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Abstract

A system for coastal geology mapping is discussed which has been tested at scales ranging from
1:4800 to 1:125 000, in a variety of Canadian coastal environments including the Sverdrup Lowland.
The system is compatible with the surficial geology mapping schemes used by the Geological Survey
of Canada. Initially, the coast is progressively subdivided into shore units, zones and components
which are the building blocks used to define the physical coastal characteristics and a limited number
of replicate shore types. Use of standardized codes allows a direct comparison between coasts of
different geographic areas. All available coastal information is systematically listed on coding sheets
and a summary of the primary coastal elements is shown on the maps using coded descriptors. Also
displayed on the maps is the distribution of replicate shore types.

Introduction

The growth of interest in coastal geological studies
over the past decade has focussed in part on mapping of
physical shoreline features. At present, coastal geology maps
are available for only selected parts of the Canadian
coastline. Several methods have evolved to compile and
display coastal information. For example, some mapping
schemes used in eastern Canada include those of Dubois
(1973), Scarlett et al. (1976), Barry et al. (1977)  and
McLaren (1980). Important now is the need to develop a
mapping system so that a uniform series of coastal maps can
be produced for the country. The system should be applicable
at a variety of scales and to the variety of coastal settings
found in Canada. The system should be multi-user oriented
and suitable for storage of information on computer files for
quick retrieval and analysis. In an attempt to develop such a
system, it was thought desirable that it also be compatible
with the existing surficial geological mapping schemes used
by the Geological Survey of Canada (GSC). Consequently, a
system was designed based on systems developed for surficial
geology by the Survey (e.g. Fulton et al., 1974, 1975; Barnett
et al., 1975, 1976; Boydell et al. 1975a, b) and refined by the
Environment and Land Use Committee (E.L.U.C.) (1978). The
system was developed initially as a joint study with the
Resource Analysis Branch of the British Columbia Ministry of
the Environment and was also partially funded by Lands
Directorate of Environment Canada. The mapping was tested
at scales of 1:4800 (Capital Regional District, 1979) and
1:20 000 (Owens, 1980). Additional mapping using the system
has also been carried out in British Columbia by D. Howes
(personal communication, 1980) and by J.R. Harper (personal
communication, 1980) at scales of 1:25000 and 1:10 000
respectively. Low altitude, oblique colour video tapes were
used as the primary data base for these studies.

The objective of this paper is to describe and illustrate
how physical coastal information is organized, coded and
displayed in the proposed mapping system by using an
example of a mapping program recently completed in central
Sverdrup Lowland, District of Franklin (Woodward-Clyde
Consultants, 1980). Shores in the Sverdrup Lowland (Fig. 6.1)
represent a very simple model with which to introduce the
mapping system because of the limited coastal information
base and the scale of mapping (1:125 000). Although some
oblique, low-altitude, colour photography and field
observations were available (Taylor, 1980, Fig. 6.2), the
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majority of the program was conducted using vertical aerial
photography (1:60 000). Mapping was completed on King
Christian, Lougheed, and Cornwall islands, south Amund and
Ellef Ringnes islands, and Sabine Peninsula, Melville Island
(Fig. 6.1).

Coastal Geology Mapping System — Conceptual Framework
The mapping system involves three key elements:

a. use of a progressive subdivision or hierarchy of scales to
examine the coast;

b. development of a flexible information format using coding
sheets, and standardized codes to describe the physical
coastal characteristics; and

c. preparation of maps which summarize the basic shore-
zone characteristics and the distribution of replicate
shore types.
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Figure 6.1. Location of the coastal mapping project in the
central Sverdrup Lowland. For each of the four geographic
areas outlined, a set of maps (scale 1:125 000) was completed
that summarize the physical coastal characteristics.
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Figure 6.2.
Sverdrup Lowland.

King Christian, S. Ellef Ringnes and Cornwall islands there was also oblique coastal photography (B)
flown at 125 m altitude in 1976 or 1978 and some field observations (C, D). This figure illustrates the
shore zone at and just north of Cape Abernethy, King Christian Island (KC 4 — Fig. 6.3).

