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An analysis of the Canadian Beaufort Sea coastal zone (Alaskan/Yukon border
to Baillie Islands) was conducted to provide regional summaries of (a)
coastal morphology, (b) coastal stability and (c) coastal processes. It
igs anticipated that the analysis will be used in the development of
resource management strategies and in the evaluation of proposed
developments (impact and design assessment). A total of 2,077 km of
coastline were examined using aerial photographs, low altitude oblique
video imagery and previously existing field studies.

The Coastal Information System, developed by the Geological Survey of
Canada, was used to systematically characterize coastal morphology and
record data in a digital data bage. Six coastal types were defined from
the data base and were used to characterize the coastal zone. The results
indicate a predominance of erosional landform types (60 to 80% of the
coastline mapped) with relatively few (<20%) widely dispersed accretional
landforms.

Over 1,000 comparisons of coastal stability were made using 1950's and
1970's air photos. The results indicate that the Beaufort Sea coast is
undergoing wide scale regional retreat. Most sections of the coast exhibit
mean coastal retreat rates greater than 1 m/yr; however, areas near the
active channels of the Mackenzie River delta, are retreating almost
everywhere at rates greater than 2 m/yr. A maximum retreat rate of 18 m/yr
was measured in the Shallow Bay portion of the delta.

The. presence of significant quantities of terrestrial ice in the coastal
sediments is one of the primary causes of the wide scale retreat. It is
also hypothesized, however, that the Canadian Beaufort Sea is undergoing a
relative sea level rise, which is contributing to the rapid retreat. There
is indirect circumstantial evidence that supports this contention. The
presence of terrestrial ice and a possible relative sea level rise are
causing rapid retreat of most segments of the Beaufort Sea coastline. This
is manifest in the dominance of erosional landforms. An important
exception occurs on the western Yukon coast where long linear barrier
islands appear stable. It is speculated that onshore movement of material
due to ice push is the primary process responsible for supplying material
to these barriers.
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1.0 INTRODUCTION

1.1 STATEMENT OF THE PROBLEM

There are approximately 2,000 km of coastline in the southern Beaufort
between the Alaskan border and Cape Bathurst on the Parry Peninsula and
including 900 kilometres of the Mackenzie River Delta (Figure 1.1). The
coastline is almost completely comprised of wunconsolidated sediments
and, as such, is an extremely dynamic environment susceptible to reworking

by both arctic marine processes as well as periglacial processes.

Present offshore oil and gas exploration activities have had a minimal
effect on these resources to date and have been primarily concentrated at
McKinley Bay and Tuktoyaktuk Harbour areas. However, other shore
facilities have been proposed (Dome, n.d.; Gulf 1982) and a nearshore
production field near the Mackenzie River Delta remains a very real
possibility for the near future (Mr. Evan Birchard, Esso Resources Canada
Ltd., pers. comm. 1983). 1In addition to anticipated development associated
with offshore (or onshore) hydrocarbon development, there are other
competing uses for coastal resources in the Beaufort Sea such as Parks
Canada's proposed terrestial and marine parks, proposed wildlife refuges
and existing subsistence use areas. The potential impacts associated with
offshore oil and gas development and the potential for conflicting use
réquirementa of these resources will require that Indian and Northern
Affairs Canada (INAC) develop effective plans for managing the coastal

resources of the Beaufort Sea.

Prior to this project, there has been no systematic detailed inventory of
phygical shore zone characteristics in the southern Beaufort Sea nor has
there been any comprehensive synthesis of the coastal processes affecting
thege resources. Development of a systematic data base is esgential to the

implementation of effective resource management strategies. This study
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represents the first step in the development of appropriate management
strategies and provides not only a detailed inventory of coastal resources
but also identifies deficiencies in our understanding of resource

sensitivity to proposed developments.

1.2 OBRJECTIVES

The overall goal of this study was to provide a systematic inventory of
physical coastal resources and processes and to provide a synthesis as to
how these resources could be affected by development. Specifically,

objectives were to provide:

(1) an inventory of physical shore-«zone character;

(2) a documented assessment of coastal stability (erosional and
accretional) in the study area;

(3) an assessment and review of oceanographic, terrestrial and other
environmental factors that affect the character of the coastal zone;

(4) a coastal information data base of the above results that will allow
the manipulation of data sets in computer files;

(5) the graphic presentation of selected resource information on 1:50,000
scale maps and smaller scale summary maps;

(6) a synthesis of the coastal information data that will provide
regource managers with insight into +the distribution, origin,
stability and sensitivity of coastal resources in the Beaufort Sea;

(7) a presentation of results to resource managers in Whitehorse,
Yellowknife and Ottawa.

Q’ 6,
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1.3 ORGANIZATION OF REPORT

This report is organized into four principal components:

Technical Report

Coastal Erosion Rate Measurements (Appendix 1)

- Maps (Appendix 2)

1

Data Sheets (Appendix 3, seperate appendix)

The technical report contains background on the region, methods, results
and discussion of results with respect to proposed development. Appendix 2
contains 151 maps at 1:50,000 scale; the maps are produced in black and
white and in an 8-1/2 x 11 inch format to facilitate reproduction. The
data sheets (Appendix 3) provide additional detail on shore-zone character
{substrate type, dimensions of units, etc.) and are keyed to the maps with
a unit identification number; the data sheets permit a high level of detail

to be recorded but allow a simple map format to be retained.
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2.0 STUDY RATIONALE

In order to meet the objectives of the study (Section 1.2) a series of
tasks were undertaken to develop new information on the Beaufort GSea
coastal zone and to synthesize existing information. From these sources,
it is possible to develop conceptual models of dominant coastal processes
in the Beaufort Sea. Although these models remain largely unverified in
terms of field data from the Canadian Beaufort Sea, they are in part
empirically derived from Alaskan Beaufort Sea field studies and, as such
are thought to be reasonable representations of present processes in the
Canadian Beaufort Sea. The models provide a means of assessing impact that

might result from development proposals (Figure 2.1).

There are three principal components of the study:

(1) a coastal mapping program (Section 2.1) for systematically
categorizing coastal morphology and coastal substrate types,

(2) coastal stability measurements (Section 2.2) to accurately estimate
rates of coastal accretion and erosion, and

(3) a coastal processes synthesis (Section 2.3), which is developed from
the review of the few studies from the Canadian Beaufort Sea coast
and from the numerous studies of the Alaskan Beaufort Sea coast.

The synthesis of these components outlines the rationale for the
development of coastal processes models (Section 2.4) that provide some
qualitative prediction capabilities. The approach for each of these
components ig briefly outlined in the following sections.

2.1 COASTAL MAFPING

Documentation of existing coastal geomorphology provides considerable
insight into present-day coastal processes in terms of sediment supply,
sediment transport paths and coastal stability. For example, the
predominance of coastal cliffs indicates a net coastal sediment deficit and
suggests that the coast is in dynamic disequilibrium as a result of

| &
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changing environmental processes. The presence of retrogresgsive thaw
failures on the coastal cliffs further indicates that the eroded material
is fine grained and ice-rich, and therefore is probably transported
offshore rather than deposited in the nearshore. Additionally, barrier
islands and spits provide an index of net transport directions and, as
such, indicate where potential sediment sources and sinks exist. These few
examples illustrate the utility of inferring coastal process elements from

coastal geomorphology.

A shore-zone classification system is required to systematically categorize
coastal morphology and coastal substrate types. These coastal types are
then mapped to illustrate regional patterns. In conventional mapping
programs, considerable detail is lost during the mapping process because
maps must be made comparatively simple to be clear. In this study a data
base system was used (a) to systematically record coastal character in
detail and (b) to allow summaries to be easily derived from the detailed
data base., The coastline is mapped in segments of homogeneous morphology
(in the longshore direction) and a data base entry established for each

coastal segment.

Upon c¢ompletion of the mapping program, the data base was integrated to
provide summary statistics and to assist in mapping the regional
distribution of resources. A nine-track computer tape of data complements
the coastal morphology maps that were developed as part of this study; the
tape will allow the data base to be easily updated and/or expanded as more

detailed information becomes available.

2.2 COASTAL STABILITY

Coastal morphology provides an excellent indication of coastal stability:
howaver, it is qualitative in nature and cannot be used to estimate coastal
sediment budgets or establish risks associated with engineering proposals.

Coastal stability was estimated along the entire Beaufort Sea coast, from

Dobrocky
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the Alaskan border to Cape Bathurst to quantitatively estimate rates of
change. A comparative air photo analysis utilizing 1950's and 1970's air
photos was used to evaluate erosion and accretion rates. The approach is
comparatively inexpensive because no field work is involved and it provides
both site specific and regional data on rates of change. As such, the
coastal stability analysié permits quantitative measurements to be linked

to the coastal mapping program.

' 2.3 COASTAL PROCESSES

No field work was conducted as part of this study and inferences from
previous field programs in both the Canadian and Alaskan Beaufort Sea areas
are used to infer coastal processes throughout the study area. Theoretical
model studies conducted previously (e.g., Baird and Hall, 1980) and in
association with this study (Philpott Consultants, 1985) provided
additional input to the conceptual coastal process models (Figure 2.1). 1In
particular, these studies allow estimates of year to year and seasonal
variability to be included in the models, and provide insight into the
temporal variations of coastal processes that is not available from either

the coastal mapping or stability components of the study.

2.4 CONCEPTUAL COASTAL MODELS

The ultimate goal of the atudy is to develop a sufficient understanding to
define a conceptual model(s) of the coastal processes that are important in
different regions of the Canadian Beaufort Sea or important on different
coastal types of the Beaufort Sea. The models serve as the basis for
assessing coastal impacts (Figure 2.1) and may also serve as the

experimental design for detailed field studies.

%’“ S
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3.0 PREVIOUS STUDIES

3.1 DESCRIPTION OF THE REGION

A brief description of the region is provided and for descriptive purposes
is subdivided into (a) the physical environment, which includes the static
geological and physiographic¢ components of the coastal system and (b) the
physical processes or driving forces of the transport system (climate,

hydrology, oceanography).

3.1.1 Geology and Physiography

Physiography and Relief

The major portion of the study area is located within the Arctic Coastal
Plain, which is subdivided into the Yukon Coastal Plain and Mackenzie Delta
(Bogtock, 1967). A portion of the Interior Plains (Anderson Plain) occurs
along the eastern shore of Liverpool Bay (Figure 3.1). The offshore shelf,
which extends approximately to the 80 m isobath (Figure 3.2) is comprised

of a series of cross=shelf ridges and plateaus (Fiqure 3.3},

Regional Geology

The regional geology follows similiar trends to the major physiographic
subdivisions (Figure 3.1). The Yukon Coastal Plain area consists mainly of
glacial and glacial marine deposits; the Mackenzie Delta consists of
deltaic sediments, glacial outwash materials and possibly some glacial
marine sediments in the Richards Island area; and the Anderson Plain
includes late Paleozolic to Tertiary sedimentary rocks, although along the
short section of the Liverpool Bay area, sediments are unconsolidated

outwash materials.

%W &
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The distribution of sediments offshore is illustrated in Figure 3.4 and
indicates that much of the shelf is dominated by muds which thin to the
eagt and are absent on the western shelf. The muds are thought to be
contributed principally by the Mackenzie River during the past 15,000

years.

The glaciations of the c¢oast have clearly been important; however to date
both the sequence of glacial events and the extent of the most recent
glaciation are not certain. A narrow tongque of ice probably extended into
the Mackenzie Canyon dividing the shelf into eastern and western segments.
(Rampton, 1982). The important features are that most of the shelf or
coastal areas are believed not to have been glaciated during the Wisconsin
advance (i.e. the most recent advance) but that outwash during glacial
retreat probably contributed significantly to the initial development of
the Mackenzie Delta and also to deposits along the Tuktoyaktuk Peninsula.
Mackay (1963a) has identified a major outwash channel that discharged
through McKinley Bay.

An additional aspect of the glaciations is the effect that they have had on

sea level change, which is discusged in the next section.

Onshore, the entire area is underlain by continuous permafrost with the
exception of major lakes and river channels. As a result, ice, in the form
of both pore ice and masgive ice, is present in the surficial sediments.
Where coastal erosion is rapid, offshore permafrost may occur. In the
vicinity of the Mackenzie Delta (Shallow Bay), the permafrost table is
within 2 m of the seabed at distances of 500 m offshore (Hollingshead et
al, 1978).

Sea Levels

Sea level has risen approximately 55 m over the last 15,000 years (Figure
3.5) and may be rising at as much as 10 mm/year (Figure 3.6; Canadian
Hydrographic Service Tidal Data presented in Baird and Associates 1983;
see also Hill et al. 1985). BAs a result of the increase in sea level, much

of the coast is undergoing rapid erosion and many lower reaches of the

stream valleys are submerged. @
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Figure 3.5 Proposed Holocene sea level curve for the Beaufort Sea coast

(from Forbes, 1981). Recent unpublished radiocarbon dates are
indicated (+) and suggest that the sea level rose steadily from
11,000 B.P. to 6,000 B.P, (Blasco, 1981, pers. comm). The
various boxes indicate (a) the sample position relative to
present sea level and (b) the interpretation of environment of
deposition at the time when material was deposited (i.e. below
sea level, at sea level or above sea level).
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3.1.2 Climate

Temperature

Temperature is of indirect effect to Beaufort Sea coastal processes in that
(a) low mean annual temperatures (-10°C at Tuktoyaktuk) have resulted in
the formation of continuous permafrost throughout the region and (b) low
winter temperatures (=27°C for January at Tuktoyaktuk) result in the
formation of sea ice for approximately nine months of the year, effectively

preventing wave activity and coastal processes.
Wind

The distribution of coastal winds along the Canadian Beaufort Sea coast is
illustrated in Figure 3.7. In some locations, the direct effect of winds
is evident in the form of coastal dune deposits; however, these features
are rare in the study area. A more important effect may result from the
deflation of fine-grained sediments from barrier islands and spits leaving
coarse lag deposits of gravel material over predominantly sandy gravel
sediments (Figure 3.8). This process has been described for other arctic
gshorelines (Reimnitz and Maurer, 1979; Woodward-Clyde Consultants, 1985),
although its significance on the Canadian Beaufort Sea coast is probably
minimal except at very localized areas.

Wind stress over water generates waves, currents and surges (see Section
3.1.4) and as such has important indirect effects on oceanographic
processes; wind stress over ice is important in causing ice motion, which
¢can have a direct impact on the shoreline.

3.1.3 Hydrology

Mackenzie River

The Mackenzie River is the second largest river in North America and the
drainage basin is in excess of 1,800,000 km2, Mean annual flow rates are
in the order of 11,500 m3/s (Table 3.1), although year-to-year order of
magnitude variations occur. Peak flow is typically in late June. Annual
sediment input is estimated at 1.5 x 107 metric tonnes (Table 3.1), of
which most is silt and clay. The pro-delta (area landward of

gw Q)
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Figure 3.8 Photograph of gravel lag layer on barrier igland surface
formed by wind deflation of surface sediments (Chukchi Sea

Coast, 1983). Wmm
&
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Table 3.1 Discharge Characteristics of Beaufort Sea Rivers

Drainage Mean Annual Peak Egtimated Annual
Basgin Flow Rate Flow Rate Sediment Discharge

River area(km?) (m3/s) (m3/8)1 (metric tonnes)?2
Mackenzie 1,800,000 11,500 34,000 1.5 x 107

Big Fish 2,300 520 160,000
Eagle Creek 240 110 ' 17,000

Blow 3,700 710 260,000
Running 420 160 29,000
Babbage 5,000 910 350,000
Unnamed 230 110 16,000

(Phillips Bay)
Spring 560 190 40,000
Unnamed 270 110 19,000
{Roland Bay)

Firth 6,200 1,000 440,000
Malcolm 1,100 310 78,000

Fish Creek 240 110 17,000
Backhouse 86 52 6,100
Clarence Lagoon 170 84 12,000
Craig 120 65 8,500

1 peak flow data are estimated values (from McDonald and Lewis, 1973)
2 from Harper and Penland (1982)

e
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the 5 m isobath) is thought to be the principal sediment sink of the
Mackenzie River with lesser amounts distributed across the shelf (Harper

and Penland, 1982).

