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"A Study of Processes in Sediment Deposition and
Shoreline Changes in the Point Pelee Area, Ontario.”

by John P. Coakley.

'ABSTRACT

This report examines the long-term etrosion at Point Pelee in the
perspective of the geoiogical history. The various proéesses causing

sediment movement and erosion are examined and analysed.

It is concluded that:

a. Point Pelee was formed originally some 4,000 years ago and
for the most part, the shoals and land forms are relict
deposits which have been re-Workedvto their present con-

figuration.

b. - The net littoral drift is quite low. On the east side it is
less than 25,000 m3/ year and directed southward to the tip
of the Point. On the west side the littoral drift is about

4,000 m3/ year and directed northward.

c. On the shoal off the Point the net sediment movement is east-

ward.

d. Dredginglon the shoal will affect the nearshore regime, par-

ticularly if located too close to the shore.




P | " “A Study of Processes in Sediment Deposition and
‘ Shoreline Changes in the Point Pelee Area, Ontario"

by John P. Coakley

ABSTRACT

Ever since its formation as a much larger coastal feature some 4000
years ago, Point Pelee has been receding landward (i.e. northward and
- westward) under the influence of rising‘1ake levels and increasing wave
stress. Using some reasonable aésumptions, we estimate the average rate
of retreat since that time as being in the order of 2.5 m/yr (northward)
and 0.25 m/yr (westward). More recent\trénds inferred from the historical
record (repofts, surveys and charts) indicate significant change from this
overall trend. Average westward recession since 1918 for large portions
O of the east side of the Point now reach more than 3 m/yr, and the |
partially submerged spit south of the Point has been greatly reduced in
length. At the same time, however, Some areas have remained stable or
show a degree of accession over this period.

Sediment distribution patterns observed on the Shoal and model
calculations of littoral drift along both sides of Point Pelee show the
following pattern:

1. The dominant trend of sediment movement in the central and
southern portions of thésghoal is from west to east, in spite
of the reverse direction predicted on the bésis of the expected
wave drift effect. . .

2. In the more'northern areas of the Shoal, the pattern is not as
clear due to depth 1imitations on survey coverage. However,
observations of the changing trend of the submerged spit and

other evidence suggest that depositional patterns in this area




are highiy variable. It is postulated, therefore, that thfsv
area constitutes a temporaky storage and transfer area for
‘sediments in the Point Pelee littoral drift system.

3; Littoral drift on both sides of the Point often réverses in
direction according to the preQai]ing wave climate but on the

'.east side, the net direction was calculated to be southward at

rates of ca. 25,000 m3/yr. On the west side, net rates are
Tower at ca. 4,000 m3/yr toward the north.

Short-term monitoring of bqttom currents inthe area are for the most
part consistent with the above sediment dispérsal pafqerns, but the energy
spectra of the currents suggeét that agents such as lake circulation effects

(especially those related to seiching) are of greater importance than waves
invsediment distribution pdtterns on the Shoal.

On the basis of the above information, it is concluded that there is
little evidence that commercial dredging in the.soﬁtherﬁjnost areas of the
Shoal is an important factor in shoreline changes on the Point. However,
the dredging operations in the vicinity of the spit itself during the
early 1900's, and the EIose proximity of more recent operations (up until
1973) to the postulated storage area in the northern areas of the Shoal
should definitely be considered as adQerse factors in exp]aﬂﬁng the recent

trends in shoreline changes at Point Pelee.



®

CHAPTER 1

CHAPTER 2.

CHAPTER 3

. . 1
2

‘TABLE OF CONTENTS

INTRODUCTION

1.1 REPORT CONTENTS

1.2 SUMMARY OF CONCLUSIONS
1.3 SUGGESTED FUTURE RESEARCH

BACKGROUND INTO THE ORIGIN OF POINT PELEE, HISTORICAL TRENDS IN
SHORELINE PROCESSES, AND DREDGING IMPACTS ON THE SEDIMENT REGIME

2
2.