Subdivision of Coastal Zone

A flexible and practical method for coastal-zone
analysis is to subdivide the coast into smaller sections until
the desired or most appropriate scale is achieved. A
systematic examination of a coastline reveals segments of
coast which are very similar and others which are different.
Thus, the coast is initially divided into a series of shore units
each of which is homogeneous alongshore e.g.a continuous
sand beach. The units are described in terms of across-
shore zones which are usually divided on the basis of tidal
Zones (supratidal, intertidal, subtidal).  The alongshore
boundaries of a unit (indicated by a double slash — Fig. 6.3)
are defined by a change in character of one or more across-
shore zones. For instance, a new shore unit is defined where
the slope or texture change in one of the tidal zones. A shore
unit usually extends from the seaward limit of nearshore
processes to the landward limit of marine processes or the
top of a coastal cliff

The across-shore zones can be further divided into
components which define specific geomorphological features
{e.g. storm ridge) which implicitly provide information on the
process(es) that controls or developed each feature.

The extent to which a coast is subdivided is a function
of the availability of information and of the proposed scale of
mapping for each mapping program. For instance, in the
British Columbia coastal mapping programs cited above,

ofF: ™

I
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EXAGGERATION ~
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An example of the information base used to interpret the coastal characteristics in the
Often only vertical aerial photography (1:60 000) was available (A), however for

shore components were the primary building blocks used to
describe the shore zone. In the present study, the extremely
limited coastal information base restricted the extent to
which the shore unit could be divided. Moreover, there was a
requirement for information about the adjoining hinterland
for the planning of support facilities for marine terminals.
As a result, the shore units were divided into only two across-
shore zones — the terrain zone and the shore zone. The
terrain zone included land adjoining the beach extending to
the 30 m contour, and the shore zone included the beach and,
where information was available, the nearshore.

Often a section of coast is characterized by a close
repetitive series of two or more homogeneous units,
e.g. KC 4 (Fig. 6.3) — sequence of sand beaches and river
deltas. Since mapping of each individual homogeneous unit
would involve considerable repetition, it is more practical to
use composite units. Each composite unit is subdivided into
primary and secondary parts. The primary subdivision is the
predominant repetitive sequence and it accounts for 50 per
cent or more of the unit length. The secondary subdivision
(indicated on maps by single slashes encompassing the symbol
s1»23 1) js the minor repetitive association and may
account for up to 50 per cent of the unit length. It is possible
that two or more secondary subdivisions may be identified. If
the physical characteristics are similar the secondary
subdivisions are identified by the same superscript, e.g. Sty if
their g:haracteristics change, the superscript also is changed,
e.g. 5%

4]



Table 6.2

Eight generalized shore types are defined for the central Sverdrup Lowland. The distinguishing
physical characteristics of each shore type and the pattern used on the maps (Fig. 6.3) to identify
each are as follows:

1. Cliffed Coast 2. Banked Coast

42

consolidated or uncon-
solidated material, with
or without talus

greater than 3 m in height
may be fronted by a beach

3, Gravel Beaches

generally associated with
well-preserved raised
beaches having a
distinguishable surface
relief

characterized by a
moderate foreshore slope

5. Fine Textured Beaches (Fig. 6.4B)

preferentially developed on
shales, particularly on
Christopher Formation

see text for additional
information

7. Deltaic Coasts

coasts dominated by
active deltaic

erosional coast characterized
by scarps less than or equal
to 3 m in height

may be fronted by a beach

banks may be discontinuous

4. Sand Beaches (Fig. 6.2)

characterized by a low to
moderate foreshore slope;
may include a low erosional
bank in the backshore

frequently exhibit a dense
network of consequent rills
or streams

preferentially associated
with sands and sandstones,
most notably Isachsen and
Eureka Sound Formations