Yukon Coast Rivers

The hydrology of the Yukon coast rivers is not well documented, however, a
few gauging studies have been used to rate discharge as a function of
drainage basin size (Table 3.1). This figure compares favourably with
calibrated measurements from the Alaskan Arctic Coastal Plain (Reimnitz,
1985, pers. comm.). Flow occurs only during the summer on these rivers and
peaks in early June. Estimates of sediment input are in the range of 6,000
to 440,000 metric tonnes per year. Interestingly, most of the Yukon rivers
discharge into lagoons and estuaries and show little evidence of
progradation; as such, it is doubtful if much of their sediment load is
actually reaching the coastal zone or is contributing significantly to the
coastal sediment budget. Forbes (1981) noted that approximately half the
sediment production from the Babbage River basin may be transported from

the estuary, although little gravel moves beyond the Upper Delta.
3.1.4 Oceanography

Sea Ice

Sea ice reforms annually in the Beaufort Sea and limits the open-water
season to approximately three months (mid=-July to mid-October). The
presence of sea ice effectively limits wave activity to these three
open-water months, and, as a result, the coastal processs are essentially
dormant during the remaining nine months. The presence of pack~ice
offshore (Figure 3.9) limits wave action even during the open-water months

so that the Beaufort Sea is a comparatively low wave-energy environment.
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Waves

Waves are generated only during the open-water seagon, which occurs from
approximately mid=July to mid=-October, and despite this short open-water
season, wavesg are the most significant modifying process of the Beaufort

coastal zone. Open-water wave characteristics are as follows:

- background waves that are less than 1 m in height, account for
less than 30% of the annual wave energy and occur 78% of the time,

= Iintermediate storm waves that are 1 to 2 m in height, account for
nearly 50% of the wave energy and occur 20% of the time,

-  severe storm waves that are greater than 2 m in height, account
for 20% of the annual wave energy and occur less than 2% of the time.

The relative proportion of wave power and frequency of occurrence of each

wave clags is schematically illustrated in Figure 3,10,

The dominant wave approach directions for six locations in the Beaufort Sea
are illustrated in Figure 3.11 and indicate that wmost of the storm-wave

energy orginates from the northwest.

The waves generate longshore transport along the c¢oast due to breaking
waves and may be important in trangporting sediments to offshore areas as

well (Harper and Penland 1982; Fissel and Birch 1984).
Currents

Tidal currents are small in the Canadian Beaufort Sea (¥issel and Birch,
1984) and currents in the shallow coastal areas of the Beaufort Sea are
assumed to be principally wind-driven, although no measurements have been
made in water depths of less than 7 m. The general circulation patterns
that occur under the two dominant wind directions are illustrated in Figure
3.12. Local current patterns will vary depending on coastal orientation

and configuration.
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Tides and Storm Surges

The astronomical tide is very small in the Canadian Beaufort Sea. Tidal
ranges for selected areas are listed in Table 3.2 and indicate typical

ranges of 0.2 m to 0.7 m.

Table 3.2 Canadian Beaufort Sea Tidal Ranges

Small Tide Large Tide
C. Dalhousie 0.5 m 0.7 m
Tuktoyaktuk 0.3 m 0.5 m
Herschel Island D2 m 0.4 m

Storm surges are known to be significant and are of concern to engineering
design analysis. Large surges occurred in 1944 and 1970 and are thought to
have exceeded 2.5 m in height along most coastal areas (Anon., 1971).
Indeed, driftwood lines are frequently found at elevations greater than

2 metres above mean gea level (McDonald and Lewis, 1973; Forbes, 1981).

Henry (1975; 1984) has conducted storm surge analyses for Tuktoyaktuk that
predict 100 year surge levels in the range of 3.7 m above chart datum
(lowest normal limit of low tides) or 2.5 m above topographic chart datum
{mean high water level)., An addition to the swash limit will result from
the wave height contribution; this contribution will vary significantly
depending on the degree of exposure to waves. Harper (1985) provides a
very precise documentation of storm log lines in the Tuktoyaktuk vicinity
and indicates that maximum surge levels are in the 2.3 to 2.4 m range above
mean sea level; log lines in exposed locations, subject to surge and swash

processes, may be in excess of 3.4 m above mean sea level.
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3.2 COASTAL STUDIES

Existing information from previous studies was reviewed for potential use
in developing conceptual models of the Beaufort Sea coastal processes (e.g.
Figure 2.1). This involved the review of previous coastal process studies
in both the Canadian Arctic and the Alaskan Arctic as well as other related
topics such as surficial geology, oceanography and marine geology.
Research programs in the Alaskan Beaufort Sea and Canadian Beaufort Sea
provide an interesting contrast in that. the Alaskan projects have
concentrated on process-oriented research, that is, how coastal systems
respond to driving forces and how these systems vary in time, whereas
Canadian projects have c¢oncentrated more on documenting distributions of
resources (i.e. documenting fhe spatial variations in resource
distributions). As such, the two research approaches are complementary,
particularly for the Canadian Beaufort Sea where a detailed shore-zone

inventory now exists (i.e. this study).
3.2.1 Canadian Beaufort Sea Coastal Studies

There have been numerous small-scale observational studies conducted in the
Canadian Beaufort Sea but few large-scale or long—-term regearch programs.
Observations by Mackay (1959, 1960, 1963a, 1963b, 1966, 1971, 1972, 1975)
provided the first modern=-day descriptions of Beaufort Sea coastal
processes. In these papers, Mackay documented that permafrost, in
particular ground-ice, resulted in wunique arctic coastal mass-wasting
processes and drew attention to the rapid coastal retreat of the area.
Large—=scale regional reconnaissance studies of the Yukon C(Coast were
conducted in 1972 (Mcbonald and Lewis, 1973) and continued through 1974 and
1975 (Lewis and Forbes, 1974) with a major process—oriented study conducted

in the Kay Point-Babbage River area between 1974 and 1977 (Forbes, 1981).

The study by Forbes remains the only multi-year process-oriented study
conducted in the Canadian Beaufort Sea. Facility siting studies for Gulf

Canada Resources Limited have been conducted for the Stokes Point area of
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the Yukon Coast and the McKinley Bay area of the Tuktoyaktuk Peninsula
(Baird and Associates, 1983; Readshaw, 1982). Harper and Penland (1982)
developed a sediment dynamics model for the Beaufort Sea shelf that also

provided background on coastal processes in the region.

Significant results from these programs include:

- the Beaufort Sea shelf has undergone rapid submergence over the past
10,000 years and there is abundant geomorphological evidence that the
transgression is continuing at the present time (Forbes, 1980; Lewis,
1985),

= much of the coast is undergoing large annual retreat (Table 3.3),

- erosion landforms are common in the form of coastal cliffs with
unique arctic mass-wasting processes (ground ice slumps and block
falls) (Mackay, 1966; McDonald and Lewis, 1973; Lewis and Forbes,
1974; Harry, 1985),

- massive ice and pore ice are common in coastal cliffs and indicate
that even though coastal retreat may be rapid, there may be little
sediment released because of the extremely high ice contents
(Mackay, 1966; 1971; 1972; Harry, 198%),

~  barrier islands and spits provide the principal coastal sediment sink,
and these features are comprised of gravelly sand (McDonald and Lewis
1973; Lewis and Forbes, 1974),

= the smaller rivers of the Yukon coast do not contribute much sand and
gravel to the coast; most is retained within the river, and silt and
clay comprigses the main sediment c¢omponent reaching the coast
(McDonald and Lewig, 1973; Forbes, 1981),

- sgediment transport directions are primarily controlled by wave
approach directions, as indicated in Figure 3.13, and

= a significant proportion of the wave energy, and hence sgediment
transport, occurs during episodic storm events, (Harper and Penland,
1982).

DPobrocky
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Table 3.3 Coastal Retreat Rates, Canadian Beaufort Sea Coast

{from Harper and Penland 1982).

Location Maximum Mean Source
(m/yr) (m/yr)
Tent Is, Yukon T. 27 15 Gill, 1972
Pullen Is, N.W.T. - 9.2 Forbes & Forbel, 1985
Pelly Is, N.W.T. 13.2 6.3 Forbes & Forbel, 1985
Garry Is., N.W.T. 7.3 2.3 Kerfoot & Mackay, 1972
1.8 1.2 Forbes & Forbel, 1985

Hooper Is, N.W.T. 2.7 1.5 Forbes & Forbel, 1985
Kay Point - 1.3 Forbes & Forbel, 1985
Yukon Territory 5 - Lewis & Forbes, 1974
Yukon Territory - 1 Mackay, 1963b
Tuktoyaktuk P. 5-8 - Mackay, 1971
Alagkan Border to
Mackenzie R. Delta 2 1 McDonald & Lewis, 1973
Tuktoyaktuk P. 6~9 - Rampton & Mackay, 1971
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In summary, the previous studies indicate that much of the Beaufort Sea
coast is undergoing rapid coastal retreat, as a result of the recent and
ongoing coastal transggression. As sgsuch, the majority of coastal landforms
are erosional in nature and display unique morphologies as a result of
permafrost and massive-ice presence with the sediments. Depositional
features such as spits are comparatively rare and are comprised of coarse
sediments (sands and/or gravels). The movement of fine sediments from
cliff erosion and river input is principally offshore; the movement of
coarse sediment (sands and gravel) is principally alongshore. Alongshore

sediment movement occurs in episgodic pulses during storm events.

3.2.2 Alasgkan Arctic Coastal Studies

A wide variety of coastal process studies has been c¢onducted along the
Beaufort and Chukchi Sea coasts of Alaska during the past ten years.
Principal research groups have included the Coastal Studies Institute of
Louisiana State University, the U.S. Geological Survey and the NOAA Outer
Continental Shelf Environmental Assessment Program. The Alaskan research
programs have tended to be process-oriented, focusing on physical linkages
and temporal variations in processes rather than the inventory-oriented
approach used in Canada, which has focused on spatial distributions of
resources. Not all studies are cited in this review and the reader may
wish to consult Gatto (1980), Owens and Harper (1983) and Woodward-Clyde

Consultants (1981b) for further references.

The Beaufort Sea coast of Alaska is similar in some respects to the
Canadian Beaufort Sea coast. Coastal sediments are unconsolidated except
for permafrost, coastal retreat rates are high (Cannon, 1979; Hopkins and
Hartz, 1978; Lewellen, 1970; 1977), ground ice is common (Lewellen, 1970)
and sediment transport processes are dominated by high energy storm events
(Hume and Schalk, 1967; Nummedal, 1979). Differences between the two
coasts include: barrier islands in the Canadian Beaufort Sea are less

common (Cannon, 1979; Short, 1979), c¢liff heights are higher in Canada than

Dobrocky
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in Alaska (Hartwell, 1973) and coastal mass-wasting processes appear to be

topographically controlled in Alaska (Harper, 1978a; Owens et al, 1981).

Process~related studies have documented alongshore sediment transport rates
along the Alaskan Beaufort Sea coast in the range of 2,000 - 5,000 m3/yr
(Wiseman et al, 1973) and observationg by Nummedal (1979) at Point Barrow
suggest that 5,000 m3 was transported in a single storm event. Multiple
recurved spits on offshore barrier islands support the ohservation that

sediment transport is predominantly storm-dominated.

Studies of barrier islands along the Alaskan Beaufort Sea coast have
indicated that thege islands are retreating in a south-westward direction
at rates in excess of 5 m per year (Figure 3.14). Short (1979) has
documented a westward migration of barrier islands in the order of 40 m/yr.
It is important to note, however, that the islands are maintaining the same
subaerial size, despite the rapid retreat. ' Reimnitz, (pers. comm. 1983)
h&s suggested that ice scouring in nearshore areas, where there is always
an onshore-directed sediment push, may be a significant process in
supplying offshore sediments to the island. This theory is supported by
observations of ice-push boulder piles in the Camden Bay area of the
Beaufort Sea (Barnes and Ross 1979). From observations on Byam Martin
Channel in the High Arctic, McLaren (1981) argues strongly that onshore
transport of sediment by ice is a significant component of the overall
sediment supply, and he notes that observations by Hume and Schalk (1967)

in the Alaskan Beaufort Sea support this contention.

The coastal process observations have important implications for artificial
islands and structures in the Beaufort Sea. -Barnes and Rosg (1979) note
that five to ten metres of erosion occurred on the Prudhoe Bay causeway
during a.few storm events and that almost half of an abandoned artificial
drilling island disappeared during the same storm. During one open water
season, the artificial island Niakuk had an estimated 30,000 m3 (30% of
total volume) of material eroded and reworked (Barnes and Ross, 1979;
Barnes and Reiss, 1982). Unnaturally steep design slopes may have
&
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contributed to the anomalously high transport rates. Sediment sample
surveys around the island suggest that gravel material was transported only

short distances from the island.

Storm surges have also been well documented for the Alagkan Beaufort Sea
coast (Reimnitz and Maurer 1979) and Chukchi Sea coast (Woodward=Clyde
Congultants, 1985). Measurements of storm surge elevations, using the log
debris line as an index of maximum water levels, indicate surge elevations
between 1.5 and ‘3.4 metres above mean sea level occurred during a 1970
storm event on the Beaufort Sea coast (Reimnitz and Maurer, 1979);
historical observations suggest that thisg storm surge was in the order of a
25 = 100 year event. Similar observations suggest that surges of 2 to 3
metres are common along the northern and central Chukchi Sea coast and are
up to 3.8 metres on the southern Chukchi Sea <coast (Woodward-=Clyde
Consultants, 1985). Significant across~lagoon observations were also
noted; a range of surge elevations from 0.9 to 3.0 meters over a few
kilometres indicates that surges may be very localized. Both reports note
that surges are associated with westerly winds and, as a result, west-
facing coasts appear to be undergoing more rapid retreat than are

east-facing coasts.

Other observations from the Alaskan Beaufort Sea pertinent to potential
development in Canada relate to ice interaction with the shore. Ice
ride-up is known to occur on the Alaskan Beaufort Sea coast and in some
cages has completely overriden barrier islands (Kovacs and Sodhi, 1980;
Harper and Owens, 1981) and at least in one case damaged shore structures.
Although the process is considered rare (Harper and Owens, 1981), it is
considered of sufficient concern to warrant emplacement of ice override

ramps at some artificial exploration islands.

A more gignificant concern is the role of ice in causing seabed scour near
the coast (Reimnitz and Kempema, 1982). Ice-wallowing, as the process has
been termed, leaves no scour depressionsg as in the offshore areas, and

therefore it is not possible to estimate return periods for the scour
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Figure 3.14 Examples of southwestward barrier island migration from the
Alaskan Beaufort Sea (from Reimnitz, Barnes and Melchior, 1977).
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events. Detailed bathymetric surveys suggest that ice~wallow scours may
extend at least 2 to 3 meters below the seabed in the nearshore (in 4 to 5

m water depths).

