heights are in the
order of 9 m for Lake Ontario in March (0.04% probabilityj once
in 7 years), and 8 m for Lake Erie ‘in November (0.15% probabil—
ity; once in 2 years) (Richards and Phillips, 1970). Maximum
wave periods are in tﬁe ofder of 6 to 7 seconds for Lake Ontario
(Brebner and LeMéhauté, 1961). Wave heights are greatest during
the period November to April and at a minimum from June to Aug-
ust. Ice plays an important limiting role on wave action from
mid-December to mid-April (Fig. 6: Cornwall, Hamilton and Windsor,

page 26). Lake Erie freezes over most winters, but Lake Ontario
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TABLE 12. Selected Significant Wave Height Probability

Lake Lake Lake Lake

Ontario Erie Huron Superior

>1m >2m >1m >2m >1m >2m >1lm >2m
January 63% 15% 72% 11% 77% 10% 48% 4%
April 50% 4% 62% 7% 52% 4% 443 4%
July 3% - 3% - 4% - 4% -
October 47% 3% 58% 2% 68% 5% 45% 42

Note: These values are computed for a fetch

length of 170 km, (from Richards and

Phillips, 1970).
which is deeper and has a larger volume of water, and therefore
more stored heat, has frozen over only twice in 100 years. Usu-
ally Lake .Ontario has a maximum ice cover in the order of 15% of
the surface area.

Lake levels for Lake Erie varied over a range of 1.5 m be-

tween 1900 and 1975, with seasonal fluctuations in the order of"

0.5 m (Fig. 11, page 43) (Clemens, 1976). -Lake Ontario levels

varied over a range of 1.95 m with similar seasonal fluctuations.
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For both lakes, low lake levels occur in January—Fébruary and
the seasonal high is in June (Laidly, in Pincus, 1962). Wind
set-up and set-down are important in both lakes, but particu-
larly so in Lake Erie where water-level variations up to 2 m
can occur at either end of the lake (Clemens, 1976) (Fig.'lZ,
page 44). In lowlying sections high lake levels frequently
result in floéding of backshore areas (Boulden, 1975).

The coastlines of this environment are predominantly low,
eroding cliffs of unconsolidated sands and clays. Maximum
cliff heights of 110 m occur in the Scarborough Bluffs, just
east of Toronto Harbour in Lake Ontario, and in places the
rates of erosion reach 3 m/year, although the average is less
than 0.3 m/year for this section (Matyas et al., 1974). 1In
general, cliff heights range from 5 to 50 m,'and erosion rates
vary spatially and temporally depending on exposure to waves,
lake levels, cliff height, and the nature of the cliff material
(Environment Canada and Ontario Min. of Nat. Resources, 1975).
Beaches at the base of the cliffs are absent or are of sand—
pebble material. On the extreme northeast coast oﬁ Lake Erie
bedrock outcrops in the shore zone to give a series of head-
lands, separated by sand beaches, that interrupt the general
straight trend.of this -coast (Rukavina and St. Jacques, 1971).

Cliff erosion-and littoral sediment transport have led to
the development of several large accretional features. Along

the northeast coasts, sediments are transported towards the
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east (Rukavina, 1976). In Lake Ontario (Fig. 29) this has pro-

duced the bay-head beaches of the Prince Edward County area
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Figure 29. Lake Ontario: c¢liffs, sediment transport

directions, and depositional features

(compiled from various sources).
(see below) and in Lake Erie the 40-km long spit of Long Point
(Fig. 30) is prograding at a rate of 7 m/year and has dunes up
to 10 m in height (Wood, 1960; St. Jacques.and Rukavina, 1973).
In western Lake Ontario sediment islmoved to. the southwest from
Scarborough Bluffs, towards thé spit that encloses Toronto Har-
bour. Little material passes the end of this spit system

~ (Coakley, 1970), but at the southwest end of the lake sufficient
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material has accumulated by longshore transport along the north
and south shores for a large barrier to form across Hamiiton
Harbour and enclose an extensive bay area (Fig. 29) (Rukavina,
1969). 1In the sheltered southwest shore of Lake Ontario, mater-
ial fed into the littoral zone from cliff erosion often accumu-
lates locally due to the inability of wave-generated curfents
to transport the sediments alongshore (Rukavina, ;969); In

western Lake Erie sediment is similarly moved towards the south-

west along the north shore and two large forelands have‘developed
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(Rondeau Point and Point Pelee) (Fig. 30). No infofmation is
available for Rondeau but Point Pelee is migrating slowly to
the west and is presently being eroded (Coakley, 1976). The
three large depositional features on the north shore of Lake
Erie have developed on submerged moraines (g.v.) (Rukavina,
1976) . In western Lake Ontario there is a seasonal variation
in the nearshore morphology with elevation changes up to 1 m.
This variaﬁion is related to changing lake levels and to storm
frequency. Erosion in early spring and mid-summer is followed
by recovery in late summer and fall and by a relatively stable
situation in winter months (Rukavina, 1974).

The primary characteristics of the coastal geomorphology
of this unit are a straight shoreline of eroding, unresistant
cliffs, with areas of sediment accumulation that are fed by the

longshore transport of material eroded from the cliffs.

6.2 PRINCE EDWARD COUNTY

This environment in northeast Lake Ontario is an éréa of
local high relief (76 m above lake level) formed by an outcrop
of relatively resistant limestones. Glacial deposits occur in
this environment, but they are less extensive andvgenefally
thinner than in other parts of southern Ontario. Thé‘limestdnés
were eroded along southwest—northeast trending‘axes by the ice
sheets td produce a series of depressions that parallel these

trends.
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The prevailing winds are out of the southwest, parallel to
the long axis of Lake Ontario, so that the southwest-facing
beaches are exposed to maximum wave-energy levels in the lake

.(Table 12, page 149). The northeast section is a sheltered wave
environment and in many parts of this indented coast wave-energy
levels are very low. Ice limits wave activity on the shoreline
from mid-December to mid-April (Fig. 6: Cornwall, page 26).