2.3

2.4

) 2.20
2.2

THE ORIGIN OF THE POINT PELEE - PELEE SHOAL FEATURE

'HISTORICAL SHORELINE TRENDS AT POINT PELEE

2.2.1 Comparison of hydrographic maps and charts

2 Comparison of land-based and topographic surveys
.3 Administrative and scientific reports as an
indication of historical shoreline trends

BACKGROUND INTO SELECTED CAUSAL FACTORS IN
ACCELERATED SHORELINE CHANGES

2.3.1 Historical lake levels and shoreline changes at

Point Pelee

.2 Harbour maintenance dredging

.3.3 Commercial sand dredging operatioms in the
vicinity of Point Pelee

SUMMARY

SEDIMENTS AND SURFACE ASPECT OF THE PELEE SHOAL

3.1

3.2

3.3

3.4

INTRODUCTION

3.1.1 Previous work

DISTRIBUTION OF SURFICIAL SEDIMENTS

3.2.1 Sand deposits

Gravelly deposits
Glacial till ’
Bedrock

3.2.5 Littoral drift material

SUBSURFACE SEDIMENTS OF THE PELEE SHOAL

3.3.1 . Borehole logs
3.3.2 Jetting probe data

BEDFORMS AND BOTTOM FEATURES OF THE PELEE SHOAL

3.4.1 General bathymetry
3.4.2 Bedforms and bottom £features

.2
o2
2

w W w
s WN

*
.

10

11
15

17

18

21
21

23

25

25

25
26
27
27
28
29

29
29

30

30
33
33

34 .
35



3.5 DATA INTERPRETATION : . 38
‘ 3.5.1 Present and past sedimentation patterns
3.5.2 Geometry and volume of Pt. Pelee sand and 40
: ‘gravel deposits | :
3.5.3 Interpretation of shoal relief and bedforms 42
CHAPTER 4 LAKE PROCESSES IN THE POINT PELEE AREA 45
4.1 INTRODUCTION ’ 45
4.2 BACKGROUND ON THE WIND REGIME OF LAKE ERIE 45
4.3 WAVE PROCESSES AT POINT PELEE ' 48
4.3.1 Wave climate for the 1974 period 51
4.3.2 Longshore sediment transport at Point Pelee ‘ 52
4.3.3 The effect of the Pelee shoal on waves reaching 54

Point Pelee
4.3.4 Interaction of waves with the Pelee shoal sediments 57

4.4 BOTTOM CURRENTS IN THE POINT PELEE AREA 59

4.4.1 Results of the bottom current monitoring study 60

4.4.2 Bottom currents and bottom deposits 67

4.5 MODERN LAKE LEVELS AND STORM SURGES 71

4,5.1 Seasonal fluctuations 72

4,5.2 Storm surges at Point Pelee 72

4.6 JICE CONDITIONS AT POINT PELEE : 73

CHAPTER 5 SUMMARY OF MODERN SEDIMENT DYNAMICS OF POINT PELEE DEPOSITS 75

5.1  INTRODUCTION _ 75

5.2 THE INTERRELATIONSHIP BETWEEN LAKE PROCESSES AND 75
SEDIMENTATION AT POINT PELEE

5.2.1 VWinter months . . 77

5.2.2 Spring months 77

5.2.3 Sumimetr months ' : 80

5.2.4 Fall months 83

5.3 SEDIMENT SOURCES AND BUDGETS ' , 85

5.3.1 Erosion of unconsolidated glacial material shorelines 85

5.3.2 Bottom erosion of tills 86

5.3.3 Relict deposits 86

5.3.4  Summary 87

5.4 PROBABLE EFFECTS OF COMMERCIAL DREDGING SOUTH OF POINT-PELEE 87

. 5.4.1 Dredging prior to 1918 _ 88

5.4.2 Dredging after 1918 88

REFERENCES ‘ . : 91

ACKNOWLEDGEMENTS ' 94

38 -




Frontispiece

Figure

. Figure

Figure

Figure

Figure

Figure
Figure

Figure
Figure

Figure

O

LIST OF FIGURES

Falsevcolour infra-red aerial photograph of Point Pelee
(taken March 1973).

Location map of the study area.

Location of geomorphological features and borehole locationms

in Point Pelee National Park and vicinity. The position of

the beach ridges and dunes were taken from the same aerial
photographs that comprise the Frontispiece. Boreholes and
radio carbon: dates within the Park were taken by Terasmae (1970)
and are subscripted "T". Those subscripted "Z" were collected
as part of the CCIW study in 1974.