The distribution of permafrost on the coast and in the nearshore is not
well documented. Measurements of the frost-table on beaches near Peard
Bay, Alaska indicate that the frost table increases in depth throughout the
summer to a maxjimum of approximately 0.7 meters in the backshore and
1.4 metres near the waterline (Owens and Harper, 1977). Offshore
permafrost remains near the seabed (less than 5 m below the seabed) to the
two metre isobath where the sea ice changes from bottom-fast to land-fast.
Borings conducted by Osterkamp and Harrison (1976) indicate that ice~bonded
permafrost is as deep as 21 m below the seabed within 500 m from the shore

at Prudhoe Bay.
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4.0 METHODS

This section describes the methods used in developing new information ag
part of this project. Because there were no field studies conducted, new
information was developed from interpretation of existing data sources,

principally in terms of:
- coastal geomorphology

- coastal stability.

Methods used in developing (a) coastal morphology maps and the coastal data
base, and (b) coastal erosion or accretion rates are presented within the

following sections.

4.1 COASTAL MAPPING

A geries of coastal maps with associated computer data base were developed
from interpretatioﬁ of aerial photographs and aerial videotapes. A
descriptive classification system was used to categorize the physical
coastal resources. This system has been used in a wide variety of coastal
mapping studies, inc¢luding several for the arctic (Harper, 1981, Harper and
Sawyer, 1983; Harper et al, 1984; Owens, 1980; Owens et al, 1981) and has
recently been adapted as the Coastal Information System of the Geological
Survey of Canada (Forbes and Fricker, 1984).

4.1.1 Clagsification System

The Coastal Information System (CIS) uses a mainframe computer (Cyber-=178)
and data base system (System 2000) to catalogue coastal information into a
digital format. The entire Canadian shoreline is subdivided into 13
regions of which the Beaufort Sea is one. The coastline is further

subdivided into localities (or subregions) and each of the localities

%’W )
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is subdivided into segments (Table 4.1; Fiqure 4.1); segments are
typically in the order of 200 m to several kilometres in length. This
approach provides a rationale for systematically mapping the coastline into
manageable geomorphic units which are amenable to storing in a computer

data base.

Each segment can be further divided into zones (nearshore, foreshore
and backshore) and features can be mapped within each zone to document

detailed across=shore morphology and substrate types.

Other important aspects of the classification system are:

= coastline position data, where the ends of each segment are defined
by geographic coordinates,

- documentation data, which records the data sources used,

= environmental data, which includes information on wave exposure and
other oceanographic processes.

These data were originally intended to be entered directly into the
computer by the mapper using a menu—-driven data entry program. Although
the program was eventually developed for Dobrocky's in-house DEC PDP 11/34
computer, it was not available through much of the project and shore-zone
information was entered directly onto coding sheets (Table 4.2) and later

entered by a data entry operator.

Coastal morphology was characterized as either a cultural feature or
natural feature, and coastal substrates were characterized as either
cultural or natural as well (Table 4.3). A glossary was developed which
allowed computer codes to be entered, thereby minimizing data entry time,
but which allowed readable English to be output on hard copy tables (Table
4.4).

Although the coastal data base records a high level of detail, summary data
is required for maps to maintain a comparatively simple uncluttered map
format. For this reason a series of coastal types were defined after the
detailed mapping had been completed (see Section 5.1); these coastal types

repregsent a collection of coastal features and substrates that are

0
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Table 4.1 Geomorphic Subdivision of the Beaufort Sea Coastal Region.

COASTAL REGION

LOCALITIES

RUMBER OF
SEGMENTS

Beaufort Sea

1.
2.

4.
5.
6.

8.
9.
10.
11.
12.

Baillie Islands
Liverpool Bay

{Wood Bay)
Southeastern
Liverpool Bay

Eskimo Lakes

Western Liverpool Bay
Cape Dalhousie to

McKinley Bay

Tuktoyaktuk to

McKinley Bay

Kugmallit Bay

Richards Island

Central Mackenzie Delta
Southern Mackenzie Delta

Yukon Coast

50
61

3

108

70

141

85
248
120

27

85

&
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Table 4.3 List of Feature and Materials Terminology (after Forbes and
Fricker, 1984)

FEATURE TERMINOLOGY MATERIALS TERMINOLOGY
Cultural Cultural
BREAKWATER CONCRETE

BRIDGE GRAVEL

CABLE SAND

CAUSEWAY STEEL
CHANNEL, (with comvent RECITFIED in €224) WOOD

CRIBWORK

CULVERT

DAM

DOLPHIN

DYKE

EXCAVATION (including dredge chamnel, gravel pit, &)
FILL (including road or dump £ill)

FRAME (including shellfish culture or net frame)
HABITATICN

PIPE (including intake, outfall, pipeline)

PLANT (e.g. industrial, commercial, waste treatment, &c)
FIER

FAMP (launching ramp, haulup frame)

FRAD

WARF (dock, quay)

WALL (bulkhead, sea or retaining wall, revetment)

Natural Natural

BAR (type in c224: e.g. SWASM, LINEAR, CRESCENTIC, TRANSVERSE: ’;;;’D(?;gf‘a"'_‘;m)
also nurber: e.g. MULTLPLE LINFAR, 2 CRESCENTIC, &¢) . PEBBLE (2.d.64mm)

BARRICADE {boulder) COBRLE (64.Q:256mm)
BARRIER (BACKshore only; barrier crest) ) BOULDER {dy256mn)
REACH (NEAR, FURE, and BACKshore beachface) GRAVEL. (3>2rm)
BEACH=-RIDGE (BACKshore only) DIAMICTCN
BERM (beachface feature) PEAT
RLOCK=-FAILLURE WooD
CAVE, ICE
CHANNEL, (FOREshore feature if tidal inlet or estuarine ) 200K

! channel, BACKshore if stream, gully, or washover
CLIFF (with maximum height within segment in ¢227)
CLUSTER (boulder)

CUSP (beachface feature)
DEBRI S—CONE

DELTA {fluvial)

{XNE (aeclian)

EBB~DELTA (tidal)

ESTUARY

FAN (alluvial or delwis-flow)
FJORD

FLAT (tidal or supratidal surface)
FLOOD-DELTA (tidal)
FLOOD-PLAIN (£luvial)
LAG-SHOAL

LAGOON

LOW-TIDE-TERRACE

MARSH

MUDFLOW

QUTCROP (rock)

PLATFORM

REEF
RETROGRESSIVE-THAW-FAILURE
FOTATICNAL~FAILURE

SILOPE

STACK

TALUS

TERRACE (low-tide, alluvial, &c)

mﬂ%ﬁxﬁdou than 1 m thick) WK;‘
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repetitive from segment to segment. As such, coastal types represent a
generalization of the more specific map data. 1In addition to the coastal
types, the following features were noted directly on the shore-zone

character maps:
= longshore transport directions,
= the location of ground ice slumps or retrogressive thaw failures,
- storm log debris lines,
= permanent inlets or ephemeral inlets, and

- sgegment identification numbers to key map segments to the computer
data base.

This information provides a sufficient level of detail for use on 1:50,000

scale maps without creating clutter.
4.1.2 Dpata Sources

In addition to those sources cited in Section 3.0, several other sources
were used to provide coverage of the entire Beaufort Sea coastline. These
include:

- aerial videotapes collected by the Geological Survey of Canada during
July of 1984, ‘

~ aerial videotapes collected by Dome Petroleum Ltd. during August 1980
and September 1981,

= National Air Photo Library aerial photographs from the 1950's and
1970's, and

- aerial photos collected by Gulf Canada Resources Ltd. during 1982.

The aerial videotape coverage is schematically illustrated in Figure 4.2.
The imagery was collected at altitudes of less than 200 m (Owens, 1982)
and as such provides a high level of detail of shore-zone character.
Features the size of boulders are usually easily resolved. A commentary
on the audio sound-track provides additional detail on sediment size
characteristics and on shore-~zone width and cliff heights. The aerial

videotape imagery provided the primary mapping source.
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The vertical aerial photographs (Figure 4.3) were used where no videotape
imagery existed. The scale of the vertical photographs (approx. 1:60,000)
limited the amount of morphology and substrate detail that c¢ould be

derived from them.
4.2 COASTAL STABILITY ESTIMATES

Coastal erosion and accretion was estimated by comparing similar distances
on 1950's and 1970's air photographs (Figure 4.3). A magnifying (10x)
optical comparator, readable to 0.1 mm, was used to measure the distances.
On two comparative photographs a geographically common inland point was
selected and in most cases, distances perpendicular to the coast were
measured to the cliff top, cliff base, and waterline. The measurements
were used to calculate annual coastal erosion or accretion rates for the
approximate twenty year period. The final erosion estimate obtained from
a particular location was derived by averaging the rates of the cliff top
and base; these were considered to be the most reliable estimates of
coastal stability. If the measurements to either the cliff top or hase
were not recorded, then only the one measurement was used to calculate the
final retreat rate for that location; if neither was recorded, the

waterline rate was used (Appendix 1).

Some deviations from these procedures occurred. In a few cases it was not
possible to align the measuring scale perpendicular to the coastline on
both photographs where erosion had altered the coastline orientation. In
these cases, the magnifying scale on the later photos was aligned to
approximate the measurement angle on the early photographs. Measurements
were not recorded where restrictions such as snow, indistinct cliff edges,

or poor resolution were encountered.

Tests were undertaken to assess measuring error and photographic
distortions. An estimate of variance was conducted to test for measurment
accuracy. Distances to the c¢liff top, cliff base, and waterline were
measured three times for ten locations. The variance was consistantly

less than 1%. A simple range test was conducted to evaluate photographic

%” )
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distortion. Distances were measured acrogs ten random inland lakes on the
1:50,000 maps, the 1950's, and 1970's photographs. The range error
between the photographs and maps was less than 10% for all but one
measurement (less than 15%); this higher range value was accounted for by
the fact that the line delineating a lake is 0.3 mm thick and that
features on maps are generalized when transferred from photographs. The
range error between the photograph sets was consistantly less than 5%
indicating that the effect of photographic distortion on this measurement

technique was acceptable.

Individual measurement locations and rates of change are indicated on the
1:50,000 scale morphology maps. Summary maps used only those values for
locations on the outer coastline (i.e, Figure 5.18). Measurements
published by McDonald and Lewis (1973) are not included in the Appendix
but are indicated on the summary maps. Unpublished measurements made by
C.P. Lewis using an overlay method were calculated to determine annual
retreat rates for the Tuktoyaktuk and McKinley Bay areas (Appendix 1).

Averages were calculated for 25 km segments and the 12 localities.
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5.0 RESULTS

The entire coastline of the Beaufort Sea from the Alaskan/Yukon border to
Cape Bathurst was mapped on 1:50,000 scale maps, with a few exceptions, and
resource information entered into the computer data base. The extent of
mapped area is illustrated in Figure 5.1, Approximately 2,500 km of
coastline and 1,000 segments were recorded (Section 5.1). Each segment
represents an average of four to five coastal features in the data base and
the average length is approximately 200 m. Over 1,000 coastal stability
measurements were made as part of this study and these were combined with
previous measurements by McDonald and Lewis (1973) to provide a
comprehensive assessment of coastal stability in the southern Beaufort Sea
(Section 5.2). Information on concurrent nearshore wave climate studies
(Philpott, 1985) and previous coastal process studies (Section 3.0) are
used to develop coastal dynamics models for the Canadian Beaufort Sea

(Section 5.3).

5.1 COASTAL MORPHOLOGY

5.1.1 Definition of Coastal Types

On completion of the coastal mapping phase, coastal segments were reviewed
for repetitive sequences of across—shore components. An example of a
repetitive sequence is: narrow gravel beaches backed by erosional, high
ice~rich cliffs. Such a sequence is then defined as a repetitive coastal
type. Six repetitive coastal types are defined for the study area (Table
5.1): these types categorize the entire shoreline and because they were
defined after the mapping was completed, they represent a generalization of
gite specific data. Two coastal modifiers, commonly occuring features and
groups of features that are associated with more than one coastal type, are
also identified. Examples of these coastal types are illustrated in
photographs (Figure 5.2 to 5.9).
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Table 5.7 Description of Coastal Types and Modifiers

EROSIONAL COASTAL TYPES

Ice Poor Cliffs - coastal cliffs, usually low to moderate relief fronted
by narrow beaches (< 15 m) of sand/gravel material; mass-wasting dominated
by debris slides and surface wash erosion; cliff materials usually sands or
gravelly sands capped by peat; moderate to low retreat (< 1 m/yr).

Ice-Rich Cliffs ~ coastal cliffs, usually moderate to high relief
(5 -~ 15 m) fronted by narrow gravelly sand beaches; upper cliff sections
typically show retrogressive thaw failures indicating ice-rich material;
mudflows from failures frequently flow across beaches; retreat rates are
moderate (0.5 to 1.0 m/yr).

Low Tundra Cliffs - low coastal cliffs (< 1 m relief) fronted by narrow
sand or sand and gravel beaches; c¢liffs commonly show a veneer of sediment
on tundra; log lines common landward of cliff edge; retreat moderate to
high (1 to 2 m/yr).

Inundated Tundra - submerged tundra extending into nearshore and
foregshore areas; low relief areas from highly crenulated coastlines;
beaches are narrow to non-existent although wide intertidal and subtidal
flats commonly found in association; organic-rich areas common; high
coastal retreat. '

ACCRETIONAL LANDFORMS

Barrier Beaches and Spits - sand to gravelly sand barrier beaches of
variable width depending on wave exposure (widths 20 - 200 m); wider spits
usually associated with high wave exposure; multiple recurved spits cause
local width increases; relief low (< 1.5 m); with lagoons and/or estuaries
which commonly contain a wetland fringe; dunes are rare; spit stability
determined by retreat of anchoring headlands; barrier islands comparatively
stable.

Intertidal Flats, Wetland and Channel Complexes - usually associated with
deltas; flats are typically very wide (up to several kilometers) and
comprised of sands, muddy sands and/or organics; commonly low erosional
scarp cut into peat at or near the high water line; coastlines are complex
and highly crenulated with flats on the outer coast, and channels and
wetlands to landward.

COASTAL MODIFIERS

Multiple Nearshore Bars/Flats - low gradient nearshore areas; usually
sandy; often with multiple 1low amplitude nearshore bars; commonly
associated with low wave exposure areas.
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Figure 5.2 Photograph of ice~poor cliffs near the Running River, Yukon Territory.
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Pigure 5.3 Aerial photograph of ice-rich cliffs, southwest of Tuktoyaktuk.
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Figure 5.4 Photograph of low tundra
cliffs at Komakuk Beach, Y.T.
These cliffs are common in
areas of the Tuktoyaktuk
Peningula in loecally in
other gections of the coast.

Figure 5.5 Photograph of inundated
tundra to the northeast of
Tuktoyaktuk, typical of areas
found on the northern end of
the Tuktoyaktuk Peninsula.
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Figure 5.6a Photograph of a sandy barrier spit near the Spring River,
YIT.

Figure 5.6b Photograph of a gravelly sand barrier spit (Kay Point Spit)
on the Yukon Coast.
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Figure 5.7 Photograph of a flat-marsh-channel complex from the Blow
River.