Seasonal variations in lake levels are in the order of
0.5 m and short-term variations due to wind set-up are particu-
larly important when strong winds parallel the axis of the lake
(c.f., Fig. 12, page 44).

The coastal geomorphology of Prince Edward County is char-
acterized by exposed rock headlands and cliffs, bay-head barrier
beaches and sheltered environments with marshes. Along the south
coast the resistant limestones form cliffs with accumulations of
pebble-cobble material in sheltered sites that is derived from
local erosion. In western sections erosion on this exposed sec-
tion of shoreline has produced wide, flat rock platforms that
extend offshore up to 1 km (Photo 43). Five large bay-head bér—
riers have developed across the southwest-northeast orientated
depressions at Presqu'ile, Wellers Bay, Wellington Bay (West Bay
Bar), Athol Bay (East Bay Bar), and Soup Harbour (Fig. 29, page
151). The sheltered sections created by these barriers have ex-

tensive marshes. The southerly protruding outcrop that forms
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Photo 43. Exposed rock platform near
Wellington Bay, Prince
Edward County, Ontario.

the Prince Edward County area interrupts the west to east long-
shore transport of sediments that are eroded from the bluffs on
the north shore of Lake Ontario. These littoral sediments have
been trapped in reentrants that were formed by glacial erosion
to produce the large sandy barriers (Rukavina, 1970). Dunes
have developed up to 3 m in height on West Lake Bar (St. Jacques
and Rukavina, 1972) and are up to 6 m on the Wellers Bay barri-
er. Each of the five barriers is a separate feature and is
bounded by rocky headlands. In contrast to the sandy barriers
in the northwest of this environment (Photo 44), pebble-cobble
beaches predominate to the east of Athol Bay (St. Jacques and

Ruakvina, 1972). The north and east coasts of Prince Edward
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Photo 44. Low, sand barrier beach, West
Bay Bar, near Wellington,
Prince Edward County, Ontario
(May 1969).

County are a series of large bays and channels that include
the long, narrow, winding Bay of Quinte. This is a very shel-
tered, low wave-energy environment that has many rocky shores

with marshes in the bays and coves.

6.3 THE "LINKAGES"

This environment is composed of the St. Lawrence River,
the Niagara River and Welland Canal, the St. Clair River-Lake
St. Clair-Detroit River section, and the Sault St. Marie area.
Each of these components is a link within the Great Lakes sys-
tem, but as these are fluvial environments (with the exception
of Lake St. Clair) or narrow channels, and not strictly coastal

environments, this unit is discussed only briefly.
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The St. Lawrence River, including Lake St. Francis) Lac
St. Louis and Lac St. Pierre, extends 500 km from the ﬁortheast
corner of Lake Ontario to Ile d'Orléans at the head of thé St.
Lawrence Estuary. In the southwest, an extension of the resist-
ant granite Shield rocks (the Frontenac Axis) (Fig. 13, page 45)
dams the waters of Lake Ontario and is a section of many islands
and bays (the Thousand Island region) that has many gradient
changes. Between Lake Ontario and Montréal the river level
drops 69 m and has been modified by the construction of the St.
Lawrence Seaway, a 290-km section of locks and canals for navi-
gation. East of Montréal, the river has been deepened by dredg-
ing, but otherwiseAremains unmodified. Between Lac St. Pierre
and Ile d'Orléans, the water is fresh but is subject toltidal
reversals, with a mean tidal range of 1.9 m at Grondines that
increases to 4.1 m at Québec City (C.H.S., 1976 and 1977).

East of Ile d'Orléans, the channel widens and the water becomes
brackish -as the river merges with the estuary of the St. Law-
rence.

Although low amplitude, choppy waves can develop in the
narrow lakes and in the wider parts of the channel, this is a
very low wave-energy environment, dominated by fluvial process-
-es. Ice is present from mid-December to mid—Ap;il (Fig. 6;
Montréal, page 26). The ice on the river moves as a pack,

rather than as a solid cover, and forms on the shorelines as a
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type of ice foot (q.v.). ‘The shorelines are predominantly nar-
row, rocky outcrops 6r pebble-cobble riverine beaches. In ex-
treme Eastern sections, where tides become a factor, intertidal
mud flats are common.

Tﬁe 56-km long Niagara River drains the upper lakes into
Lake Ontario and cuts across the resistant dolomites of the
Niagara Escarpment, that acts as a dam to the waters of Lake
Erie. The river drops a total of 99 m between the two lakes
(Fig. 10, page 41), including a 51 m drop as it crosses the
northern edge of the escarpment (the Niagara Falls). This sec-
tion of the linkage system is a fluvial environment. To the
west of the river, the locks of the 44.4 km Welland Canal pro-
vide shipping access between the two lakes.

Lakes Huron and Erie are joined by the St. Clair River
(63 km, with a 1.7 m fall), Lake St. Clair, and the Detroit
River (51 km). A large delta has formed in the northeast part
of Lake St. Clair where the river enters the lake. This delta
has numerous large distributary channels and contains many is-
"lands and low marshes (Pezzetta, 1973). The maximum fetch dis-
tance in the lake is 42 km, so that this is a very low wave-
energy environment. The east coast of Lake St. Clair, north of
the Thames estuary, is a low, dyked marsh section that is very
susceptible to flooding during periods of high lake levels.

South and west of the Thames, very narrow beaches and low (5 m),
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eroding bluffs predominate. The remaining sections of this
linkage ‘are fluvial environments.

The rapids of the Sault St. Marie between Lake Superior
and Lake Huron have formed where resistant Shield rocks form
a barrier to the waters of Lake Superior (Fig. 13, page_45).
Canals and locks have been constructed to allow navigation be-
tween the two lakes, which have an elevation difference of 7 m.
This is a river-dominated environment with predominantly rocky

shores.

6.4 SOUTHEAST LAKE HURON

Between Sauble in the north and Sarnia in the south, the
southeast coast of Lake Huron is characterized by cliffs of
unconsolidated glacial deposits and sand or sand-pebble beaches.
The cliffs are composed predominantly of sand or clay materials
and rise to maximum heights of 50 m, although in general
heights ére between 5 to 30 m. Erosion of these unresistant
cliffs provides material directly to the littoral zone for re-
working by wave action.