- Reconstruction of the evolution of the Point Pelee foreland

- 3500 years ago to the present (from Coakley, 1976).

Comparison of hydrographic maps of the Point Pelee area.
Map designated "A" was taken from "North America. Lake
Erie West End. From the U.S. Coast Survey, 1849, published
1864". (Public Archives of Canada, Map no. PAC-31-1864).
Map designated "B" was traced from U.S. Lake Survey chart
no. 6, Lake Erie, a copy of which accompanied Ag. Distr.

Engineer Craig's report of 1914.

Summary of net shoreline changes at Point Pelee for the
period 1918 to 1973 as tabulated in Table 2.2.

Time history of yearly mean lake levels for Lake Erie
(Port Colbourne gauge) for the period 1860-1970. The
heavy line denotes a level midway between high and low
extremes.

Location of commercial dredging licences in the vicinity of
Point Pelee since 1862, based on available information and
maps from Dept. Public Works, Ontario Min. Natural Resources,
and the Public Archives of Canada.

Location of sediment and bathymetric data collection sites.
Echograms, cores, and Shipek samples were takem in 1974.

Bottom sediment types in the vicinity of the Pelee Shoal,
using the classification scheme of Folk (1965).

Distribution of mean grain diameters (in ¢ units) for
samples collected in the vicinity of the Pelee Shoal.
Contour interval - l¢. Inset at top right shows a section
through the contoured values along A - B.



Figure

Figure

Figure
Figure

Figure

Figure

Figure

Figure

Figures.19A~D

Figure

11

12

13
14

15

16

17

18

20

Logs of boreholes taken in 1974 using the Alpine Vibro-
corer, showing sedimentary sequence, elevations (referred
to Great Lakes Datum, 1955) and radio carbon dates of
Pelee Shoal sediments.

Longitudinal and transverse sections (AB, CD.on Fig. 2)
through Point Pelee subsurface deposits, using all available
borehole logs. (Boreholes with "Z" subscript denotes those
collected in 1974 whose elevations were referred to GLD,
1955).

- Bathymetry of the Pelee Shoal based on echo-sounder survey

in 1974, AA and BB indicate the positions of transverse
depressions across the northern part of the shoal,

- Subaqueous geomorphology of the Pelee Shoal, based on echo-~
grams taken in 1974. For vertical sections referred to, see
Figt 309_0 '

Vertical sections through features on the Pelee Shoal,
identified on Fig. 14. '

- Principal tracks of low-pressure systems (cyclones) for March,

August and October with corresponding wind roses for Lake
Erie. Cyclone tracks were taken from Klein (1957) and wind

roses wave based on 1l0~year average calculated by Richards
and Phillips (1970).

Location of process moﬁitoring instruments in the vicinity
of Point Pelee,

Summary of wave statistics for east and west sides of Point
Pelee, May - December 1974, using Wave Rider sensors.

Distribution of sediment transport indices for refracted waves
transversing the Pelee Shoal. '

A. Waves from the northeast (wind épeed 14.4 m/sec)

B. Waves from the east (wind speed 17.0 m/sec)

C. Waves from the southeast (wind speed 14.4 m/sec)

D. Waves from the west (wind speed 17.0 m/sec)

Example of self recording current meter packages installed
on the bottom near Point Pelee (refer to Fig. 17). A)

=~ Marsh-Birnev. . electromagnetic current sensor; B)

- power and recording canister; C = Pinger for relocating

the package; D - mounting rack; E - support pipe for
anchoring the package.



Figure

Figure

Figute

Figure

Figure

Figure

21

22

23

24

25

26

Drogue trajectories recorded at Point Pelee (June and July,
1974). :

Surmary roses of current frequency and direction for current
monitoring sites in the vicinity of Point Pelee. For percent
frequency data, refer to Table 4.4 to 4.6, Circle represents
50% frequency. '

Represgntative energy density spectra for current vectors,

Point Pelee. Hourly data used in computer program by F.
Chiochio. :

Location of shore erosion monitoring profiles on Point Pelee.
Profiles established by Shore Properties Section, Ocean and
Aquatic Sciences Directorate.

Summary of volumetric profile changes at Point Pelee (June
to September 1974).