Pigure 5.8 Details of marsh-mudflat complex (Babbage River, ¥Y.T.).
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Figure 5.9 Photograph of a retrogressive thaw failure (originally defined
as ground-ice slump by Mackay, 1966). Note vertical ice wedges
and horizontal massive ice beds.
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5.1.2 Digstribution of Coastal Types

The occurrence of coastal types by locality (or subregion) is summarized in
Table 5.2. It is evident that erosional coastal types comprise the
majority of the coastal areas mapped (63%). Of the remaining 37%, the flat
channel~wetland complex comprises 18% and stability analyses show that even
much of this apparently accretional landform is undergoing rapid coastal
retreat. It is also important to note that barrier spits and islands,
which are accretional landforms, may still be undergoing rapid retreat,

particularly where anchoring headlands are undergoing retreat.

Ice=-poor c¢liffs are most common along western Liverpool Bay, the western
coast of the Tuktoyaktuk Peninsula and parts of Richards Islands (Figure
5.10). Ice~rich cliffs occur locally throughout the study arxea but are
common along the eastern shores of Liverpool Bay and along the Yukon coast.
{({Figure 5.11). Low tundra cliffs are most common on the western coast of
the Tuktoyaktuk Peninsula, particularly at the north end near Russell
Inlet (Figure 5.12). Inundated tundra is commonly associated with low
tundra cliffs and is most frequently found along the northeast coast of the
Tuktoyaktuk Peninsula (Figure 5.13).

Accretional landforms also occur throughout the study area, but are not
common. Barrier spits and islands frequently occur in association with
eroding tundra cliffs; they are common along (a) the northeastern shore of
Liverpool Bay, (b) the west central portion of the Tuktoyaktuk Peninsula
and (c) west of Herschel Island (Figure 5.14). The flat-wetland-channel
complexes are principally associated with the modern Mackenzie River delta
(Figure 5.15).

Coastal modifiers may be associated with any of the coastal types although
miltiple bars and flats typically occur in association with the ice-poor
tundra cliffs and low tundra cliffs whereas the retrogressive thaw failures
occur almost exclusively with ice~rich cliffs. Distributions are
illustrated in Figure 5.16 and 5.17,

%’”" )
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Table 5.2 Occurrence of Coastal Types and Modifiers (kilometers)

LOGALITY!

Coastal Type 1 2 3 5 6 7 8 9 10 11 12 TOTAL
Ice poor cliffs 37 14 28 74 64 9 21 67 20 - 70 404 (19%)
Ice rich cliffs 77 57 54 66 - 1 4 26 36 = 83 405 (19%)
Low tundra cliffs 1 8 - 1 144 50 31 27 3 - 18 283 (14%)
Inundated tundra 4 3 - 19 40 42 16 18 8 - 10 161 ( 8%)
Barrier spits

islands 58 34 5 ) 36 104 23 39 30 - 87 422 (20%)
Flat, wetland,

channel complexes 4 17 =« - - - 4 4 216 128 31 403 (19%)
Coastal Meodifier
Multiple bars,

flats 21 25 82 116 131 139 5 64 - - 7 590 (28%)
Active

retrogresgive - 3 1 2 - - 1 6 5 - 13 31 ( 2%)
Stable thaw

failures - 3 10 16 - - 2 6 9 - 6 53 ( 3%)
TOTAL COASTLINE

MAPPED 180 133 87 165 285 205 98 183 314 128 299 2077
UNMAPPED2 24 3 46 32 254 166 1 526

see Fiqure 4.1.
1 1o videotapes available and airphotos not of sufficient resolution for mapping.
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The coastal types are mapped in detail on the 1:50,000 scale maps included
in Appendix 2. BAn example of the legend and map format is included in
Figures 5.18. The reader is referred to these maps for information on

specific coastal sites.
5.2 COASTAL STABILITY
5.2.1 Coastal Change Measurements

A total of 989 new coastal stability measurements were made in the study
area; each individual measurement is illustrated on the coastal morphology
maps (Figﬁre 5.18) and details of the measurements (air photo numbers, rate
of change of cliff edge, cliff base) are listed in Appendix 1.

The c¢oastal stability measurements are summarized by locality (outer coast
measurements only) in Table 5.3 and schematically illustrated in Figures
5.19 and 5.20. It is emphasized that these measurements are converted to
an annual retreat rate to assist in comparisons; year to year coastal
retreat probably will vary significantly from these longterm estimates as a

regsult of episodic storm effects.

The results indicate that the gtudy area is undergoing wide-spread retreat
with single point measurements in excess of -18 m/yr. Surprisingly, the
active areas of the Mackenzie Delta show the highest rate of retreat
averaging from =-2.1 to =-6.1 m/yr (Localities 10 and 11; Figure 5.19).
These rates of retreat in the delta are consistent with retreat rates
measured in 1976 and estimated from heat flow measurements (Hollingshead et

al, 1978).

The most stable areas are those around Richards Island, where average
positive changes have occurred over the twenty-year photo interval (Figure
5.20). The Liverpool Bay coastline show high rates of retreat despite
relatively low wave exposure. The outer coast of the Tuktoyaktuk Peninsula
is undergoing moderate retreat with the exception of the Tuktoyaktuk area
itself where mean retreat is in the order of =2.0 m/yr with individual

values up to =-16.5 m/yr. The Yukon c¢oast appears stable, but in fact,

these retreat rates represent comparatively very high sediment erosion #W‘ z&i
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Table 5.3 Ccastal Stability Measurement Summaries

Mean Maximum
Rate of Change Rate of Change
Locality (m/yr) {m/yr)
1 nm* -
2 ""1-1 "'"3!8
3 -102 "7-2
4 -0.9 ~2.9
5 -0.8 -4.1
6 " =0.5 ~1.5
Tk -1.1 -6.1, +6.3
8 -2.0 -16.5
9 -0¢3 -5.9’ +4'9
10 -2.1 -12.5
1" =6.1 ~-28.6
12%*%% =0.6 -5,3, +11.3

Number
of

Measurements

15
29

31

11
128
143
222
120
127
156

® nm - no measurements
** jncludes unpublished data from C.P. Lewis
**% jincludes data from McDonald and Lewis (1973)

.
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rates because the cliffs are so high. Implications of the rapid coastal

retreat are discussed in Section 6.0.
5.2.2 Coastal Mass-Wasting Features

Changes in coastal mass-wasting morphologies, particularly retrogressive
thaw failures, were documented at ten selected sites over the twenty-year
photo interval (1950 to 1970). Qualitative comparisons were also made
using the 1984 videotapes. Examination sites are indicated in Figure 5.21

and data are summarized in Table 5.4.

In 9 of the 14 (64%) active retrogressive failures examined, the headwall
scarp moved landward at an average rate of 1.7 m/yr (maximum measured rate
-4.6 m/yr). Four of the 14 failures (29%) showed no change in headwall
position but showed reactivation surfaces lower in the failure. One

retrogressive failure did not change over the 20 year photo interval.

Ten of the 14 failures showed significant toe retreat (average toe retreat
-1.5 m/yr) whereas three of the failures showed significant accretion
(average toe accretion 4.0 m/yr). Implications of these measurements are

discussed in Section 6.0.
5.3 COASTAL PROCESSES

The purpose of this section of the report is to summarize relevant points
from a concurrent numerical model study of theoretical sediment transport
processes in the southern Beaufort Sea (KPCL, 1985b). Neither the final
nor draft report were available at time of writing and results are

summarized from an interim report (KPCL, 1985b).

The numerical analysis by KPCL (1985b) involved the hindcasting of ten
years of wave data for two offshore (deepwater) stations, one in the
eastern Beaufort Sea and one in the western Beaufort Sea. Wwaves were

refracted to shore to produce "nearshore" wave climates for seven coastal
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Table 5.4 Rates of Change of Retrogressive Thaw Failures

Location Shorezone Years of Rate of Headwall Rate of Toe Position

Number {Map-Unit) Change Notes Change (m/yr) Change {(m/yr}
1 {9-61) 18 reactivated N/A -0.2
2 {10-59) 18 reactivated “N/A +1.3
3 {11-58) 18 reactivated N/A +7.4
4 {14-42) 18 reactivated N/A +3.2
5 {15-28) 18 active headwall retreat

and toe erosion -0.2 -3.0
6 (16-25} 18 active headwall retreat

and toe erosion -2.9 -0.9
7 (17-24) 18 active headwall retreat

and toe erosion -1.7 -1.2
8 {17-21} 18 active headwall retreat

and toe erosion -2.4 -0.8
9 {18-17) 18 active headwall retreat

and toe accretion -4.6 +0.3
10 {47-61) 23 active headwall retreat

and toe erosion -1.0 -2.5

¥



HO3ALVYIAS
Aypoacioq

Table 5.4 {continued)}

Location Shorezone Years of
Numbex {Map~-Unit)} Change
11 {48-3) 24
12 {48-6) 24
13 (59-197) 24
14 {59-193} 24

Rate of Headwall
Notes Change (m/yr)

Rate of Toe Position
Change {m/yr)}

no change 0

active headwall retreat
and toe erosion -1.7

active headwall retreat
and toe erosion -0.1

active headwall retreat
and toe erosion ~-0.3

-1.7

SL
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locations. The nearshore wave climate was subsequently used to estimate
sediment transport rates, based on numerical models of transport rates as a
function of <coastal slopes, nearshore sediment size, and wave

charactertistics. A comprehensive discussion is provided in KPCL, 1985a.
5.3.1 Longshore Transport

Sediment transport rates, based on model results (KPCL, 1985a), for five
sites along the Beaufort Sea coast are listed in Table 5.5 (sites

illustrated in Figure 5.22).

In general, computed transport rates appear extremely high in comparison to
previous observations (e.g. Wiseman et al, 1973; Nummedal, 1979), however,
fetches on the Alagkan coast, where observations were made, are less than
the Canadian Beaufort Sea coast. Comparison of results at Stokes Point
from similar, although independently derived, models (W.F. Baird and
Associates, 1983) suggest maximum net transport rates in the order of
100,000 to 500,000 m3/yr to the east and the west (i.e. a divergence
point exists at Stokes Point). A similar analysis for Atkinson Point
indicates net transport rates in the range of 26,000 to 37,000 m3/yr
(Readshaw, 1982). For the 8Stokes Point analysis, the KPCL approach
computes nearly order of magnitude lower rates with significantly different
trangport patterns than that of W.F. Baird and Associates. In the case of
Atkinson Point, the KPCL analysis produces rates nearly a factor of three

higher than the Baird analysis.

In another independently computed sediment transport estimate, Forbes
(1981) computed sediment transport rates of approximately 22,000 m3/yr
for Kay Point spit (as compared to 40,000 to 50,000 m3/yr in the XPCL
approach; Table 5.5).

The differences are discouraging in that approaches represent tested
state-of-the-art analyses, yet produce widely divergent results. Analyses
appear to be extremely sensitive to hindcasting effects, refraction

effects, nearshore slope assumptions and bottom roughness factors.
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Table 5.5 Computed Longshore Sediment Transport Rates for Beaufort Sea

2.

Coastal Sites (from KPCL, 1985b)

Site

S5tokes Point

Kay Point Spit

King Point

North Head

Atkinson Point

Gross Transport

Rate (M3/yr)

Net Transport

Rate (M3/yr)

Net

Direction

32,000

43,000~ 50,000

27,000~ 32,000

51,000~109,000

127,000-139,000

20,000~ 32,000

43,000~ 50,000

9,000
3,000

50,000~108,000

92,000-121,000

to

to

to
to

to

to

sW

E

NE

g’ 6,
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An independently derived estimate of transport at King Point provides a
qualitative verification of transport rates. Gillie (1985) estimated a total or
gross sediment transport rate of 20,000 to 40,000 m3/yr at King Point based on
historical accumulation rates in the King Point spit; approximately 75% of this
material is assumed to be derived from the northwest with an additional 25%
derived from the southeast. These estimates provide gqualitative support for the
computed rates (Table 5.5). A more comprehensive sediment transport study is
proposed for King Point during the gummer of 1985 to verify modelling

approaches.
5.3.2 Nearshore Sediment Transport

Little is known about the on-offshore transport of material along the Canadian
Beaufort Sea coast, although numerical model results (KPCL, 1985b) provide
insight into the width of the transport zone. The analyses suggest that the
major portion of longshore sediment transport take place inside the 5.0 m
isobath. While this depth does not represent the limit of sediment transport it

does provide an index of the zone of transport related to waves alone.
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6.0 DISCUSSION OF RESULTS

6.1 REGIONAL COASTAL MORPHOLOGY

The coastal mapping program portion of the project revealed two significant
trends with respect to the regional coastal morpholeogy of the Beaufort Sea.

These are:

(1) the Beaufort Sea coastal zone is dominated by erosional coastal
landforms (60%); an additional 19% of the coast is comprised of delta
complexes, which are classically considered accretional landforms, but
in the Beaufort Sea are typically undergoing significant erosion.

(2) terrestrial ice, including pore ice and massive ice, is important in
influencing morphology and coastal stability along much of the coast.

These conditions are discussed in more detail in the following sections.

The wide-spread distribution and predominance of erosional landforms
indicates that more material is being eroded from the coast than is
deposited along it with the result that erosional landforms predominate.
Of the 20% of accretional landforms that occur regionally, a large
proportion occur along the western Beaufort Sea coast, emphasizing the
imbalance of erosional landforms, on most of the eastern Beaufort Sea

coast.

The predominance of erogsional landforms in the Beaufort Sea and the
presence of terrestrial ice in coastal sediments are related. Terrestrial
ice is dramatically obvious along ice rich cliffs (19% of the coast) and
probably very significant along low tundra c¢liffs, inundated tundra and
delta complexes {(an additional 41%). The net effect of the high ice
contents in the coastal sediments is that a significant component of the
tundra surface (up to 70% by velume for low cliffs; Sellman et al, 1975) is
comprised of ice., This erosion of a cubic metre of "material" from the

coagt may produce only a small quantity of gediment that is then available

2.
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It is probably more appropriate to consider the erosional coastal types,
which comprise 80% of the total coast, as melting away rather than as
eroding away. The presence of terrestrial ice in Beaufort Sea coastal
sediments therefore significantly contributes to the regional predominance

of erosional landforms.

Recent sea level rise may be an additional factor contributing to the

dominance of erosional landforms and is discussed within Section 6.4.

The long linear barrier islands of the western Yukon coast are anomalous in
comparison with the remainder of the Beaufort Sea coast. They are
accretional landforms and are known to be relatively stable in position.
Over the 20 year period between air photos, they showed few changes such as
the formation of new inlets or washovers, which suggests they exist in a

dynamic equilibrium.

The absence of an obvious sediment supply to these barriers is also of
interest. Many of the barriers have rivers draining into the lagoons
landward of the barrier but there does not appear to be a mechanism to
transport coarse material through the lagoon to the barrier. There is the
additional question of why the lagoons have not filled with sediment over
the past 5,000 years when sea level reached near present position (Forbes,
1980) .

A possible source for the gravelly sand material found in the barrier
islands is offshore. The material may be moved onshore by wave action
and/or ice push. Reimnitz (pers. comm., 1985) has suggested that the
latter process is important in Alaskan barrier island formation and it is
assumed to be the dominant mechanism for moving material onshore in the
western Beaufort Sea, given the comparatively low wave exposure along this
section of coast. The process is discussed more completely in Section
6.4,

£
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6.2 COASTAL STABILITY

The coastal landforms indicate a significant proportion of the coast is
eroding, The coastal stability measurements indicate that not only is the
coast undergoing regional retreat but that the retreat rates are extremely
high. Mean rates of retreat for large coastal segments are for the most
part in excess of 1 m/yr and most of the active Mackenzie Delta appears to

be retreating at greater than 2 m/yr.