Wave generatidn by the prevailing westerly winds is limit-
ed by a short fetch (120 km) (note: the wave data shown in
Table 12 (page 149) is for a fetch of 170 km). As the coast
is open to longer fetches from the northwest (up to 300 km),
waves generated from this quadrant can attain greater heights,

particularly during ice-free winter months. This causes a net
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movement of sediments to the south in the littorél zone of

this coastal unit (Quigley et al., 1974). Maximum wave heights
occur in winter months and waves in the order of 9.5 m could be
expected approximately once in 4 years (Richards and Phillips,
1970). Ice is present on the lake or on the beaches for up to
4 months each year (January to early April). Superimposed on
long-term variations in lake levels (that are in the order of

2 m, Fig. 11, page 43) are seasonal variations and storm surges
of approximately 1 m or less. These variations can have a
marked'effect on erosion rates, particularly if high lake lev-
els coincide with high-energy storm waves.

The coastline of this low-lying environment is relatively
straight, as littoral processes have erodéd the uhfesistant
cliffs and have deposited the products of this erosion across
river exits and bays. In low-lying sections sandy barriers
with backshore dunes enclose sheltered bays where.marshes have
developed. Adjacent to the eroding cliffs, beaches are narrow
and are frequently composed of a mixture of sand and coarse
sediments (pebbles-cobbles-boulders). Northeast of Clark Point

and southwest of Grand Bend, sand beaches predominate.

6.5 NORTHEAST LAKE HURON
The morphology of the western Bruce Peninsula and southern
Manitoulin Island is primarily controlled by the outcrop of a

band of resistant Niagara dolomite. This outcrop trends north
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through the Bruce Peninsula, then curves towards the west
through Manitoulin Island and then south to form the western
shore of Lake Michigan (Fig. 13, page 45). This resistant
limestone escarpment effectively separates North Channelvand
Georgian Bay from Lake Huron. The outcrop dips south and
west, towards the centre of a basin located between Lakes
Michigan and Huron (Fig. 14, page 46). The rocks of this part
of the Lake Huron coast, therefore, dip towards the central
part of the lake at low angles. Glacial deposits are discon-
tinuous and often thin, and this region has a rugged appear-
ance, with local elevations up to 150 m above lake level.

This coast has fetch distances of 300 km to the south
and 200 km to the southwest and is exposed to the highest wave-
energy levels that can be generated on the lake. Wave heights
of 5.7 m can be expected to occur on the average once each
year (Cole, 1971). 1In general, wave heights do not exceed 3 m,
except for brief periods during winter months (Richards and
Phillips, 1970). Ice limits wave activity during the period
from late December to early April. Lake-level variations up
to 0.5 m occur annually. However, unlike coasts of unconsoli-
dated cliffs, water-level changes are of less importance on
rocky coasts except in sections where there are local beach de-
posits.

The coasts of northeast Lake Huron are characterized by a
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low rocky shore zone, that has many reefs and islands offshore.
This type éf shoreline results from the low slope of the shales,
limestones and dolomites that dip below the lake (Lewis, 1970).
The general curved nature of the coast results from the saucer-
shape of the Michigan Basin (Fig. 13, page 45); Although this
is predominantly a rocky coast, pocket beaches of sand or sand-
cobble sediments are common. These beaches are derived from
the products of local cliff erosion and are more extensive

where there are deposits of glacial sediments on the coast.

6.6 EAST BRUCE PENINSULA

By contrast to the west coast of the peninsula, where the
rocks dip into the lake at a low angle, the east coast is the
resistant edge of the dolomite Niagara escarpment (Fig. 13,
page 45). This rugged, indented rocky coast has cliff heights
between 30 and 70 m, with a maximum of 110. m. South of Cape
Croker the cliffs are eroded into. unconsolidated sediments, pre-
dominantly clays. Although this cliff coast is composed of re-
latively resistant dolomites and unconsolidated sediments, rates
of erosion are low throughout this environment because of the
sheltered nature of this. part of Georgian Bay. Many of the
cliff faces are buried in their lower sections by accumulations
~of talus. Prevailing winds blow offshore and the maximum fetch
lengths are only 75 km (to the northeast) and 115 km (to the

north). Wave-energy levels are considerably lower than on the
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west coast of the Peninsula. A few small pebble-cobble beaches
have developed in embayments; these are predominantly of pebble-

cobble size material.

6.7 NOTTAWASAGA BAY

This small bay at the southern end of Georgian Bay was
eroded between the Niagara eScérpment to the west and the Shield
rocks to the east (Figs. 13 and 14, pages 45 and 46). The head
of the bay is similar to a very large pocket beach and it acts
asba sédiment trap for material eroded from the two adjacent
éhdres‘of the bay. In one section of £his predominantly sand
beéch'coast,-at Wasaga Beach, sediments have accﬁmulated to
form a large (9.5-km long) barrier that is baéked by a wide
dune system (Martini; 1975). The beaches at the head of this
bay face the north~-northwest and are expésed to a maximum
fetch-of 260 kh along the axis of Georgian Bay; This is, how-

ever, a sheltered wave-energy environment.

6.8 THIRTY THOUSAND ISLANDS - NORTH CHANNEL

The mainland coast is the edge of the exposed, resistant
Shield (Fig. 13, page 45) and the rocks are predominantly pink
or gray granites. The south coast of North Channel (Manitoulin
Island) is a resistant outcrop of limestones and dolomites that
are part of the Niagara escarpment system (Fig. 13) but lower
thén on the west Bruce Peninsula. Coastal relief is generally

low and in all sections the shoreline is very irregular, with
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many inlets, islands and reefs. As the resistant rock outcrops
are only occasionally covered by thin patches of unconsolidated
sediments little material is available for shoreline erosion
and the beaches are narrow and of pebble-size (B.A.M. Phillips,
pers. comm.) sediments.