6. Wide Intertidal Coasts

shores with a wide shallow
subtidal/intertidal area

contiguous terrain is
generally lowlying but may
have local areas

of moderate angle slopes;
the coastal area may be
complex with many small
embayments, discontinuous
low banks, and localized
deposits of marine reworked
sediments (Lougheed Island)

8. Ridged Coast (Fig. 6.4A)

generally associated with
fine textured sediment

sedimentation T3] derived from other fine
. >>>1 textured materials (e.g.,
active deltas are 2221 siltstone or shale) or with

invariably fan shaped

with an arcuate front;
channels are wide, shallow,
and braided; deltas may
project as much as 2 km
beyond the adjacent coast-
line; channels frequently
incised in older deltaic
sediments; coastal areas

at the active channel mouth
may have discontinuous
barriers which are initiated
by ice thrusting, but may
be reworked by waves and
breached by river action

gravel deposits; may include
low banks and beaches with
a berm, but both are
frequently and extremely
modified by ice thrust

see text for additional
information
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Figure 6.3. The coastal geology map of southeastern King Christian Island illustrates how the
primary coastal characteristics are summarized and displayed. Initially shore units (outlined by
double slashes) are defined e.g. KC 4, and each is described using a coded descriptor (Table 6.2). The
distribution of generalized shore types (Patterns — Table 6.2) are shown alongshore and where
applicable, secondary shore units (S2) and variants (V') also are located.
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Table 6.3

Shore unit descriptor ~ a simple descriptive code provides a summary of the physical character of
each shore unit. The descriptor is defined in terms of four parameters. These are examples of some

of the codes used to describe each parameter.

1. Texture of material

2. Dominant process or processes

operating on the shore zone

s sand (0.063 <D < 2mm)

f fines (D < 0.25mm) F

¢ silt (0.004 < D < 0.063 mm) I

¢ clay (D < 0.004 mm) w
K

3. Slope of foreshore

4. Shore zone morphology

fluvial

marine (ice)
marine (wave)
thermokarst

1 low slope

Example of Descriptors

Descriptor  sWm — SBF
+44 44
Parameters 123 4

fIKm - SFRik

sFl —-T

B or Bb beach with berm

Ridged morphology —

m moderate slope F
s steep slope (angle of S
repose or steeper) T

Ri

Rk

Rw due to presence of raised beaches

This unit exhibits a moderate sloping
sandy shore zone dominated by marine
wave processes. The foreshore has a
simple incline topped with a berm.

A low bank less than 3 m in height
divides the backshore from the
adjoining terrain.

This unjt exhibits a moderate-slope
fine-textured shore zone dominated
by ice thrusting and thermokarst
activity. The shore has a simple
incline backed by a bank less than

3 m high and by a series of ridges
formed from a combination of ice
thrusting and thermokarst activity.
A secondary coastal type which
occurs within this unit is a low
angle, sandy shore which primarily
reflects the presence of fluvial
processes and associated sediment
deposition in a deltaic environment.

bank, height <3 m
simple inclined surface
delta, braided channel, fan

due to sea ice thrusting
due to thermokarst

Often the continuity of a shore unit is interrupted by
minor shore-zone features such as a spit or a small stream.
A variant (indicated by the symbol V¥’*'3_.n — Fig. 6.3) is
used to delineate these minor features. Variants may in some
cases be repetitive, but account for less than 10 per cent of
the unit length. More than one variant may be identified in
each shore unit.

In the Sverdrup Lowland study, primary subdivisions,
because of the scale of mapping, were restricted to lengths
greater than 2km. Features or areas less than 2 km but
more than 0.5km in length were identified as secondary
subdivisions or variants. To avoid unnecessary clutter,
secondary subdivisions less than 0.5km in length were
generally not plotted on the maps; however, they were
identified in the unit descriptor and described on the coding
sheets, e.g. KC5 (Fig. 6.3, Table 6.1). The relative
percentage of the total shore unit length occupied by primary
or secondary subdivisions or variants is coded on the coding
sheets (Table 6.1: | = 0-20%,... 4 = 80-100%).