The observation that the active delta areas are retreating very rapidly is
surprising because active deltas normally prograde rather than retreat. A
large amount of sediment is supplied by the Mackenzie River to the delta,
and it is thought that most of this is deposited in shallow water near the
delta front (Harper and Penland, 1982). Over the long~term one would
expect that this process would lead to the progradation of the delta

front.

Two other observations about the coastal stability are of note: (1) the
North Head area of Richards Island is one of the most stable coastal areas
and (2) the coastal areas of Liverpool Bay have comparatively high rates of
retreat considering the low wave exposure. The comparative stability of
the North Head area appears to be due to the depogition of fine material
advected to the area by Mackenzie River plumes (East Channel and Main

Channel plumes). Material is deposited in the form of wide mudflats.

The comparatively high regional retreat rates in Liverpool Bay are
surprising in that wave exposure is low and a large proportion of the coast
consists of "ice-poor ¢liffs". The high rate of retreat suggests that many
of the cliffs that displayed an "ice=poor" morphology may in fact be
"ice=rich" and therefore subject to thermal erosion; field reconnaissance

is required to resolve this question.
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6.3 COASTAL SEDIMENT TRANSPORT

Results from the numerical modelling studies (W.F. Baird and Associates,
1983; KPCL, 1985b) are of gquestionable use. The value of 20,000 to 40,000
m3/yr gross longshore transport, derived from air photo analysis (Gillie,
1985), provides an estimate of transport rates along the Yukon coast. This
estimate nearly agrees with numerical model results (XPCL, 1985b); however,
comparable model results for other areas are widely divergent (e.g. see
Section 5.3.1).

The model results are useful for indicating where sediment transport is
likely to occur. The results essentially indicate that most longshore
transport due to breaking waves occurs in water depths less than 4 to 5 m.
Other computations show that seaward of the 5 m contour, coarse sand
material would be suspended less than 20% of the time (Harper and Penland,
1982). As such, most coarse sediment transport (coarser sand and gravel)

is likely to be confined to longshore transport events near the coast.

In summary, the following concepts appear valid:

(1) short-term, high energy storm events are responsible for most coastal
sediment transport in the Beaufort Sea.

(2) coarse-~grain transport is restricted to a comparatively narrow band
along the coast (<5 m).

(3) the general absence of offshore bars and presence of many s&mall
barrier spits suggests that longshore transport is more important than
on~of fshore transport with respect to coarse-grain transport.

6.4 CONCEPTUAL MODELS

The previous discussions provide the basis for formulation of models of
coastal processes in the Beaufort Sea. The following observations must be

accomodated by the models:

(1) the Beaufort Sea coast is undergoing wide-spread regional retreat.

£
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(2) even active deltas, which normally undergo progradation, are
retreating rapidly.

(3) coarse-grain sediment transport is confined to a narrow band near the
coast and is dominated by alongshore transport rather than on-offshore
transport.

{(4) Dbarrier islands on the western Yukon coast are stable with no apparent
sediment source.

As mentioned previously (Section 6.1), the presence of significant
quantities of terrestrial ice in coastal sediments contributes to the net

sediment deficiency (i.e. the coast is melting, not eroding).

There is also circumstantial evidence that a relative sea level rise (or
regional subsidence) is occurring in the Beaufort Sea. Circumstantial
evidence includes: tide gauge data from Tuktoyaktuk (Figure 3.6), the rapid
retreat of active delta areas of the Mackenzie River and the absence of
significant infilling of lagoon gystems along the coast, particularly those
of the western Yukon coast. The observations all point to a relative rise
in sea level along the coast although this theory remains speculative at

present.

During a normal transgressive sequence (Figure 6.1a), erosion of material
in the backshore results in a lessening of offshore gradients that in turn
lowers wave energy at the coast. The process results in a diseqguilibrium
initially (i.e. the c¢liff formation) that eventually adjust to an
equilibrium where a lower offshore gradient causes a reduction in wave
energy at the coast; the reduced wave exposure results in a relatively
stable coastal position (i.e. sediment supply balances losses and sediment

transport is minimal).

On the Beaufort Sea coast, the presence of terrestrial ice in coastal
sediments means that little material is supplied to the offshore and
nearshore gradients are not lessened even though rapid coastal retreat is
occurring (Figure 6.1b). The procegs is grossly simplified in Figure 6.1

but probably represents the most reasonable explanation for the wide=-scale

%f )
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NORMAL COASTAL TRANSGRESSION

BEAUFORT SEA COAST

Fiqure 6.1 (a) In a normal transgression, erosion of backshore material
leads to deposition in the nearshore and a lowered c¢oastal

gradient.
(b) In the Beaufort Sea, a relative sea 1level rise and

terregtrial ice.
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Terrestrial ice in coastal sediments and a possible relative sea level rise
are concluded to be the critical factors causing the regional coastal
retreat. A specific model is presented for localized processes at
erosional coastal sites (Figure 6.2). The coast is eroding due to high ice
content and the possible sea level rise. Fine material is lost offshore
and does not contribute to reducing the nearshore gradient. Additional
thaw subsidence at depth may also contribute to the maintenance of a high
coastal gradient. Coarse material is transported primarily alongshore and
accumilates in barrier spits or baymouth bars. As the coastline retreats a

thin veneer of coarse sediment remains on the seabed as a sand~gravel lag.

A second model is required for the western Yukon coast, where extensive
barriers exist (Figure 6.3). Braided streams supply sediment to lagoon
systems, but that is not the source of material for the barriers. The wave
action is not congidered of significant magnitude to transport offshore
sediments onshore. Instead ice push against the shore is assumed to result
in a net onshore gsediment transport. There is evidence for such a process
occurring in other areas of the arctic (Barnes and Ross, 1979b; McLaren,
1982).

In this model, it is also assumed that a relative rise in sea level is
occurring and the barrier islands represent a transgressive sand envelope
migrating over the submergent tundra surface. The sea level rise closely
approximates or exceeds sedimentation rates in the lagoons so that the

lagoons are not infilled by river runoff.

These two models provide end members of a continuum of processes occurring
on the Beaufort Sea coast, and, although they are not adequate to explain
all details for specific coastal segments, they do provide a basis for
characterizing coastal processes regionally. The models are also important
in identifying areas requiring additional research. These include
questions about (a) relative sea level rise in the Beaufort Sea, and (b)

the significance of ice in sediment transport.
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MODEL 1

Piqure 6.2 Conceptual model for coastal processes along most sections
the Beaufort Sea coast. Melting of ice 1in the coastal
sediments contributes to the steepening of the nearshore
gradient (indicated by downward arrow), coarse sand and gravel
is transported primarily alongshore and is deposited in barrier
spits or beaches and fine material is transported offshore in
suspension. The net result is a rapidly retreating shore with

ephemeral accretional sediment deposits (beaches and barrier
aspits).
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MODEL 2

Figure 6.3 Conceptual model for coastal processes along the western
Yukon coast. The main component of sand and gravel sediment in
the barrier islands is supplied by offshore ice push. Lagoons
are prevented from infilling by a possible relative sea level
rise.
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6.5 REGIONAL DESCRIPTION OF COASTAL ENVIRONMENTS AND APPLICATION OF MODELS
6.5.1 Locality 1, Baillie Islands

This section of coastline is dominated by erosional landforms, primarily
ice=-rich c¢liffs (43%) and ice=-poor cliffs (20%). Barrier spits (32%) are
supplied with material by longshore transport. There are no coastal
stability measurements for this section of coast due to the lack of 1970's
aerial photographs; it ig inferred from the morphology, however, that the
coastline is retreating at rates in the range of -1 to =2 m/yr. The high
proportion of erosional coastal landforms, particularly ice-rich c¢liffs,
indicates that Model 1 (Fig. 6.2) most appropriately describes the dominant

coastal processes of the area.
6.5.2 Locality 2, Liverpool Bay (Wood Bay)

As in the area immediately to the north, this locality is also dominated by
erosional landforms with 43% comprised of ice=-rich tundra cliffs and 11%
comprised of ice-poor tundra cliffs. Sediment transport is dominated by
offshore transport of fine material and longshore transport of coarse
sediments, which are deposited in the form of barrier spits (26%). Only a
few coastal retreat measurements have been made in this locality and they
indicate a mean coastal retreat rate slightly greater than -1 m/yr. Model
1 is appropriate to this section of coast and characterizes most of the

significant coastal processesg.
6.5.3 Locality 3, Southeastern Liverpool Bay

As in other portions of Liverpool Bay, this area is dominated by low
relief, erosional landforms; the major component is comprised of ice=-rich
tundra cliffs (62%) with an additional 32% comprised as ice-poor cliffs.
Accretional landforms are almost totally absent (<6%). Coastal retreat
rates are in the range of =1 to =2 m/yr, with maximum documented retreat in

excess of =7 m/yr. The almost complete lack of depositional landforms
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suggests that Model 1 is appropriate for this section of coast and also
that there is very little coarse sediment in the coastal cliffs (i.e. the
ice melts and the remainder of the coastal sediment is primarily fine and

lost offshore).
6.5.4 Locality 4, Eskimo Lakes

No coastal mapping was conducted in this area, although the Lakes were
geparated out as a separate locality to accomodate future mapping efforts.
The few coastal retreat measurements that were made near the entrance to
the Eskimo Lake suggest typical retreat rates in the range of -1 m/yr, and
it is probable that Model 1 applies to much of the Eskimo Lake shoreline.

6.5.5 Locality 5, Western Liverpool Bay

This locality on the eastern sghore of the Tuktoyaktuk Peninsula is also
dominated by erosional coastal landforms (85%) with approximately
equivalent proportions of ice-rich and ice=poor tundra cliffs (40% and 45%
respectively); inundated tundra coasts comprise an additional 10%. Barrier
spits are short in length and rare (<4%). Over 30 coastal retreat
measurements indicate average coastal retreat in the =1 m/yr range with
maximum measured rates in excess of =4 m/yr. A large proportion of the
coast is fronted by intertidal to subtidal flats with multiple bar systems.
The morphology suggests that Model 1 applies to this coast but that the ice
contents are lower than in other areas, preventing offshore thaw
subsidence. The wide (0.5 to 1-km wide) wave-cut platforms are

characteristic of low-wave-exposure coastlines.
6.5.6 Locality 6, Northern Tuktoyaktuk Peninsula

This shoreline is characterized by extensive embayments and very low
relief. Over 85% of the shoreline is characterized by erosional coastal
landforms. Low tundra cliffs, ice~poor cliffs and inundated tundra (51%,

22% and 14% respectively) are the dominant erosional shoreline types with
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barrier spits comprising an additional 13%. Unfortunately no retreat
measurements were made in this locality due to the lack of sequential air
photos, but the morphology suggests that this coast is undergoing very
rapid coastal erosion (>2 m/yr?). Model 1 is appropriate to this locality
in that shores are primarily erosional and barrier spits are the only
accretional 1landform and are supplied with material from longshore
transport. The highly crenulated shoreline in the embayments suggest that
retreat is dominated by thermo-erosion and transport of fines, probably
organics, offshore. Wave-cut intertidal flats with multiple bar systems

are common within many of the embayments.
6.5.7 Locality 7, Central Tuktoyaktuk Peninsula

This section of the coast represents one of the most complex in terms of
variety of landforms and is also the most highly developed, with major
offshore support bases at McKinley Bay and Tuktoyaktuk. The proportion of
accretional and erosional coastal landforms is near equal (51% to 49%
respectively). Barrier spits are the major accretional coastal type and
low-tundra cliffs (24%) and inundated tundra (20%) are the most common
erosional types. The barrier islands are mostly sandy and usually the
gsediment source is readily apparent in the form updrift, eroding cliffs.
Intertidal and nearshore flats with bars are common throughout the area

(68% of the shoreline).

Coastal stability measurements indicate an average retreat rate for the
area of approximately -1 m/yr, although there are documented accretion

rates of up to 6 m/yr and erosion rates of about -6 m/yr.

This locality has a higher proportion of accretional landforms (barrier
spits) than do most other localitiez, but Model 1 is still considered most
appropriate; all of the accretional features are derived from longshore
transport of sand and gravel eroded from the coastal cliffs -~ there is no
apparent offshore contribution of sediment. The major empayments along the
coast appear to be locations of topographic lows in the landscape and as

such are likely to have higher cliff ice contents and to erode more quickly

(Harper, 1978).
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6.5.8 Locality 8, Kugmallit Bay

This section of coast includes the western shore of Kugmallit Bay and,
inspite of its location near one of the major distributaries of the
Mackenzie River, is dominated by erosional landforms (73%); low=tundra
cliffs (32%), ice=poor cliffs (21%) and inundated tundra (16%) are the
major erosional coastal types. Barrier islands and spits are the major
accretional landform (23%) with less than 5% of the coast classified as
flat/wetland/channel complexes. The coastline is generally retreating at
-1 to =2 m/yr, however, there is one short section of coast 20 km to the
southwest of Tuktoyaktuk (Map 70) retreating at ~11 m/yr (n=11). Model 1
iz applicable to all of this coast.

6.5.9 Locality 9, Richards Island

Richards Island is a complex section of shoreline located between two of
the major distributary channels of the Mackenzie River. As with most other
sections of the Beaufort Sea coast, the Richards Island area is dominated
by erosional landforms (75%) with ice poor cliffs (15%) and inundated
tundra (10%) comprising the remainder. Barrier spits are the principal
accretional shore—-zone type (21%) and are common along the outer coastline
of Richards Island. Coastal stability varies greatly within the locality
with some accretional to stable sections of coastline (to the west of North
Point) and some rapidly eroding sections (e.g. the outer islands; see Fig.
5.20).

For the most part, Model 1 holds for this coast with the minor difference
in the stable areas on the west side of Rich&xds Island; in this area, fine
sediments advected from the river plume are deposited in the form of wide
intertidal mudflats, . apparently contributing to the overall coastal

stability even though erosional landforms are present in the backshore.
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6.5.10 Locality 10, Central Mackenzie Delta

This section of the Beaufort Sea coast is unique in that it includes the
major active channels of the Mackenzie River. As a result, the section is
dominated by wetland/flat/channel complexes (69%) with a minor component of
barrier spits (10%), primarily concentrated in offshore islands. The
remaining 21% of the coast is dominated by ice-~poor cliffs (7%), ice=-rich
cliffs (12%) and minor components of inundated tundra (2%). The surprising
feature of this locality is the relatively high coastal retreat rates,
typically in the range of =2 m/yr; this is surprising because active delta
areas are usually expected to be accretional. As such, Model 1 is still
essentially appropriate although there is little coarse sediment to be
distributed alongshore, except in the outer islands, and cliffs are not
present. However, as mentioned previously, the flat/wetland/channel
complexes of the Beaufort Sea are an erosional feature and high ice
contents and fine material, mostly organics, are likely to contribute to
the rapid retreat. The ultimate sink of the material transported by the
river is uncertain, but at present it is c¢lear that the sgediment is

bypassing the coastal zone.