Georgian Bay is largely sheltered from waves generated in
Lake Huron. This coastal environment is one of low or moderate
wave-enerqgy levels. With the irregular nature of the coast,
many sections of the shoreline are in very sheltered environ-
ments. Georgian Bay and North Chénnel freeze over during win-
ter months and ice can be expected on the beach and in shelter-
ed nearshore environments from mid-December to late April.

The coastal geomorphology of this environment is predomi-
nantly low, rocky, irregular shorelines. This rugged character
is interrupted by small beaches, usually of pebble-cobble sedi-
ments, and by sections of upland, rock cliffs that are generally
between 5 and 20 m in height, occasionally reaching 50 m. Where
beaches enclose lagoons, or in sheltered inlets, marshes have
developed (B.A.M. Phillips, pers. comm.). Beaches are limited

in size and extent by the scarcity of littoral sediments.

6.9 NORTH SHORE LAKE SUPERIOR
The Canadian coast of Lake Superior lies entirely within
the zone of resistant Shield rocks (Fig. 13, page 45). Except

for the section near Sault St. Marie, local relief is high,
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particularly in northwestern sections, and coastal cliffs of 50
to 100 m are common. At Thunder Cape, cliff heights are in the
order of 300 m. The resistant Shield rocks have little surfi-
cial material.

Fetch lengths vary between 250 and 500 km and most of the
coast is exposed to relatively high wave-energy conditions.
Maximum wave heights occur in November (Table 12, page 149) .
(Ploeg, 1971), with waves of 9.1 m occurring on the average
once each year . (Cole, 1971) and waves of 11.3 m can be expected
once in four years (Richards and Phillips, 1970). 1Ice is pre-
sent for at least four months each year, beginning to form on
the shoreline and in bays and harbours between late December
and mid-January (Fig. 6: Port Arthur, page 26). The lake may
freeze over briefly some years but usually the central part re-
mains open (Marshall, 1967). The ice decays during April and
the beaches are usually ice-free by May. Annual fluctuations
in lake levels are in the order of 0.6 m, but storm surges up
to 2 m can occur. The lake has the lowest long-term variation
in water levels, approximately 1.13 m (Fig. 11, page 43).

The character of the coast of northern Lake Superior is
predominantly one of a bold, rocky shoreline, often with high
cliffs and deep bays. The northwest coast has high cliffs, up
to 300 m, that have very large talus slopes. From Nipigon to

Wawa, relief is high inland but cliffs are not common and the
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coast is predominantly low, resistant rocky shorelines (c.f.,
Photo 37, page 136). This rocky coast is interrupted by
beaches that are supplied with sediment from small deltas.
These deltas have accumulated at the mouths of rivers that
erode material from former lake deposits in backshore areas
(B.A.M. Phillips, pers. comm.). The eastern shore, south of
Wawa, is a section of low relief, irregular shoreline, large
embayments and shallow water. Sediments are relatively abun-
dant and numerous barriers or spits have developed, predomi-

néntly of sand-sized sediments (B.A.M. Phillips, pers. comm.).



PART 7 -

LITTORAL PROCESSES, COASTAL GEOMORPHOLOGY AND OIL SPILLS

7.1 INTRODUCTION

The preceding chapters illustrate the great variety of
climatologic, oceanographic and geologic environments that are
found in the coastal zones of Canada. One result of this high
degree of variability isrthat the impact, distribution and per-

sistence of oil differs considerably from one coastal environ-

ment_td anéther. The application of a geographic or a thematic
approéch (Owens, l977a,'page 77) for all‘of Canada's coasts
would in?olve iﬁnumerablé permutations and combinations of lit-
toral processes'and shoreline types; ﬁhese approaches would be
bétﬁ ?epe£itive‘and iﬁordinately lengthy. |

.A more ba;ic apéroaéh‘tﬁaﬁ is developed in fhié report in-
:volveé discussion of the fundaméntél relationships'between oil
spillé and littoral.processes, as weli as considerétion of the

behaviouf of o0il on different shoreline types. This fundamental

approach requires a knowledge of the characteristics of the ma-
jor types of o0il and of the mechanics of weathering. . These are
discussed briefly in the first section (7.2). The approach also
requires an understanding of some of the basic process and form
interactions that control the character of the shoreline. The
second section (7.3, page 174) achieves this by an examination

of the effects of littoral processes on 0il followed in section
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7.4 (page 232) by a discussion of the impact and persistence of
0il in relation to coastal geomorphology. Within each section
the major points are summarized at the end of each part of the

text discussion in italics.

7.2 GEﬁERAL CONSIDERATIONS

The Chemical and physical characteristics of the oil that
is deposited on the shoreline are the primary factors in assess-—
iﬁg the impact and expected persistence of the contaminant. 0il
types vary widely from light, volatile, refined oils (such as
gasoline) to tarry lumps that are almost solid. In addition,
the impact and persistence of o0il is related to the processes
by which the o0il degrades. Weathering and aging are discussed
here briefly in terms of the basic processés only: other impor-
tant factors, such as climate and temperature, are considered

in the regional aspects of a spill (Part 8, page 313).

Types of 0il

Crude oils vary considerably in their chemical and physical
properties. Louisiana crude is very light, whereas Arabian or
Venezuelan crudes are generally heavy and sometimes almost as-
phaltic. O0il is composed of a wide range of compounds, from
light gases to heavy- solids (see Appendix, page ), and the
varioué refined oils result from a distillation process that-
uses increasing temperatures to separate groups of compounds.

Crude or refined oils can be categorized into 3 broad groups:
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(1) Liquid or free-flowing oils (such as unweathered

light crudes, aviation gasoline, diesel fuels, kerosenes, and

most other refined oils). These are generally very volatile

and have high rates of evaporation. The oils of this group

have a low viscosity and float on water but rarely form emul-
sions.

(2)- Very viscous oils (such as heavy crudes, weathered

light crudes, and Bunker fuels). These are less.volatile due
to the lower amounts of light fractions that result from either
refining processes or from natural evaporation. The oils of
this group float on water and readily form emulsions (for ex-
ample, "chocolate mousse" - a water-in-oil- emulsion). .