Uy

Detailed Information Base — Organization and Coding

The detailed physical characteristics of each coastal
unit are compiled on coding sheets (Table 6.1) by making use
of standardized codes. The codes, which are a simple
translation of descriptive terminology into alphabetic
notation, are standardized for use in any coastal region of
Canada. Although the total array of codes is already large,
the system is flexible so that new codes can be added if
necessary. For instance, additional codes were required in
the Sverdrup Lowland project to reflect arctic conditions and
the presence of sea ice and permafrost. In this paper, it is
not possible to define all of the codes used; the reader is
referred to the code books which accompany each
mapping  project (e.g. Owens, 1980; Woodward-Clyde
Consultants, 1980).

The objective of the coding sheets is to display, in a
systematic fashion the detailed physical characteristics of
the shore units, across-shore zones, and shore components.



Figure 6.4A.

The dominant characteristic of the 'Ridged
coast' is its very irregular hummocky topography. The
desiccated ridges shown here on south King Christian Island
(KC 26, Fig. 6.3) were formed by ice push.

The coding sheets allow a wuser to pull out relevant
information for a specific purpose and the codes facilitate
the storage and analysis of the data by computer.

Information on the coding sheets focuses on sediment
texture, primary geomorphological features, and primary
processes affecting each shore unit. However, flexibility in
the coding sheet format allows it to be adapted to individual
mapping projects. In the present study, the shore units were
divided into only two zones but additional information on
geology, land use interpretations and specific hazards to
development were included because of their usefulness in the
preliminary selection and assessment of sites for marine
terminal facilities.

Each shore unit is identified on the maps and the coding
sheets by an alphabetic code and a number. The alphabetic
code refers to a specific island and the units on each island
are numbered consecutively e.g. KC 3 is King Christian Island
unit 3 (Fig. 6.3). Once the physical characteristics of each
unit are listed on the coding sheets, the primary elements of
each shore unit are summarized and displayed as a coded unit
descriptor (Tables 6.1, 6.3).  The shore unit descriptor
summarizes the following information: (1) sediment texture,
(2) dominant process or processes operating on the unit,
(3) foreshore slope, and (4) shore zone morphology. Two
examples of shore unit descriptors and their interpretation
are provided in Table 6.3. In the case of a composite shore
unit, the descriptor of the primary subdivision is displayed
above the descriptor of the secondary subdivision.

The detailed physical coastal information is also used to
define a limited number of generalized replicate shore types
or coastal classes for the study area. In the central Sverdrup
Lowland eight replicate shore types are defined (Table 6.2).
The most common shore type is the sand shore or 'Sandflat'
coast (McLaren, 1977; Taylor, 1980) which is characterized
by continuous sand beaches with a very gradual slope
(Fig. 6.2). Two other shore types strongly reflect the arctic
environment. (1) The 'Ridged' coast is characterized by very
irregular hummocky ridges, generally formed by sea ice
thrust, but due in some cases to retrogressive thaw flow
slides (KC 26, 7 — Fig. 6.3, 6.4A). The 'Ridged' coast is often
associated with shores composed of fine grained sediments.

Figure 6.4B.

An absence of normal beach form and the
presence of one year old all-terrain cycle tracks (faint ones)
across the intertidal zone, suggest little or no reworking by
littoral processes along the shores of northern King Christian
Island.

(2) The 'fine-textured' beaches are composed of sediment
finer than medium sand. Although the size of sediment is
primarily a function of the underlying bedrock or source rock,
the absence of a normal wave-built beach profile reflects the
limited wave energy conditions due to fetch restricted by sea
ice (Fig. 6.4B).