Interpfetation of the major patterns of sediment transport
and deposition in the Point Pelee - Pelee Shoal area.



Table

Table

Table

Table

Table

Table

Table

Table

Table

2.1

2.2.

4.1

4.2.

4.3

4.4

4.5

4.6

4.7

LIST OF TABLES

Historical positions of prominent geographic features
in the vicinity of Point Pelee (1864-1950).

Historical and recent rates of change in Point Pelee
shoreline positions.

Point Pelee yearly frequency of occurrence of wind by
direction and speed classes, for ice-free conditions
(1.e. excluding January and February).

Effective fetch lengths and mean water depths for wave
generation at Point Pelee, for the seven wind directionms
in Table 4.1. :

Hindcasted waves for each wind speed class of Table 4.1,
using fetch lengths and water depths in Table 4.2. :

Seasonal current meter sﬁmmaries (summer).
Seasonal current meter summaries (fall).

Seasonal current meter summaries (combined summer and
fall).

Sediment transport indices for current meter sites.

12
14

46

46

49 -

61
62

63

69




1. INTRODUCTION

Point Pelee, a cuspate foreland extending southward for more
than 12 kilometers from the northern shore of Lake Erie in Essex County,
is one of the mbre impressive natural features of the shoreline of that
lake (Fig. 1). . It comprises roughly 80 square kilometers of wooded
dunes, beaches, lowlands, and marshes, a large portion of which has been
artificially drained for agricultural use. Point Pelee Natibnél Park,
which occupieé the southernmost portion, is a well-known natural presérve.
To the south of the Point, a broad, sandy shoal continues for another 12

kilometers.

Shoreline recession has been a major cause for concern for the
inhabitants of Point Pelee for decades (Section 2.2.3) and a variety of
causes have been cited for its occurrence, ranging from natural (rising
lake levels) to man-induced (conflicting land-use; sand-mining). However,
almost all of these causes have been proposed in the absence of any clear
knowledge of either the mode of origin of Point Pelee or the.long-;erm

\,
trends and short—-term processes and responses that determined the evolution

of this lanaform. Basic questions dealing with the originm of the l;ﬁdform
itself, the character, sources, and quantities pertaining to the deposits
that make up Point Pelee and its associated depositional features are still
largely unanswered. ¥For instance, until how it was generally believed that
.the landform was a simple cuspate spit formed by accretionary prbcesses and
that the erosion taking place represented an abnormal reversal of this trend.
Recent research has cast comsiderable doubt on this model of formation. So,

although the main problem at Point Pelee, from an economic point of view, is

shoreline recession, before this problem can be understood and alleviated,



;" the fundamental physical processes (6f which recession represents only a

highly visible part) must be studied and documented.

-The report presented here is directed toward this goal and

will address itself particularly to the following aspects of coastal sedi-

mentation in the vicinity of Point Pelee:

1.

3.

The criticallreview of the existing literature and results

~ of investigative reports on trends and developments in the

coastal zone at Point Pelee, with a view to providing

"a long-term perspective on coastal evolution at Point Pelee.

The quantitative definitioni of the sedimentary deposits
making up the Point Pelee complex, with special emphasis

on the heretofore undefined Pelee Shoal entity, aimed at in-
terprétating‘the past and present depositional conditions

there.

The examination of the dominant components in the physical
process regime of the area which, cogethér with process-
related sediﬁent parameters, will contribute to the develop-
ment of a conceptual model of sedimentation for the Point

Pelee - Pelee shoal.éomplex.

The utilization of the insights gained in the above aspects
in commenting on the probable impact of offshore commercial
sand-dredging operations on the sedimentation regime at Point

Pelee.

1.1 REPORT CONTENTS

The format of the report follows the above separation. Chapter

2 summarizes the salient points gleaned from the literature and historical

" records dealing with the origin of the landform and the evolution it has

undergone up to the present, and establishes quantitative values for the



historical shoreline changes that have occurred. Chapter 2 also examines

in a genetal way the probable causes of these changes and introduces the
background for the‘offshore dredging controversy that will bé discussed later
in the report. Chapter 3 and 4 present the results of field studies under-

. taken by Canada Centre for Inland Waters in 1974 into the sediments and
physical processes characterizing the Point Pelee deﬁositional complex
(enﬁompassing the Point itself, the bordering nearshore zone, and the shoal
entity to the south). Finally, Chapter 5 combines the results from both
areas (sediments and processes) into a statement on the dynamics of éediment
deposition around Point Pelee and the impact on this depésitional system of

commercial dredging south of the Point.