- {3) Semi-solid or tarry oils (such as asphalt or weather-

ed crudes). These-are non-volatile and aré very viscous at
normal (<38°C) temperatures. They may floét on water or -sink,.
and do not emulsify. -

One of the most important physical properties.-of oil, in .
terms of impact on the shoreline, is the pour point. This is
the temperature below which the 0il will not flow. If the am-
bient temperature is below the pour point the o0il behaves like
a solid mass (Otto, 1973). For the many different petroleum
types these temperatures range between -57°C and +325C but the
majority of oils have a pour point below 0°C and are, therefore,
fluid on water surfaces. The.Bunker C o0il spilled by the tanker

"Arrow" in February 1970 had a pour point of -1.1°C. As the
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waters of Chedabucto Bay were\below this temperature at the
time of the spill, the oil on the water had a semi-solid con-
sistency by the time it reached the coasts (Task Force, Opera-
tion 0il, 1970). Once on the shoreline, surface temperatures
of the o0il were raised above the pour point, as air tempera-
ture and sunlight (solar radiation) increased in spring and
ea:ly summer, so that the o0il began to flow and to penetrate
deeper into the beach sediments. Similarly the o0il spilled by
the "Irving Whale" had a pour point of 11.1°C and congealed
upon contact with seawater (Ages, 1971).

| Gasoline and other free-flowing oils are always at temper-
atures above their pour point whereas semi-solid or tarry oils
are usually below their pour point and will only flow when ex-
posed té relatively high ambient temperatures (>15°-25°C). As
a result of this difference, the free-flowing oils rapidly
penetrate most beach sediments whereas the semi-solids tend to
be deposited on the surface and will only penetrate if the
sediments are coarse (for example, pebbles or cobbles that have
large voids between particles) or if ambient temperatures are

high.

Persistence of 0il

The rates at which o0il degrades ({(i.e., its physical pro-
perties and/or chemical composition change) is a function of

weathering and aging. The processes by which this takes place
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are bio-degradation (particularly microbial oxydation), eva-
poration, dissolution and photo-oxydation. The primary fact-

ors that control rates of degradation are the initial composi-

tion and the physical nature of the o0il, in particular vola-

tility, fluidity and density (Otto, 1973). As oil is a com-
pound mixture of many different hydrocarbons, -each of which
has its own boiling point, the ambient temperature is usually
above the boiling point of some of these compounds (methane,
for example, has a boiling point of -164°C). Because of their
low -boiling points the light (volatile) fraCtidns-evaporate
when ‘exposed to the "atmosphere. -
- Another major factor in degradation is the amount of

available energy; -this energy can be either thermal or me-

chanical, or can be the result of biochemical processes.

Thermal energy is. related to air or water temperatures and

as these increase so do rates of most weathering processes.
Inputs of thermal energy result in both physical and chemical -
changes. Temperatures vary considerably both in spaée'(geo~
graphically) and in time (daily and seasonally), so that when
an oil spill occurs the local climate and the time of year

are critical elements in estimating the persistence of the oil.
For example, o0il spilled in an arctic environment during winter
months will degrade at considerably lower rates than the same

0il on a Lake Ontario beach in August. Sittig (1974) notes
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that microbial action is reduced in arctic environments as
bacterial metabolism is low and because o0il is more viscous at
lower temperatures.

Mechanical energy is related to the action of waves, tides

and winds that cause changes in the physical character of the
oil. As a result of the mechanical dispersion and breakdown
of»oil by the hydraulic action of waves, greater surface areas
are exposed to degradational processes because of an increased
surface to volume ratio. For example, during periods of storm-
wave activity the amounts of energy dissipated in the littoral
zone increase, so that mixing and erosion are high and the oil
is physically broken down into smaller particles. Newly ex-
posed oil then undergoes rapid chemical changes, particularly
the loss of light fractions. |

The burial of o0il decreases rates of degradation by re-

ducing the input of mechanical energy and by insulating oil
from surface radiation. Once o0il is buried it can persist over
long periods of time without physical or chemical change.

As o0il weathers and changes chemically its physical pro-
perties also change. The process of emulsification, for exam-
ple, leads to a lower viscosity so that oil flows more readily.
On the other hand, as weathering progresses the lighter frac-
tions are lost, leaving a more asphaltene residue, and the vis-

cosity increases and the o0il becomes less mobile (Rashid, 1974).
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The salinity of the water is an important factor in rates
of dissolution. With lower salinity the oil becomes more solu-
able. Therefore, in areas of low salinity or freshwater (such
as the Great Lakes) the oil is more readily diluted and thinned.

Once o0il reaches a quasi-equilibrium with local environ-
mental conditions the rates of weathering decrease rapidly, un-
til such time as these environmental conditions change. The
latter can occur as temperatures increase during spring and
suﬁmer months or as inputs of mechanical energy expose new sur-
face areas of the 0il. The important points are that the pro-

perties of spilled oil are in a constant state of change, and

that the rate of degradation is particularly high immediately

following exposure of 0il to the atmosphere.

(RS TR

SUMMARY |
() fhe pﬁysicdl and éheﬁicai éhardcteristics éf érude>‘
| and refined oil vafy'considerably.

(2) "Light'" oils have vélatile components that réadily
evapora%e on exposdre.

(3) '"Heavy'" oils have a high viscosity and degrade more
slowly.

(4) Rates of degradation depend on (a) the physical and
chemical composition of the oil, and on (b) the avail-
able energy (thermal or mechanical).

(5) Buried oil degrades very slowly.
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(6) The physical and chemical characteristics of spilled
o1l change constantly.
(7) Rates of degradation are usually high immediately

following a spill.