Coastal Geology Maps — A Summary

A synthesis of the detailed physical coastal information
listed in the coding sheets is displayed on maps so that a user
can obtain a quick overview or summary of the primary shore
characteristics. A set of two maps is prepared for each
island. The first map (Fig. 6.3) focuses attention on the
location of shore units, the shore zone characteristics and the
distribution of replicate shore types. Adjacent to each shore
unit is a coded descriptor which summarizes the physical
characteristics of the unit. The distribution of replicate
shore types is shown using distinctive patterns (Fig. 6.3) and
their distinguishing characteristics are listed in the map
legend (Table 6.2). The only terrain information provided is
the map contours. The 100 foot (30 m) contour is accented in
the present study because it is used to compute a repre-
sentative slope between it and the shoreline. Additional
information pertaining to the coastal hinterland e.g. terrain
sensitivity, is displayed only in the coding sheets.

On the second map, emphasis is on plotting process
elements, e.g. winds, tides, currents, waves, and factors
which affect littoral processes, e.g. nearshore bathymetry.
However in the central Sverdrup Lowland, process
information is extremely limited. In this study symbols were
used to indicate shores affected by sea ice-thrusting and
ridging, the direction of longshore sediment transport,
nearshore bathymetry, and the extent of raised beaches
(Fig. 6.5). As more process information becomes available, it
can be added to the maps. Boundaries of shore units are
plotted on the second map to facilitate a comparison with
information on the first map.

Other relevant coastal information such as field
observations of beach profile or sediment sample data are
included on one or both of the maps as inset diagrams or
tables.

45



101°30' 101°(|)o' 100° 30"
| . !

55'— — 55
77°_ _T17°
50' 50
45'— —45'

77° _ _T7°
40' 40

101°30' 10100 100° 30'

46



ON SITE SYMBOLS

indicates the direction and approximate orienta-
tion of ice thrust features; numerical codes lo-
cated adjacent to this symbol indicate the maxi-
mum inland extent of ice thrust scars which are
thought to have been formed by contemporary pro-
cesses.

0. thrusting forming offshore ridges of sediment,
1 thrusting does not extend beyond the beach,

2. thrusting penetrates less than 100 m,

3 thrusting penetrates 100 m or more.

The extent of raised beaches has been outlined by
either solid or dashed lines enclosing the letter
o r (solid lines indicate a well-defined boundary:
~ - dashed lines indicate approximate or assumed boun-
daries).

The location of remnant piles of sea ice thrust on-

QD to the foreshore or backshore has been mapped on
the basis of presence on either oblique or vertical
air photographs.

The location of ice thrust or pressure ridges in
X the offshore area has been mapped on the basis of
presence on the vertical air photographs,

:a Indicates the location of ice thrust sediment
mounds occurring within the nearshore region.

Indicates the direction of net sediment trans-
port as indicated by the orientation of spits
and transverse bars, or by the configuration
of deltaic sediments.

Indicates the location of profiles surveyed by
Taylor, 1980,

Indicates bathymetric spot depth in metres
66 (from Hydrographic Charts).

Indicates approximate isobaths in metres (from
50/ Hydrographic Charts).

~

Figure 6.5.

For each of the geographic areas mapped, a second coastal geology map was used to

depict process parameters (when information was available) and coastal characteristics which result
from or affect the processes which dominate a particular shoreline. This map is of southeastern King

Christian Island.

Summary

A coastal geology mapping system is proposed which
can be used at a variety of scales, in a variety of coastal
environments in Canada. Thus far, the system has been used
at scales ranging from 1:4800 to 1:125 000 for coastlines in
both temperate and arctic regions. The system is compatible
with the surficial geology maps published by the Geological
Survey; thus a uniformity of mapping is achieved and terrain
information now can be directly incorporated into the coding
sheets of the coastal geology maps. Following a systematic
approach, all available physical coastal data can be included.
The system is designed to present detailed information on the
coding sheets and a summary of the primary coastal elements
on the maps. With the coding sheets, a user can pull out
relevant data for specific purposes such as oil spill counter-
measures, coastal zone planning, etc.  Also, since all
avaijlable data are included, costly remapping of an area for
specific users is eliminated. New information, when it
becomes available, can be added to the data base because of
the flexibility of the system. An index of reliability of the
mapped data and other information is built into the scheme
by listing all sources of information and by identifying field
study areas and the location of reconnaissance aerijal surveys.
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