6.5.11 Locality 11, Shallow Bay (west shore)

This section of coast is the most uniform of the study area in terms of
coastal landform distribution. Flat/channel/wetland complexes are the only
coastal type that occurs. The section is unique because of its
exceptionally high coastal retreat rates; the average retreat rate for the
entire locality is =6.1 m/yr with maximum measured retreat rates of =29
m/yr. The exceptionally high retreat is attributed to very low relief of
the coast (therefore 1little sediment volume is eroded despite rapid
retreat), high ice content of the sediments and the fine material of the
coastal sediments. Model 1 applies to the coast with the modification that

there is no coarse material to be redistributed into barrier spits or even

beaches.
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6.5.12 Locality 12, Yukon Coast

This is a long linear coast with substantially higher relief (in excess of
50 m in locations) than areas to the east. Erosional landforms are
slightly more common than accretional landforms (61% vs. 39% respectively).
The two most common erosional coastal types are ice-rich cliffs (28%) and
ice=poor cliffs (23%) with barrier islands and spits comprising most of the
accretional landforms (29%). Gravelly sand barrier islands make up a
unique 50-km long segment of coast immediately to the west of Herschel
Island.

Coastal retreat is uniform throughout the locality averaging about -0.5
m/yr (maximum -5.3 m/yr). The compative stability of this coastal segment
is due mostly to the high coastal relief (i.e. small amounts of erosion

produce large amounts of sediment).

Model 1 applies to most of the Yukon coast, but the stable barrier island
segment to the west of Herschel 1Island has no obvious longshore sediment
source. As such, an offshore sediment source is proposed and onshore ice
movement of material speculated as the driving process (Model 2). This is
the only section of the Beaufort Sea coast that does not fit the standard,
transgressive model (Model 1).

6.6 RECOMMENDATIONS FOR FUTURE INVESTIGATIONS

The previous discussions have documented the wide-spread coastal recession
of the Canadian Beaufort Sea and have indicated that (a) high coastal ice
contents and (b) a speculated, on~going sea level rise are the cause of the
high recession rates. However, +there 1is very 1little quantitative
information on either the c¢oastal ice contents or sea level change.
Extensive massive ice is readily apparent in the sediments, but this volume
has not been quantified as well as in other areas of the arctic (e.q.
Harper, 1978, Sellman et al, 1975) and additional regional reconnaisance
work remaing to be done. Such information on ice content would be

extremely useful in quantifying the amount of coastal change that could be
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The speculated recent rise in sea level will be much more difficult to
quantify, although the regional implications are highly significant,
particularly with respect to proposed long-term development within the
Beaufort Sea. Limited tide records suggest a relative sea level rise of up
to 0.1 m/yr. Long-term, well-documented tide records are essgential for
resolving this change, but unfortunately the tide record from Tuktoyaktuk
is fraught with data gaps and wuncertain dJdatum references. Should
development plans proceed for hydrocarbon extraction, it is recommended
that a reliable tide gauge system be esgtablished with a secure datum; this
will be important not only in establishing a sea level for use in
geological studies but also in assessing engineering problems that may

arise from development (e.g. subsidence due to hydrocarbon extraction).

6.7 IMPLICATIONS TO COASTAL DEVELOPMENT

The processes identified as part of this study are extremely dynamic
(e.g. coastal retreat rates in excess of 25 m/yr) but do not appear to
present insurmountable problems. Potential coastal hazards include: storm
surge inundation, coastal erosion, coastal thaw subsidence 'and in
particular instances, coastal sediment transport. Most of these hazards
can be easily accommodated in the engineering design with minimum set-back
distances, the use of gravel pads to elevate structures, proper permafrost

design, etc., providing that they are recognized in the planning phase.

Problemz associated with sediment transport are more subtle, and include
interruption of longshore transport by shore normal structures (such as
causeways), scour around shore etructures, trench infilling, etc.
Potential impacts are difficult to evaluate because (a} numerical models of
sediment transport have significant uncertainties associated with them and
(b) field studies of transport are typically expensive and provide only a
near instantaneous picture of transport phenomena. As such, design of
structures for the beach and nearshore zones is presently subject to

considerable uncertainty.

It is anticipated that background data provided by this study will

contribute significantly to the rationale evaluation and management of

coastal resources in the Beaufort Sea as development continues. o
\.z &
Dobrocky

SEATECH




96

7.0 REFERENCES

Amos, C.L. and T.T. Alfoldi, 1979. The determination of suspended sediment
concentration in a macrotidal system using Landsat data. Jour. Sed.
Petrology 49(1): 159-174.

Amos, C.L., and K.W. Asprey, 1981. An interpretation of oceanographic and
sediment data from the Upper Bay of Fundy. Bedford Inst. of
Oceanography, Report Series BI«R-81-15, 143 pp.

Anon., 1971. Beaufort Sea storm, September 13-16, 1970, investigation of
effects in Mackenzie Delta region. Engineering Programs Branch, Dept.
Public Works, Ottawa.

Baird,w.F. and K.R. Hall, 1980. Wave hindcast study, Beaufort Sea.
Unpubl. proprietary report for Gulf Canada Resources Inc., Calgary,
Alberta. by Hydrotechnology Ltd., Ottawa, Ont. 89 pp with appendices.

Baird and Associates, 1983. Coastal engineering investigations for a
supply base marine facility at Stokes Point. Proprietary Technical
Report prepared for Gulf Canada Resources Inc., Calgary, Alberta by
W.F. Baird and Associates, Ottawa, 42 p.

Barnes, P.W. and E. Reimnitz, 1974. Sedimentary processes on arctic
shelves off the northern coast of Alaska. In (J.C. Reed and J.E.
Sater, eds.) The Coast and Shelf of the Beaufort Sea, Arctic Inst. of
N.A., p. 439-476

Barnes, P.W., E. Reimnitz, G. Smith and J. Melchior, 1977. Bathymetric and
shoreline changes, northwestern Prudhoe Bay, Alaska. U.S. Geol.
Survey, Menlo Park, CA, Open File Report 77-161, 10 p.

Barnes, P.W. and R. Ross, 1979%a. Fall storm 1979: A major, modifying
coastal event. NOAA-OCSEAP, Boulder, Colorado, Quarterly Report of
Principal Investigators, p. 238-249.

Barnes, P.W. and Ross, R., 1979b. Ice-pushed boulder pile -~ Camden Bay,
Alaska. NOAA=-OCSEAP, Boulder, Colo., Quarterly Report of Principal
Investigators, p. 223-237.

Barnes, P.W. and T. Reiss, 1982. Erosion and migration of an artificial
sand and gravel island, Niakuk 11I, Beaufort Sea, Alaska. U.S.
Geological Survey, Open File Report 82-608, 9 p.

Barnes, P.W., E. Reimnitz, and D. Fox, 1982. 1Ice rafting of fine-grained
sediment, a sorting and transport mechanism, Beaufort Sea, Alaska.
Jour. of Sed. Petrology, 52(2): 493-502.

Barnes, P.W., E. Reiminitz, and D.M. Rearic, 1984. Ice gouge
characterigtic related to sea-ice =zonation, Beaufort Sea, Alaska.
Nat. Res. Coun. Can., Proc. Ice Scour Workshop, Montebello, Que., Feb.
1982. Nat. Res. Council of Canada, Ottawa.

e

@

Dobrocky
SEATECH



97

Bostock, H.S8., 1967. Physiographic regions of Canada. Geol. Surv. Can.,
Ottawa, Map 1254A.

Cannon, P.J., 1979. The environmental geology and geomorpheology of the
barrier island - lagoon system along the Beaufort Sea coastal plain.
NOAA-OCSEAP, Boulder, Colo., Annual Report of Principal Investigators,
Vol. X (Hazards, Data Management), p. 209-249.

Carter, R.D., J.M. Denman and J.G. Pierpont, 1975. Geological literature
on the North Slope of Alaska, 1969-1974. U.S5. Geological Survey
Open~File Report, No. 75-384, 127 pp.

Davies, K.F., 1975. Mackenzie River input to the Beaufort Sea. Beaufort
Sea Proj., Tech. Report 15, Inst. Ocean Sci., Sidney, B.C., 72 pp.

Dome Petroleum Ltd., n.d. Beaufort Sea Harbour Study, preliminary review
of potential harbour sites. Unpubl. proprietary report by Dome
Petroleum Ltd., Calgary, Alberta.

Fissel, D.B. and J.R. Birch, 1984. Sediment transport in the Canadian
Beaufort Sea. Technical Report prepared for the Geological Survey of
Canada, Dartmouth, N.S. by Arctic Sciences Ltd., Sidney, B.C., 165 p.

Forbes, D.L., 1980. Late—-Quaternary sea levels in the gouthern Beaufort
Sea. In Current Research, Part B: Geological Survey of Canada, Paper
80"131 PP 75-87.

Forbegs, D.L., 1981, Babbage River delta and lagoon: hydrology and
sedimentology of an arctic estuarine system. Unpub. Ph.D.
Dissertation, Dept. of Geog., Univ. of British Columbia, Vancouver,
B.C., 544 pp.

Forbes, D.L. and A. Fricker, 1984. Coastal information system. Unpub.
manuscript by the Geological Survey of Canada, Dartmouth, N.S.

Forbes, D.L. and D. Froebel, 1985. Coastal erosion and sedimentation in
the Canadian Beaufort Sea. 1In Current Research, Geological Survey of
Canada, Paper 85-113, p. 69-80.

Franklin, J., 1828. Narrative of a second expedition to the shores of the
Polar Sea in the years 1825, 1826, and 1827;; John Murray, London;
reprinted 1969 by Greenwood, New York, 320 p. with appendices.

Fyles, J.G., 1966. Quaternary stratigraphy, Mackenzie Delta and arctic
coastal plain. Geological Survey of Canada, Paper 66~1; pp. 30-31.

Gatto, L.W., 1980. Coastal environment bathymetry, and physical
oceanography along the Beaufort, Chukchi and Bering Seas. U.S. Army
Corps. of Engineers, Cold Regions Research and Engineering Laboratory,
Hanover, N.H., Special Report 80-5, 357 pp.

Gill, b., 1972. Environmental and ecological reconnaigsance of the Pan
Candian petroleum lease area, northeast coastal Yukon Territory.
Unpub. M.Sc., Univ. of Alberta (Boreal Institute), Edmonton, Alberta.

—

Q’ )

Dobrocky
SEATECH



28

Gillie, R.D., 1985. Coastal processes at King Point, Yukon Beaufort Sea
coast. Technical Report prepared for M.J. O'Connor and Associates
Ltd., Calgary, Alberta by Dobrocky Seatech Ltd., Sidney, B.C., 39 pp.

Grant, W.D. and 0.S. Madsen, 1979, Combined wave and current
interaction with a rough bottom. Jour. Geophys, Res. 84: 1797-1808.

Gulf Canada Resources Ltd., 1982. Marine support base, Stokes Point, Yukon
Territory. Application for development submitted to Department of
Indian and Northern Affairs.

Hardy and Associates Ltd., 1977. Granular material inventory Tuktoyatuk,
Northwest Territories. Technical Report for Department of Indian and
Northern Development, Ottawa by R.M. Hardy and BAssociates Ltd.
Calgary, Alberta, 220 p.

Hardy and Associates Ltd. and Terrain Analysis and Mapping Services Ltd.,
1977. Granular materials inventory Yukon Coastal Plain and adjacent
areas. Technical Report for Department of Indian and WNorthern
Development, Ottawa by R.M. Hardy and Associates Ltd., Calgary and
Terrain Analysis and Mapping Services Ltd., Calgary, Alberta, 542 p.

Harper, J.R., 1978a. The physical procegses affecting stability of tundra
cliff coasts. Unpubl. Ph.D. Dissertation, Louisiana State University,
Baton Rouge, 212 pp.

Harper, J.R., 1978b. Coastal erosion rates along the Chukchi Sea coast
near Barrow, Alaska. Arctic 31(4): 428-~433.

Harper, J.R., 1981. C(Coastal landform inventory of the West Coast Trail,
Pacific Rim National Park. Report prepared for Parks Canada (Western
Region), Calgary, Alberta, by Woodward-Clyde Consultants, Victoria,
B.c.

Harper, J.R., 1985, Field surveys of log debris lines in the Tuktoyaktuk
vicinity: Implications to storm surge evaluation. Technical Report
for Fisheries and Oceans Canada, Sidney, B.C. by Dobrocky Seatech
Ltd., Sidney, B.C. 20 p.

Harper, J.R. and E.H. Owens, 1981, Analysis of ice override potential
along the Beaufort Sea coast of Alaskan Port and Oceans under Arctic
Conditions (POAC'81), Quebec City, Quebec, p. 974-984.

Harper, J.R. and P.S. Penland, 1982. Beaufort Sea sediment dynamics.
Report prepared for the Geological Survey of Canada, Dartmouth, Nova
Scotia by Woodward-Clyde Consultants, Victoria, B.C.

Harper, J.R. and B. Sawyer, 1983. C(Coastal analysis of Pacific Rim National
Park. Woodward-Clyde Consultants, Victoria, B.C. Unpubl. report to
Parks Canada (Western Region), Calgary, Alberta.

Harper, J.R., G.A. Robilliard, J. Issacs and E.H. Owens, 1984. Coastal
sensitivity analysis of the Northern Chukchl Sea coast of Alaska.
1984 Arctic Marine 0il 8Spill Program, Annual Meeting, Edmonton,

Alberta. ..
&

Dobrocky
SEATECH



99

Harry, D.G., 1985. Ground ice slumps, Beaufort Sea coast, Yukon Territory
{ABSTRACT) Proceedings 14th Arctic Workshop, Arctic Land-Sea
Interaction, Bedford Institute of Oceanography, Dartmouth, Nova
Scotia. p. 115-117.

Hartwell, A.D., 1973. Classification and relief characteristics of
northern Alaska's coastal zone. Arctic 26(3), p. 244-252.

Henry, R.F., 1975. Storm surges. Dept. of Environment, Beaufort Sea
Project, Technical Report 19, 41 p.

Henry, R.F., 1984. Flood hazard delineations at Tuktoyaktuk. Fisheries
and Oceans, Canadian Contractor Report of Hydrography and Ocean
Sciences No. 19, 117 p.

Herlinveaux, R.H. and B.R. de Lange Boom, 1975. Physical oceanography of
the southeastern Beaufort Sea. Dept. of Environment Beaufort Sea
Proj., Tech. Report 18, 97 pp.

Hill, et al Sea level curve.

Hnatiuk, J. and Brown, X.D., 1977. Sea bottom scouring in the Canadian
Beaufort Sea. 9th Annual Offshore Tech. Conf., p. 519-525,.

Hollingshead, L., L. Skjolingstad and L.A. Rundquist, 1978. Permafrost
beneath channels in the Mackenzie Delta, N.W.T. Canada. Proceedings
of the Third International Permafrost Conference, Edmonton, Alberta,
National Research Council of Canada, p. 407-412.

Hopkins, D.M. and Hartz, R.W., 1978. Coastal morphology, coastal erosion,
and barrier islands, of the Beaufort Sea, Alaska. U.S. Geol. Surv.,
Open File Report 78-1063, 54 p.

Huggett, W.S., M.J. Woodward, F. Stephenson, F.V. Hermiston, and A.N.
Douglas, 1975. Near bottom currents and offshore tides. Beaufort Sea
Proj. Inst. Ocean Sci., Sidney, B.C. Tech. Report 16, 38 pp.