7.3 LITTORAL PROCESSES AND OIL ON THE SHORELINE

Littoral processes can be broadly defined as those forces
that act to form or change a shoreline. The primary interact-
tions are related to waves and tides, but consideration must
also be given to winds and to the effects of ice. The rela-
tionships between each of these 4 parameters are discussed in
terms of»the role that each parameter plays in shoreline devel-
opmen£ and dynamics. Consideration is also given‘to sediment
transport éystems (or the sediment budget), which involve the
pathways of sediment movement and which determine whether
there is a nét.lqss or gain of sediments at a particular loca-
tion. In addition, some of fhe ways in which o0il on the shore-

line modifies littoral processes are discussed.

7.3.1 Waves

Wave'Energy and 0Oil

Wave generation results from the interaction between winds
and gravity. Waves transmit energy through the water and the
dimensions of a wave and the energy levels are determined partly

by wind velocity and duration, and partly by fetch. When waves
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reach shallow water they are deformed, due to bottom friction
effects, and on reaching the shoreline breakers form as orbit-
al motions within the wave become unstable. The rush of water
towards the shore that follows breaking of the wave is refer-
red to as the bore and the uprush of water on a beach is termed
the swash. Once the swash reaches its maximum level on the
beach, water -either infiltrates the beach sediments or with-
draws down the surface of the beach (backwash). Within the

nearshore zone the most important subdivisions, 'in terms of

wave processes, are (1) the breaker zone, (2) the surf zone,

and- (3) the swash zone (Fig. 31). The single most important

aspect of waves or wave-generated processes 1s that they dis-

sipate energy -in the littoral zone.

— offshore —»«——— nearshore zone — >
breakera‘_' surt zone ‘_“ swash|
zone ‘ zone
bore

Figure 31. Subdivisions of the nearshore zone
into breaker, surf and swash zones
(from Komar, 1976).
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Two fundamental types of waves occur: sea and swell. Sea
waves are those that are found within the generating area (Fig.
32) and are directly related to local wind conditions, for ex-
ample, storms. As waves leave the generating area they are no

longer influenced by local winds and they travel as long-period

swell waves. Many of the waves that approach the Pacific coast

are generated in distant parts of the ocean to the west and

travel more than 15,000 km in some cases before expending their
energy on the British Columbia coast. By comparison, the Gulf
of St. Lawrence is not affected by swell waves and is a storm-

wave environment dominated by the effects of locally-generated

changing fto

fully developed
swel/

5805

- - S /
— 'l
~w—— fength of fetch /
Figure 32. The development of sea and swell waves.

The fetch, defined by the dashed line,
i1s the area of water over which the wind
generates waves. Upon leaving the gen-
erating area, the sea waves become swell
waves (from Bascom, 1964).
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waves. This latter type of wave has a shorter period, usually
less than 8 seconds as compared to greater than 10 seconds for
swell waves.

The levels of wave energy on a beach depend on the”expos—
ure. Coasts open to swell and/or storm waves are high-energy
environments. Those environments that are shelterea or that
have limited fetches have lower enérgyrlevels (fér example,

the Arctic Archipelago). A high?energy environment is one in

which physical processes transmit modéfate or high amounts of
energy to the littoral~205e.daiiy throughout the year. 1In a

low-energy environment, levels of energy are low throughout

the year, but the coast may be subject to occasional intense
storm-wave activity. Between these two extremes are a range
of environments where.orientatioﬁ of the coast, fregquency of
storm winds, and fetch distanées'determine 1ocal shoreline en-
ergy levels. An exampieureférred:to earlier (page 33) is the
Magdalen Islands in the central Gulf of St. Lawrence, where
the winds, and therefore the»locally—generéted:waves, are pre-
dominantly out of the west. This results in higher energy
levels on the west-facing shorelines than on the relatively
sheltered east-facing beaches.

At the local level on a shoréline, wave energy is trans-
mitted by bottom friction, breaking processes and swash action.
The areas of maximum energy dissipation are the breaker zone

and the swash zone. The actual mechanics of energy transfer
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vary depending on the character of the incoming waves and on
nearshore topography. Three distinct types of breakers have
been defined (Galvin, 1968). Spilling breakers are character-
izedbby a cascading line of foam at the wave crest and usually

occur on low-gradient beaches (Fig. 33). These breakers have

SPILLING BREAKERS

foam —,

nearly horizontal beach

.
v ete . te L
RN . PES AR MR
.’ e® e e te] e AR
et Teet, v . ter ..

PLUNGING BREAKERS

Figure 33. The three major types of breaking waves
(from Komar, 1976). The dashed line in-
dicates the mean water level.
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a large swash component as wave energy is dissipatéd horizon-
tally towards the beach. Plunging breakers are coﬁmon on
steep beaches and as the crest collapses, energy is transmitted
vertically downwards and a strong backwash is generated. 1In
addition, the éresf of the waves curls over so that air is
trapped and compressed as the breaker collapses. Surging
breakers are typified by the collapse of the wave crest near
the point of maximum swash uprush on very steep beaches (Fig.
33).

Breaker type and the width of the surf zone depend par-
tially on the nearshore topography and on tidal water-level
changes (Fig. 34). Due to deeper water at high tides the
waves break on the beach face and, because the beach gradient
is high, tend to.form plunging breakers (Fig. 34c). At low
tide waves break on the shallow nearshore terrace, the surf
zone is much wider due to the lower gradient, and spilling
breakers predominate (Fig. 34d).

The transfer of energy to the littoral zone has a direct

effect on 0il. Mechanical energy from breaking waves or swash

causes the physical dispersion and breakdown of o0il on the wa-

ter and on the shoreline.
0il on the surface of water is subject to dispersion in
the breaker, surf and swash zones. In addition to the breaking

up of an oil slick into smaller slicks or individual oil
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“ zoneE

ZONE

SWASH\ BREAKER _

r__SWASH | SURF BREAKER

ZONE l ZONE 1T zone

BREAKER

ZONE

SWASH
L ot
‘ ZONE

SWASH SURF BREAKER
— NN
‘ ZONE ZoNE~ |° zonE

LIMIT OF EFFECTIVE
[ BACKWASH

Figure 34. Changes in the surf zone width and breaker
type. (a) A steep beach with deep water
nearshore; plunging breakers are close to
the shoreline and the surf zone is absent

Or harrow. (b) A low-gradient beach has a
wide surf zone at all times. (c) Moderate-
gradient beach at high tide; plunging
breakers, no surf zone. (d) Moderate-gra-

dient beach at low tide; spilling breakers,

wide surf zone (from Ingle, 1966).
particles, mixing of oil and water can lead to the formation
of emulsions, such as "chocolate-mousse". O0il on the shore-
line itself is similarly affected and can be abraded and dis-

persed as individual particles (Photo 45) are removed from
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Photo 45. Individual particles of
weathered Bunker C oil washed
ashore on a sand beach, Black
Duck Cove, Nova Scotia, April
1970. The scale is 60 cm in
length.

the littoral zone by backwash. This essentially transports
0il from the beach into the water column.