While some detail has been eliminated from the report for the
sake of conciseness, as many of the basic data as possible were included
in summary form to enable the informed reader to judge the validity of the
.conclusions. It is also hoped that the report would be useful to planners
and engineers as a soﬁrce of basic data and concepts on this complex coastal

area.

1.2 SUMMARY OF CONCLUSIONS

The major conclusions presented in the report are as follows?

1. Point Pelee was probably formed some 4,000 years before present,
through the merging of fringing beaches built up around the pro-
montory of Ehe Pelee - Lorain moraine. These beaches were formed in
large measure from the sandy material eroded from the shorelines to the
north-east, north-west and the material discharged onto the existing shore-
line by post-glacial streams. As lake levels rose, these fringing
beaches and dﬁnes_retreated landward or were submerged, the latter

forming the shoal structure to the south of the present Point Pelee.



‘The materials comprising Point Pelee and its adjacent shoals are

, *
for the most part relict deposits which have been re-worked

and re=distributed to their present configuration. 1In ochef'words;

~ the present form of Point Pelee is the result of erosion, rather

than accretion as in the normal mode of spit formation.

Present-day sedimentological processes are chafacterized by low
leveis of longshore drift (less than 25,000 ﬁa/yr),*f which on

the east side is usually directed southward during easterly wind
and wave conditions.  Storm surges which usually accompany such
conditions cause wash-over of the east beaches, resulting in the
one-way transfer of considerable beach material to the backbeach
and marshes behind. The major sources for these sediments are the
erosion of bluffs to the east and adjacent offshore deposits. During
périods of southerly to westerly winds and waves, the direction of
littoral drift on the east side is predominantly northward. It
appearé therefore, that an area of temporary storage for littoral
material exists to the south of the tip of Point Pelee, extending
southward to the depth-limit of breaking waves (a distance of about
2 km). On the west side of the Point, the calculated net amount of
littoral drift'is much lower at approximatelyvd,OOO m3/yr (which is
the margin of error of the calculation), and is directed northward
under all conditions except during westerly or northwesterly QaVes

when drift is toward the south. The most probable sources of littoral

~ drift materials on the west side are the southern shoreline portion

and the western portion of the temporary storage area just south of.
the tip of the Point. The material transported northward is presumed to .
be deposited in another temporary storage area at the extreme north of
the west reach in the Leamington - Sturgeon Creek area. In'summari,
the west side appears to be, for ail intents and purposes, stable or

changing at low rates, whereas the east side has a net erosion.

On the shoal, the net direction of bottom transport, both for the
period studied and over the long-term (on the evidence of the sediment

distribution) is east southeastward. Evidence of northward transport

Earlier sedimentary bodies laid down when different depositional
conditions prevailed in the area.

%% v , ‘
Longshore drift at Long Point has been estimated by Liard (1974) at
510,000 m 3/yr.




of significant volumes of bottom materials is lacking. Such transport,
especially from the northern portion of the shoal (in the vicinity of
the postulated storage area) could occur at those times of the year

(fall months) when southerly wave action is greatest.

Sand dredging close to the tip of the Point, in particular, the land-
based operations allowed between 1912 and 1918, were apparently in-
strumental in removing vast quantities of sand directly from the
submerged‘spit. The sub-aerial portion itself was reduced approximately
1 km in length as an alleged . result of these operations. At'this time
the northernmost channel now visible on the shoal was probably opéned or
widened, facilitating greater sand transfer from the east to the west
side, and vice versa. Excavation of the area on such a scale would also
be expected to intensify the iocal wave climate and lead to increased

recession along adjacent reaches.

Although it is unlikely that dredging at 1973 levels would
have any appreciable effect on the wave energy distribution at Point
Pelee, the proximity of the focus of dredging operations to the cri-
tical storage area south of the tip would pose a definite risk of
interference with this source of material for beaches on the Point,
and thus could cause recession in these areas. A more definite con-

clusion in this regard must await more specific research.