Huggett W.S., M.J. Woodward, and A.N. Douglas, 1977. Data record current
observations, Vol. XVi, Beaufort Sea 1974 to 1976. Data Report
Series, Inst. Ocean. Sci., Sidney, B.C. 139 pp.

Hume, J.D. and M. Schalk, 1967. Shoreline processes near Barrow, Alaska: a
comparison of the normal and the catastrophic. Arctic 20(2): 86~103.

Hume, J.D., M. Schalk, and P. Hume, 1972. Short-term climatic changes and
coastal erosion, Barrow, Alaska. Arctic 25(4): 272-278.

Interdepartmental Environmental Review Committee, 1983. TFacilities siting:
Beaufort Sea shore-zone study. Unpubl. report by the Government of
Canada.

Johnston, G.H. and R.J.E. Brown, 1965. Stratigraphy of the Mackenzie River
delta, Northwest Territories, Canada. Geol. Surv. Amer., Bull.

76(1): 103-111. P
&S

Dobrocky
SEATECH



100

KPCL (Keith Philpott Consulting Ltd.), 1985a (in preparation). Numerical
egtimation of gsediment transport and nearshore profile adjustment at
coastal sites in the Canadian Beaufort Sea. Final Report for Indian
and Northern Affairs Canada (NOGAP), Ottawa by Keith Philpott
Consulting Ltd., Thornhill, Ontario.

KPCL, 1985Db. Numerical estimation of sediment transport and nearshore
profile adjustment at coastal sites in the Canadian Beaufort Sea.
Interim Report prepared for 1Indian and Northern Affairs Canada
(NOGAP), Ottawa by Keith Philpott Consulting Ltd., Thornhill, Ontario
(4 April 1985).

Kerfoot, D.E. and J.R. Mackay, 1972. Geomorphological process studies,
Garry Island, Northwest Territories. In (D.E. Kerfoot, ed.),
Mackenzie Delta Area Monograph, St. Catherines, Ont. (Brock Univ. in
press), p. 115-130.

Komar, P.D., 1972. The mechanics of sand transport on beaches. Jour.
Geophys. Res. 76(3): 713=-721.

Komar, P.D., 1976. Beach processes and sedimentation. Prentice-Hall,
Englewood, N.J., 429 pp.

Kovacs, A. and Sodhi, D.S., 1979. Ice pile-up and ride~up on arctic and
subarctic beaches. Proc. of 5th Int'l. Conf. on Port and Ocean Engin.
under Arctic Conditions, Norweglan Inst. of Technology, Trondheim, p.
127-146.

Lewellen, R., 1970. Permafrost erosion along the Beaufort Sea coast.
(Published by the author) Littleton, Colorado, 25 pp.

Lewellen, R., 1977. A study of Beaufort Sea coastal erosion, northern
Alaska. In Environmental Assessment of the Alaskan Continential
Shelf, NOAA-OSCEAP, Boulder, Colo., Annual Reports of Principal
Investigators, Vol. XV (Transport), p. 491-527.

Lewis, C.F.M., 1977. Bottom scour by sea ice in the southern Beaufort Sea.
Beaufort Sea Proj., Tech. Report 23, Inst. Ocean Sci., Sidney, B.C.
(Draft).

Lewis, C.P., 1975. Sediments and sedimentary processes, Yukon Beaufort Sea
coast. Geological Survey of Canada, Paper 75-1B; pp. 165-170.

Lewis. C.P., 1982. Deltaic processes and delta morphology, Mackenzie
Delta, Northwest Territories. Unpub. ms.

Lewis, C.P., 1985. Delta front processes and morphology, Mackenzie Delta,
N.W.T. {(ABSTRACT). Proceedings 14th Arctic Workshop, Arctic Land-Sea
Interaction, Bedford Institute of Oceanography, Dartmouth, Nova
Scotia, p. 236-237.

Lewis, C.P. and D.L. Forbes, 1974. Sediments and sedimentary processes,
Yukon Beaufort Sea coast. Env.-Social Comm., Northern Pipelines, Task
Force on Northern 0Oil Dev., Report 74-29, 40 pp.

i

Dobrocky
SEATECH



101

Lewis, C.P. and D.L. Forbes, 1975, Coastal sedimentary processes and
sediments, southern Beaufort Sea. Department of Environment, Beaufort
Sea Project. Technical Report 24, 68 pp.

Lisitzin, A.P., 1972. Sedimentation in the world ocean. Society of
Economic¢ Paleontologists and Mineralogists, Special Pub. No. 17, 218
Pp-

MacCarthy, G.R., 1953. Recent changes in the shoreline near Point Barrow,
Alaska. Arctic 6(1): 44-51.

MacRay, D.K., 1965. Breakup in the Mackenzie River and its delta, 1964.
Geog. Bull. 7(2): 117-128.

Mackay, J.R., 1959. Glacier ice-thrust features of the Yukon coast.
Geographical Bulletin, No. 13, pp. 5-21.

Mackay, J.R., 1960. Notes on small boat harbours of the Yukon coast.
Geographical Bulletin, No. 15, pp. 19-30.

Mackay, J.R., 1963a. The Mackenzie Delta area, N.W.T.. Canada, Department
of Mines and Technical Surveys, Geographical Branch, Memoir 8; 202 p.

Mackay, J.R., 1963b. Notes on the shoreline recession along the coast of
the Yukon Territory. Arctic, v. 16, pp. 195-197.

Mackay, J.R., 1966. Segregated epigenetic ice and slumps in permafrost,
Mackenzie Delta area, Northwest Territory. Geographical Bulletin
8(1):59-80.

Mackay, J.R., 1971. The origin of massive icy beds in permafrost, western
arctic coast, Canada. Canadian Journal of Earth Science 8:397-422.

Mackay, J.R., 1972. Offshore permafrost and ground ice, southern Beaufort
Sea, Canada. Canadian Journal of Earth Sciences, 9:1550-1561.

Mackay, J.R., 1975. Relict ice wedges, Pelly Island, N.W.T. (107 Cc/12).
Geological Survey of Canada, Paper 75-1A; pp. 469-470.

Mackay, J.R., 1976. 1Ice wedges as indicators of recent climatic change,
western Arctic coast. Geological Survey of Canada, Paper 76~1A; pp.
233-234.

MacNeill, M.R. and J.F. Garrett, 1975. Open water surface currents in the
southern Beaufort Sea. Dept. of Environment. Beaufort Sea Proj.
Tech. Report 17, Inst. Ocean. Sci., Sidney, B.C., 113 pp.

McDconald, B.C. and Lewis, C.P. 1973. Geomorphic and sedimentolgic
processes of rivers and coasts, Yukon Coastal Plain. Env.-Social
Comm., Northern Pipeline, Task Force on Northern 0il Dev., Report
73~79, 245 pp.

McLaren, P., 1982. The coastal geomorphology, sedimentology and processes
of eastern Melville and western Byam Martin Islands, Canadian Arctic
Archipelago. Geological Survey of Canada, Bull. 333, 39 p.

i,

@)

Daobrocky
SEATECH



102

Marine Environmental Data Service, 1978. Wave data recorded in the
southern Beaufort Sea. Unpub. Report, Env. Can., Ottawa.

Meagher, L., 1978. Compilation of the thickness of recent soft sediment
and ice-related features in the Beaufort Sea, Northwest Territories.
Unpub. Report by Geomarine Associates Ltd., Halifax, N.S. for Geol.
Surv. Can., Ottawa, Ont., 74 pp; maps.

Miall, A.D., 1979. Mesozoic and Tertiary geology of Banks Island, Arctic
Canada. Geol. Surv. Can., Ottawa, Memoir 387, 247 pp; maps.

Milne, A.R. and R.H. Herlinveaux, 1977. Crude oil in cold water. Dept. of
Environment. Beaufort Sea Proj. Summary Report, Inst. Ocean. Sci.,
Sidney, B.C., 119 pp.

Nummedal, D., 1979. Coarse—-grained sediment dynamics - Beaufort Sea,
Alaska, Proc. P.O.A.C. 1979, Trondheim, Norway, p. 845-858.

Nummedal, D. and M.F. Stephen, 1978. Wave climate and littoral sediment
transport, northeast Gulf of Alaska. Jour. Sed. Petrology, 48:
359-371.

O'Connoxr, M.J., 1980. Development of a proposed model to account for the
surficial geology of the southern Beaufort Sea. Unpub. report by M.J.
O'Connor Associates, Calgary, Alberta, for the Geol. Surv. Can.,
Dartmouth, N.S., 128 pp.

O'Connoxr, M.J., 1982a. Physiographic regions of the southern Beaufort Sea
Shelf. Unpub. report by M.J. O'Connor Associates, Calgary, Alberta,
for the Geol. Surv. Can., Dartmouth, N.S.

O'Connor, M.J., 1982b. Depth to tranagressive unconformity, southern
Beaufort Sea Shelf. Unpub. report by M.J. O'Connor Associates,
Calgary, Alberta, for the Geol. Surv. Can., Dartmouth, N.S.

Osterkamp, T. and Gossink, J., 1980. Sediment~laden ice: The role of
frazil and anchor ice in its formation and development. NOAA-OSCEAP
Boudler, Colorado, Arctic Proj. Bull. 29: 24-25

Osterkamp, T.E. and W.D. Harrison, 1976. Subsea permafrost at Prudhoe Bay,
Alaska: Drilling report Univ. of Alaska, Geophysical Institute Report
No. UAG"'245' 69 po

Owens, E.H., 1980. Physical shore~zone analysis, Saltspring Island, B.C.
Unpubl. report to Lands Directorate, Pacific and Yukon Region,
Environment Canada, Vancouver, B.C. by Woodward-Clyde Consultants,
Victoria, B.C. 155 p.

Owens, E.H. and J.R. Harper, 1977. Frogst table and thaw depths in the
littoral zone near Peard Bay, Alaska. Arctic 30:154-168.

Owens, E.H., R.B. Taylor, M. Miles and D.L. Forbes, 1981. Coastal geology
mapping: an example from the Sverdrup Lowland, District of Franklin.

Geol. Surv. of Canada, Paper 81-B: 37=49.
&

Dobrocky
SEATECH




103

Owens, ®.H. and J. Harper, 1983, Arctic coastal processes: A
state-of-knowledge review. 1983 Canadian Coastal Conference,
Vancouver, B.C., sponsored by the Associate Committee on Research of
Shoreline Erosion and Sedimentation, National Research Council of
Canada, Ottawa, pp. 3-18.

Owens, E.H., J.R. Harper and D. Nummedal, 1981, Sediment transport
processes and coastal variability on the Alaskan North Slope. Proc.
17th Int. Coastal Eng. Conf., Sydney, Australia, March, 1980., Amer.
Soc¢. Civil Eng., N.Y., p. 1344-1363.

Norris, D.K., 1975. Geology of Herschel Island and Demarcation Point.
Geological Survey of Canada, Map 1514a.

Pelletier, B.R., 1975. Sediment dispersal in the southern Beaufort sea.
Beaufort Sea Proj. Tech. Report 25a, Inst. Ocean Sci., Sidney, B.C.,
80 pp.

Pelletier, B.R., 1979. Review of surficial geology and engineering hazards
in the Canadian offshore. Maritime Sed. 15: 55-91.

Prest, V.K., 1969. Retreat of Wisconsin and Recent ice’ in North America.
Geol. Surv. Can., Ottawa, Map 1257A.

Public Works Canada, n.d. Herschel Island: feasibility of a marine
terminal.

Pulkkinen, H.W., 1976. Aerial photography of the artificial islands,
Mackenzie delta, N.W.T. Can. Hydrographic Ser., Inst. Ocean Sci.,
Sidney, B.C. (Final Field Report), 5 pp.

Rampton, V., 1974. Surficial geology and landform for parts of Aklavik
(1078B), Blow River (117A), Demarcation Point (117C) and Herschel
Island (117D). Geological Survey of Canada, Open file Report 191.

Rampton, V.N., 1974. Terrain evaluation with respect to pipeline
construction, Mackenzie Transportation Corridor, northern part,
latitude 68° N to coast. Canada, Environmental-Social Committee,
Northern Pipelines, Task Force on Northern 0il Development, Report No.
73-47; 44 p.

Rampton, V.N., 1974. Surficial geology, Herschel 1Igsland map-sheet;
Geological Survey of Canada, Open~File No. 191.

Rampton, V.N., 1984. Quaternary geology of the Yukon Coastal Plain. Geol.
Surv. Can., Ottawa, Bull. 317.

Rampton, V.N. and J.R. Mackay, 1971. Massive ice and icy sediments
throughout the Tuktoyaktuk Peninsula, Richards Island, and nearby
areas, District of Mackenzie. Geological survey of Canada, Paper
71-21, 16 pp.

%’“’“ )

Dobracky
SEATECH




104

Rampton, V.N., and J.B. Dugal, 1974. Quaternary stratigraphy and
geomorphic processes on the arctic coastal plain and adjacent areas,
Demarcation Point, Yukon Territory, to Malloch Hill, District of
Mackenzie. Geological Survey of Canada, Paper 74-1A; p. 283.

Rampton, V.N. and M. Bouchard, 1975. Surficial geology of Tuktoyaktuk,
District of Mackenzie. Geol. Surv. Can., Paper 74«53, 17 p.; map
5-1974.

Readshaw, J.8., 1982, Preliminary coastal engineering study for a supply
base at McKinley Bay, N.W.T. Proprietary technical Report prepared for
Gulf canada Resources Ltd., Calgary, by W.F. Baird and Associates,
Ottawa, Ontario, 47 p.

Rearic, D. and P. Barnes, 1980. Reassessment of ice—gouging on the inner
shelf of the Beaufort Sea, Alaska: A progress report. NOAA-QSCEAP,
Boulder, Colo., Annual Report of Principal Investigators, p. 318-343.

Reimnitz, E. and P.W. Barnes, 1974. Sea ice as a geologic agent on the
Beaufort Sea shelf of Alaska. 1In (Reed, J.C. and Sater, J.E., eds.)
The Coast and Shelf of the Beaufort Sea. Arctic Inst. of N. Amer.,
Arlington, Va., p. 301-353.

Reimnitz, E. and L. Toimil, 1976. Dive site observations in the Beaufort
Sea, Alaska, 1976. NOAA-OSCEAP, Boulder, Colo. Quarterly Report of
Principal Investigators, p. 456-538.

Reimnitz, E., P.W. Barnes and J. Melchior, 1977. Changes in barrier island
morphology =-- 1949 to 1979, Cross Island, Beaufort Sea, Alagka. U.S.
Geol. Surv. Open File Report 77-477, p. F1-F14.

Reimnitz, E. and D.K. Mauer, 1979. Effects of storm surges on the Beaufort
Sea coast, northern Alaska. Arctic 34(4): 339-344.

Reimnitz, E. and Kempema, E., 1982. Dynamic ice-wallow relief of northern
Alaska's nearshore. Jour. of Sed. Petrology 52(2): 451-462.

Rogers, Golden and Halpern, 1983. A process for siting hydrocarbon
facilities on the Canadian arctic coast. Environmental Protection
Service, Economic and Technical Review Report, EPS=-3-ES-83-1.

Short, A.D., 1975. Multiple offshore bars and gstanding-waves. Journal of
Geophysical Research 80(27): 3838-3840.

Short, A.D., 1979. Barrier island development along the Alaska-Yukon
coastal plain. Geological Society of America Bulletin, Part II, 90:
77-103.