As waves break on a shoreline, oil can be splashed above
the normal level of wave activity, in the same manner as wave
spray splashes beyond the normal swash line. When this occurs
the oil is deposited beyond the zone of wave erosion and abra-
sion, and is not subject to further physical breakdown except
during storms.

The rate at which wave-induced degradation processes oc-

cur is directly related to levels of incoming wave energy. On
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exposed shorelines the physical breakdown occurs at a higher
rate than in more sheltered, lower energy environments. Pho-
tograph 46 shows a low-energy beach in Chedabucto Bay in May
1970 with o0il stranded across the entire intertidal =zone.
Photograph 47a is from an adjacent area with a high-energy
outer beach and a low-energy lagoonal environment. This pho-
tograph, taken approximately 3 months after the oil was
stranded, can be compared with Photograph 47b taken within
the lagoon 3 years later. These photographs show that even
in adjacent locations energy levels can vary considerably.
The exposed beach was cleaned by the mechanical wave activity
within 3 months, whereas the sheltered backshore lagoon re-
mained heavily contaminated by oil after 3 years (see also

Photos 90 to 92, page 297).

Photo 46. Very sheltered environment, north
shore Chedabucto Bay, May 1970.
Thick Bunker C completely covers
the entire intertidal zone 3 months
after the spill. The oil was still
evident as a 50% to 100% cover
after 3 years.



Figure 47.

Black Duck Cove, Nova Scotia. (a) June
1970. The outer, exposed cobble-boulder
intertidal beach was cleaned within 3
months of o0il being stranded there. O0il
within the lagoon degraded more slowly,
and (b)shows the site marked by the white
cross 3 years after the spill, May 1973.
The dashed line is the line of the pro-
file in Figure 35 and the arrow locates
Photo 90 (page 297).
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Figure 35. Topographic profile (a) and surface oil
cover (b) across the spit and lagoon at
Black Duck Cove, Nova Scotia, June 1973.
The 0il cover was measured on a one-—
metre wide transect along the line of
the topographic profile 3 1/2 years af-
ter oil was stranded at this location.
See Photograph 47a (from Owens and
Rashid, 1976).

Figure 35 presents a profile across the spit and lagoon
at Black Duck Cove in Chedabucto Bay, illustrated ih Photo-
graph 47. On the profile the measured distribution of surface
oil is shown 3 1/2 years after the o0il was stranded on this
section of shoreline. In this figure it can be noted that the
high-water mark (HWM).was higher on the outer beach than in
the lagoon (MHWL) due to the effects of breaking waves and to

swash run-up on the more exposed section of the spit. In much

of the low-energy lagoon environment, the o0il still covered
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100% of the surface, but on the exposed shore it remained only
above the mean high-water mark (above the limit of normal wave
activity).

" The relationship between wave-energy levels and rates of
degradation has been discussed by Rashid (1974). He noted that
analysis of oil samples, collected in Chedabucto Bay three

years after the o0il was stranded, showed that rates of weather-

ing were low in low wave-energy environments and that the oil

remained mobile (low viscosity), but that samples from a high-

energy environment were more degraded and had a higher viscos-
ity.

In areas where large volumes of o0il are washed ashore and/-
or in a low-energy environment {e.g., Photo 46), the 0il coats
the entire intertidal zone. A feature of o0il deposition on the
shorelines of Chedabucto Bay was that in areas of high or mod-
erate wave activity (even though large volumes of oil were

washed ashore), the o0il tended to be stranded only in the upper

parts of-the intertidal zone. The lower half of the'intertidal
zoné often'drieé ouf slowly‘or méy Bé %ét due to water seeping
out of the beach faée. As oiirdbes not geédily édheré tb a wet
surfaée, 0il in the lower intertidal zdneycould be reflbated by
a fléoding tide and cafried to the upper éarts bf a beach.v in
addition,Aif the oil were trapped‘against tﬁe shoreline by the
action of bofes in the surf zone, then the majority‘of fhe.oil

would be moved up a beach on a rising tide and deposited on the
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upper intertidal zone at the turn of the tide and in the early
stages of the ebb.

0il deposited in the upper intertidal zone is usually
eroded rapidly if wave action is present. During high tides
‘the upper intertidal-zone beach is characterized by plungin§
breakers that transmit energy vertically down to break up oil
particles or oil layers. Plunging breakers also have a strong
backwash that transfers o0il particles seaward.

A secondary effect of waves on oil-contaminated shorelines
is related to the water temperature. If the seawater is colder
than the ambient temperature this can reduce the temperature of
the 0il and therefore reduce the degradation rates of oil that
becomes covered by breaking waves or swash. The converse is
also true but less common as ambient air temperature is usually

higher than water temperature.

Waves, Beaches and 0il

The most important effect of the energy transfer associ-
ated with the hydraulic action of waves, in terms of shoreline
dynamics, is the dispersal and redistribution of sedimehts.

On coasts of unconsolidated sediments (i.e., beaches) the ma-
terial is reworked by waves and this results in specific pat-
terns of offshore-~onshore and élongshore morphology. The
amounts of sediment that are redistributed are related both to

the size of the material and to the available wave energy. As
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the sediment size increases (e.g., from sand to cobbles to
boulders) so the force required to initiate and maintain trans-
portation increases. Sands are readily moved by all waves, but
cobble-sized materials require a much higher force in order to
be redistributed.