Stephenson, F.E., 1977. Aerial photography of artificial islands in the
Beaufort Sea. Can. Hydrographic Serv., Inst. Ocean Sci., Sidney, B.C.
(Final Field Report) 25 pp.

Stephenson, F.E., 1978. Aerial photography of artificial islands in the
Beaufort Sea. Can. Hydrographic Serv., Inst. Ocean Sci., Sidney,
B.C., (Final Field Report) 26 pp. ‘gﬁﬁ%m“

@

Dobrocky
SEATECH




105

Sternberg, R.W., 1972. Prediciting initial motion and bedload transport of
sediment particles in the shallow marine environment. In (D.P. Swift,
D.B. Duane and O.H. Pilkey, eds.). Shelf Sediment Transport: Processes
and Pattern. Dowden, Hutchinson and Ross, Stroudshburyg, PA, p. 61-82.

Vilks, G., F.J.E. Wagner, and B.R. Pelletier, 1979. The Holocene marine
environment of the Beaufort shelf. Geol. Surv. Can., Ottawa, Bull.
303, 43 pp.

Walker, H.J., 1973. Morphology of the North Slope. Proc. of 25th
Anniversary Celebration of Naval Arctic Research Laboratory, Arctic
Inst. of North Amer., Arlington, Virginia, Tech. Paper No. 25, 92 pp.

Walker, H.J. and H.M. Morgan, 1964. Unusual weather and riverbank erosion
in the Colville Delta, Alaska. Arctic 17: 41~47.

Wiseman, Wm. J., Jr., J.M. Coleman, A. Gregory, S.A. Hsu, A.D. Short, J.N.
Suhayda, C.D. Walters, and L.D. Wright, 1973. Alaskan Arctic coastal
processes and morphology. Coastal Studies Institute, Louisiana State
University, Baton Rouge, Technical Report 149, 171 pp.

Woodward-Clyde Consultants, 1980. Beaufort Sea coast videotape manual.
Summary report prepared for Dome Petroleum Ltd., Calgary, Alberta.

Woodward~-Clyde Consultants, 1981a. Amundsen Gulf videotape manual.
Summary report prepared for Dome Petroleum Ltd., Calgary, Alberta.

Woodward—-Clyde Consultants, 1981b. Coastal analysis of BAlaska and the
Northwest Passage. Report prepared for Dome Petroleum Ltd., Calgary,
Alberta.

Woodward—-Clyde Consultants, 1985. Chukchi Sea coastal sensitivity study.
Technical Report prepared for NOAA, Office of Oceanography, Anchorage,
Alaska by Woodward-Clyde Consultants, Anchorage, Alaska (in press).

Worbets, B.W., 1979, Shoreline oil spill protection and c¢leanup
strategies: southern Beaufort Sea. APOA Proj. No. 136, 2 vols.

£

Dobrocky
SEATECH



Coastal Stability Measurement Data




The coastal stability measurement data are summarized on a series of data
sheets. The meagurements on the data sheets are keyed to the coastal
resource maps in Appendix 2 and provide additional detail on the actual
measurement interval and variation of rates at a particular gite. The
following specific information is reported:

= map and point identification numbers,

- vyear of initial measurement,

= year of subsequent measurement,

- averaged retreat rate of the cliff top over the photo interval,

= averaged retreat rate of the cliff base over the photo interval,

- averaged retreat rate of the waterline position over the photo

interval,

- averaged rate of change (combination of above; see Section 4.2).

Most of the data was developed as part of measurements made during this
study, but the data sheetsg also include information from McDonald and Lewis
(1973; part of Maps 7, 8, 11, 13, and all of Maps 9, 10, 14 ~ 17) and from
unpublished measurements provided by C.P. Lewis (pers. comm., 1985; part of

Maps 71, 82, and all of Maps 72, 80, 81).
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Appendix 2 -~ Coastal Resource Maps

The maps in this appendix include the coastal regions of the Canadian
Beaufort Sea from Demarcation Point east to Baillie Islands. The
information presented includes (a) shorezone morphology (b) coastal
stability measurements, and (c) alongshore transport directions. The
symbols and patterns used are presented in the legend below. This legend
is included on the page opposite each map along with an index location map
for convenience of use. Detailed information relating to coastal stability

for each map section can be found in Appendix. 1.
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R R RRAGChTCTIICETEERPRE LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
R e Retreat (~) or progradation (+) rate (m/yr)

------------------------------------- ldentification number

OTHER SYMBOLS:

18 -o-mresmeesaneaneas UNIT IDENTIFIER NUMBER
/_ """"""""""""""""""""""" ALONGSHORE TRANSPORT DIRECTION
0 1 2 3 4 Skm
- Y ‘ |
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LEGEND

SHORE-ZONE TYPES:

-
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1. ICE-POOR CLIFF
ICE-RICH CLIFF

LOW TUNDRA

INUNDATED TUNDRA

———
--------------------

""""
------------------

-----------------------

-----------------------

BARRIER BEACHES
INTERTIDAL FLATS

-------------------------

SHORE-ZONE MODIFIERS:
BARS/FLATS

--------------------------------------

RETROGRESSIVE THAW FAILURES
LOG DEBRIS LINES

--------------------------------

COASTAL STABILITY MEASUREMENTS:

Location of measurement point

-------------------------------------

Retreat (~) or progradation (+) rate (m/yr)
Identification number

OTHER SYMBOLS:
------------------ UNIT IDENTIFIER NUMBER
/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
0 1 2 3 4 Skm
scale 1:50,000
@ |Putien 1
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LEGEND

SHORE-ZONE TYPES:

-------------------- 1. ICE-POOR CLIFF
---------------------- 2. ICE-RICH CLIFF
----------------------- 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
----------------------- 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES
-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
D R LT EE S LT PR Retreat (-) or progradation (+) rate (m/yr)

------------------------------------- Identification number

OTHER SYMBOLS:

18 --eseremmsesenseees UNIT IDENTIFIER NUMBER
/ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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scale 1:50,000

@~|pulien 1. =17
Hoopeb g; Pullen | 737
. 54 |58H6

Peiley 1 4

49 57




|
30(-0.17)
29(0.08)
28(0.67)

27(0.67)
26(-0.83)
26(~1.58)

24(~1.50)
N 23(1.08)

18(~0.17)
147 17(-0.08)

16(-0.04)—
“\ Y l 15(0.00)

14(-0.08)

.....

V?T B ,-

20(-1 04)‘:'-’

19(—0 33)

,:,-'Q 38(0.00)

15

_f\ e

1o(o 08"
9(0 42) -
8(0.00)

) 1>




LEGEND

SHORE-ZONE TYPES:

................... 1. ICE-POOR CLIFF
---------------------- 2. ICE-RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
....................... 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:
------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES
------------------------------------ LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
R R R CRELTERE PR L PR Retreat (-) or progradation (+) rate (m/yr)

------------------------------------- ldentification number

OTHER SYMBOLS:
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/_ --------------- - ALONGSHORE TRANSPORT DIRECTION
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SHORE-ZONE TYPES:

.................. 1. ICE-POOR CLIFF
----------------------- 2. ICE-RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
....................... 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES

-------------------------------------- LLOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
B R RN Retreat (-) or progradation (+) rate (m/yr)

------------------------------------- Identification number

OTHER SYMBOLS:
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LEGEND

SHORE-ZONE TYPES:

.................. 1. ICE-POOR CLIFF
---------------------- 2. ICE-RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

T N S BARS/FLATS
R RETROGRESSIVE THAW FAILURES
D (T LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
R NI Retreat (=) or progradation (+) rate (m/yr)
B T T Identification number

OTHER SYMBOLS:

18 =semsemmmmmmnneeeee UNIT IDENTIFIER NUMBER
/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

-------------------- 1. ICE-POOR CLIFF
----------------------- 2. ICE-RICH CLIFF
----------------------- 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
----------------------- 6. INTERTIDAL FLATS

SHORE~ZONE MODIFIERS:

------------------------- BARS/FLATS
----------------------------------- RETROGRESSIVE THAW FAILURES
-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
B e Retreat (-) or progradation (+) rate (m/yr)

-------------------------------------- Identification number

OTHER SYMBOLS:
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LEGEND

SHORE-ZONE TYPES:

------------------- 1. ICE-POOR CLIFF
----------------------- 2. ICE-RICH CLIFF
----------------------- 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
----------------------- 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

P N BARS/FLATS
A e R s RETROGRESSIVE THAW FAILURES
§ e LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
Rl Retreat (-) or progradation (+) rate (m/yr)
e ---- Identification number

OTHER SYMBOLS:
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/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

-------------------- 1. ICE-POOR CLIFF
--------------------- 2. ICE-RICH CLIFF
------------------------ 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
----------------------- 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES

-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
B A TECEREELLERPLY Retreat (=) or progradation (+) rate (m/yr)

------------------------------------- Identification number

OTHER SYMBOLS:
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/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

Y
"
-

. ICE~-RICH CLIFF

. LOW TUNDRA

. INUNDATED TUNDRA
. BARRIER BEACHES
. INTERTIDAL FLATS

\ SHORE-ZONE MODIFIERS:
------------------------- BARS/FLATS
N -

Bty RETROGRESSIVE THAW FAILURES
-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
RSl M e Retreat (~) or progradation (+) rate (m/yr)

-------------------------------------- Identification number

OTHER SYMBOLS:
18 --ommmmesenenanans UNIT IDENTIFIER NUMBER

/_ -------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

................... 1. ICE-POOR CLIFF
---------------------- 2. ICE~RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
....................... 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES
-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
e s Retreat () or progradation (+) rate (m/yr)

-------------------------------------- Identification number

OTHER SYMBOLS:

18 =o-meemeeenmnnenane UNIT IDENTIFIER NUMBER
/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

........... --=-----1. ICE-POOR CLIFF
---------------------- 2. ICE-RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
....................... 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

------------------------- BARS/FLATS
N RETROGRESSIVE THAW FAILURES
I GEC R EE R R PP LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

9 Location of measurement point
h\ﬁ;b ----------------------------------- Retreat (-) or progradation (+) rate (m/yr)
B AR e DL EE PRI e Identification number

OTHER SYMBOLS:
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/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

------------------- 1. ICE-POOR CLIFF
--------------------- 2. ICE-RICH CLIFF
---------------------- 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
----------------------- 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:
------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES
-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

Y i Location of measurement point
h\ﬂ»‘ﬁ ----------------------------------- Retreat (-) or progradation (+) rate (m/yr)
BRI EEEEREREEREEES Identification number

OTHER SYMBOLS:
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/_ ----------------------------- ALONGSHORE TRANSPORT DIRECTION
0 1 2 3 4 Skm
PR s \ ’ : e
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LEGEND

SHORE-ZONE TYPES:
— 1. ICE-POOR CLIFF
|———7—— ------------------- 2. ICE-RICH CLIFF

. LOW TUNDRA

. INUNDATED TUNDRA

. BARRIER BEACHES
. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

P N S BARS/FLATS
\,‘ L M bbb bl il RETROGRESSIVE THAW FAILURES
R i LOG DEBRIS LINES
COASTAL STABILITY MEASUREMENTS:
-------------------------------- Location of measurement point
h\"fz' """"""""""""""""""""""

-------------------------------------

Retreat (-) or progradation (+) rate (m/yr)
ldentification number

OTHER SYMBOLS:
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/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

.................... 1. ICE-POOR CLIFF
---------------------- 2. ICE-RICH CLIFF
------------------------ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

P N S BARS/FLATS
'.‘ ---------------------------------- RETROGRESSIVE THAW FAILURES
I ASCCTCTEETEPETTP PP EP PSRRI LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
R B Retreat (-) or progradation (+) rate (m/yr)
B LG LT RSP Identification number
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18 -remresmsmesenooeeees UNIT IDENTIFIER NUMBER

/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

------------------- 1. ICE-POOR CLIFF
--------------------- 2. ICE-RICH CLIFF
----------------------- 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
----------------------- 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

P N S BARS/FLATS
T RETROGRESSIVE THAW FAILURES
S LOG DEBRIS LINES
COASTAL STABILITY MEASUREMENTS:
% (e Location of measurement point
Nq,-" ----------------------------------- Retreat (-) or progradation (+) rate (m/yr)
B LR OCEERERER e Identification number

OTHER SYMBOLS:
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LEGEND

SHORE-ZONE TYPES:

.................... 1. ICE-POOR CLIFF
_______________________ 2. ICE-RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
....................... 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

P N BARS/FLATS
L e RETROGRESSIVE THAW FAILURES
R GAREGEOEE e R T L e PR e LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:!

-------------------------------- Location of measurement point
U i R Retreat (=) or progradation (+) rate (m/yr)
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LEGEND

SHORE-ZONE TYPES:

.................... 1. ICE~«POOR CLIFF
---------------------- 2. ICE~RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
....................... 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES

R e LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
T B e R e L PP PR S Retreat (~) or progradation (+) rate (m/yr)

-------------------------------------- Identification number

OTHER SYMBOLS:
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/_ ----------------------------------- ALONGSHORE TRANSPORT DIRECTION
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LEGEND

SHORE-ZONE TYPES:

------------------- 1. ICE-POOR CLIFF
--------------------- 2. ICE-RICH CLIFF
----------------------- 3. LOW TUNDRA
---------------------- 4. INUNDATED TUNDRA
----------------------- 6. BARRIER BEACHES
------------------------ 6. INTERTIDAL FLATS

SHORE-~-ZONE MODIFIERS:

------------------------- BARS/FLATS
---------------------------------- RETROGRESSIVE THAW FAILURES

-------------------------------------- LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

OTHER SYMBOLS:
18 -----eemsemenoneeee UNIT IDENTIFIER NUMBER
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LEGEND

SHORE-ZONE TYPES:

_________________
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---------------------- . ICE-RICH CLIFF
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BARRIER BEACHES

INTERTIDAL FLATS

-
-------------------
e
-------------------

-----------------------

.......................

SHORE-ZONE MODIFIERS:
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"“ T R

--------------------------------------

RETROGRESSIVE THAW FAILURES
LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

--------------------------------------

OTHER SYMBOLS:
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LEGEND

SHORE-ZONE TYPES:

................... 1. ICE~-POOR CLIFF
---------------------- 2. ICE-RICH CLIFF
........................ 3. LOW TUNDRA
....................... 4. INUNDATED TUNDRA
----------------------- 5. BARRIER BEACHES
....................... 6. INTERTIDAL FLATS

SHORE-ZONE MODIFIERS:

P N BARS/FLATS
““ O~ oTmmmeeesmmasssssasmncaomaooe RETROGRESSIVE THAW FAILURES
IR R A LOG DEBRIS LINES

COASTAL STABILITY MEASUREMENTS:

-------------------------------- Location of measurement point
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Coastal Information System Database Output




The entire data base for the shore~zone analysis is contained on seperate
computer print-outs and nine-track tapes. The information is catalogued
systematically using the Geological Survey of Canada's Coastal Information
System (Forbes and Fricker, 1985). The data base contains more detailed
information on each of the units shown in the c¢oastal resource maps
(Appendix 2) and includes description of across-shore morphologic
components, characterization of acro$s~shore sediment texture, shore-zone
width estimates, shore-zone relief estimates, data sources that were used

in the interpretation and yeographic coordinates of the unit boundaries.

For additional information on this data base, c¢ontact Dr. D. Forbes,
Atlantic Geoscience Centre, Bedford Institute of Oceanography, Dartmouth,
N.S.
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