0il deposited on a beach will tend to be moved by wave ac-
tion provided that a complete cover of oil is not formed and
provided that the oil particles are sufficiently small in size
to be moved by the available wave energy (Photo 45). If the
0il is a thick continuous deposit in a low wave-energy environ-
ment, the processes of redistribution and mechanical breakdown
will be very slow (Photo 46). With higher wave-energy condi-
tions an oil cover can be dispersed, abraded and broken up into
individual particles. These particles are then subject to
transportation, further abrasion and to weathering. The me-
chanical breakdown of 0il is not achieved by the force of the
-waves alone. As waves break or as swash runs up the beach the
sediment that is being redistributed acts as an abrasive tool

on stranded oil.

(i) Changes Perpendicular to. the Beach. During periods

of high-energy wave activity beaches are usually eroded. On
sand beaches this results in the transfer of material from the
beach to the adjacent low-tide terrace (see definitions and

diagram, Appendix, page 401). As levels OwaéVe energy
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decrease, the sediment is returned to the beach by.constructive
wave activity. The time period over which these cycles of ero-
sion and deposition occur varies from one coastal environment
to another.

On a shoreline that has a large seasoﬂal difference in
wave-energy levels, erosion predominates in one season and con-
struction (or accretion) in another. This is common on the
west coast of North America (a swell environment) and is usually

referred to as a "summer-winter" beach cycle, with erosion pre-

dominating in winter months (Fig. 36). As a result of winter
erosion there are major changes in beach morphology, in parti-
cular, the berm is lower or absent in winter months, but is re-

placed during the summer.

In other areas a storm/post-storm cycle predominates, for

example, on the northeast coast of North America (a storm-wave

summer profile

mean water level

winter profile

Figure 36. Idealized summer-winter beach profiles
(after Komar, 1976).
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environment) (Hayes and Boothroyd, 1969; Galvin and Hayes,
1969). In this situation the seasonal variation is overshad-
owed by higher-frequency. cycles of erosion during the passage
of storms and construction in the post-storm recovery period.
The eroded berm is reconstructed following the storm, as wave-
energy levels decrease, by the landward migration of a ridge
and runnel system (Photo 48) that welds onto the beach (Photo
49) within a few weeks or less, if not interrupted by further

storm-wave activity (Fig. 37).

Photo 48. Ridge welding Photo 49. Aerial view of

on the upper
beach near the
high-water
level, Magda-
len Islands,
P.Q., November
1974 (from
Owens and Fro-
bel, 1977).

ridge (marked
by the arrow)
welded on the
beach, Magdalen
Islands, P.Q.,
November 1974
(Photo by J.R.
Belanger, Bed-
ford Institute).
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RIDGE MIGRATION

HOLLAND, MICH.
JULY, 1970

lake level

Figure 37. Sequence of onshore ridge migration over
' a 1l0-day period, Lake Michigan (from
Davis and Fox, 1971).

These two different cycles occur not only in different
environments but can also be found at the local level. Owens
and Frobel (1977) found that on the exposed west coast of the
Magdalen Islands, in the Gulf of St. Lawrence, a "summer-winter"
cycle predominated, but that a "storm/post-storm" cycle pre-
vailed on the more sheltered east-facing beaches of these is;
lands. In addition, the study found that in both types of cy-
cles a small ridge migrated landward within 2 to 4 days follow-

ing a storm (Photo 50). This very small ridge welded onto the
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Photo 50. Initial migration of ridge onto
beach within 24-hours following
a storm. Photo taken at low
tide, Magdalen Islands, P.Q.,
November 1974 (from Owens and
Frobel, 1977).

beach face and reestablished a small berm on the eroded beach.
Subsequently a larger ridge migrated landward to complete the
recovery cycle.

These two cycles of erosion and deposition are basically
similar but occur on different time scales due to differences
in the character of the wave-energy environment.

During an erosion phase on a beach, sediments and oil
would be removed and transported into the nearshore area. This
would lead to a rapid breakdown of the o0il particles as the
particles are rolled around by wave action. If oil is deposited
on a beach immediately following the erosion phase, but before

recovery has commenced, the oil on the beach would be buried as
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constructive waves return sediment by the landward migration

of ridge systems. Figure 38 shows this type of situation where

HwW

Figure 38. Sequence of storm erosion and oil deposi-
tion (b), burial (d4) (e), and exposure fol-
lowing a second storm (f) on a sand beach
(from Owens, 1977b).
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a beach (a) is eroded and the o0il is then deposited on the rem-
nant berm during or after the storm (b). As the beach recovers
a small ridge (c) migrates up the beach within a few days (d)
and eventually the large ridge system will restore the eroded
berm (e). The buried oil would then only be exposed during a

period of further beach erosion (f) (Photo 51). If the cycle

Photo 51. 0il exposed in the upper inter-
tidal zone on a sand beach fol-
lowing storm-wave activity,
Point Michaud, Nova Scotia,

May 1970. This photograph cor-
responds to stage "f" in Fig-
ure 38.
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is one of storm erosion and post-storm recovery this would be

a fairly rapid process. If the o0il were deposited in é "summer-
winter" beach cycle during the spring or early summer phase, the
0il would be buried and remain so until the erosion phase in the

following fall and early winter.

(ii) Changes Alongshore. Waves that approach a beach at

an angle cause the longshore movement of sediment by a process
that'is referred to as longshore or beach drift (Fig. 39). This
results from the swash running up a beach face at an oblique
angle, followed by the backwash combing down the sediments. The
backwash runs straight down.the beach due to the influence of
gravity. By this mechanism, material on the beach surface, that
can be moved by the incoming waves, is in a continuous state of

motion and is transported alongshore.

Beach Drifti

N\Longshore Current
\ opprg‘{loc\ll'le/ \ \\
AN

Figure 39. Waves approaching a beach obliquely
produce a longshore current and a
longshore drift of sediments by
swash and backwash action (from
Bird, 1968). '
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A common feature on sand beaches is a type of rhythmic
topography called beach cusps (Photo 52). These are generally
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