1.3 SUGGESTED FUTURE RESEARCH

Although the data and interpretation presented herein are deemed

sufficient to satisfy the specific objectives of the study, there is clearly

a need for further research into some areas in order to verify and elucidate

some of the factors that for a variety of reasoms, could not be covered

in this study. The major areas of future research are identified below

and include the work that is presently in progress.

1.

" Additional data on nearshore bathymetry and sediment distributions

to the west of the Pelee Shoal as far as Pelee Island would complete

the sediment distribution picture presented here and add considerably




to the evaluation of the volume of granular material comprising these
deposits. This work has been prepared for publication by St. Jacques
and Rukavina (1976).

Further stratigraphic data on the deposits making up the shoal are
required to provide more details om the post-glacial.environment of
deposition in the area. Such data would ser&L to refine the concept
of the mode of formation of the Point Pelee landform and associated
deposits. This work should include a program of seismic profiles
across the shoal, with the addition of more boreholes for strati-
graphic control, especially in the southern portion of the shoal.
The cores of all the boreholes should also be subjected to further

analysis, especially of their fossil content, e:g. pollen and mollusces.

Further studies should also be carried out on the genesis of both

the sand ridges on the Point and those on the shoal. The former are
presently being studied by staff of the University of Windsor.* In
the case of the latter, there is still some uncertainty as to whether
they are preserved from an earlier time in the history of the deposits.
A programme of side-scan sonar transects and coring would serve to
define these features more clearly, as well as throw light on the
existence of mass transport of shoal sediments by migrating bed
forms.

The importance of a storage area for littoral drift located just
Asouth of the Point should be verified to obtain a detailed littoral
drift budget for the Point. This could be done by detailed profile
studies over an extended period of time. Special attention should
be given to depth changes within the two transverse channels just
south of the spit.

As far as lake processes are concerned, an attempt should definitely
be made to acquire data om currents pertaining to the Fall and Spring.
Due to weather and ice problems, this might entail the development

of suitable technology to collect long periods of data in an automated

-
A. Trenhaille, Dept. of Geography, University of Windsor: pers. comm.




6.

mode under rather rigorous conditions. This is probably the best way
of determining the frequency and intensity level of north-south directed
transport vectors and thus, the degree and extent of sediment inter-

changes between the shoal area and the beaches of Point Pelee.

The wave refraction program at C.C.I.W. should be modified to inves-
tigate and predict the changes in refraction patterns that result

from wave passage over dredged holes and trenches on the shoal.

Refinements in existing models of bottom currents associated with
circulation effects in western Lake Erie should be undertaken based
on the current records collected in the area, with some emphasis on

the seasonal ¢changes in these current fields.

A study into the mechanics and distfibution of onshore-offshore

movement of littoral sediments at Point Pelee is suggested. This would ;.
contribute greatly to our knowledge of sediment transfers between the

inner and outer nearshore zone, and also aid in estimations of sediment




2. BACKGROUND INTO THE ORIGIN OF POINT PELEE, HISTORICAL TRENDS IN SHORE-

LINE PROCESSES, AND DREDGING IMPACTS ON THE COASTAL SEDIMENT REGIME.

Before discussing the processes that are presently affecting the

Point Pelee foreland and associated shoal deposits, it would help to review

the existing literature record on the area comprising scientific reports,
historical maps and accounts and other information that may be useful in
~indicating how the Point and shoal were originally formed and to identify
whatever long-term trends are observable- in the evolution of its shorelines.
This record goes back as far as the mid-1800!s, soon after settlement by
Europeans became established on Point Pelee, and therefore should indicate both

a reasonable long-term perspective of the net result of coastal processes

at Point Pelee, as well as-the impaét of human interferencé with these

i

processes.

2.1 THE ORIGIN OF THE POINT PELEE - PELEE SHOAL FEATURE.

Of all the modes of origin that have been postulated to date for
the Point Pelee - Pelee shoal complex, that proposed by Coakley (1976) is the
most detailed and up~to-date. This reconstructionAwas based on previously
published plots of the timé history of lake levels: iﬁ the western basin of
Lake Erie (Lewis, 1969) and on radiocarﬁon dgfes of.material from boreholes
on Point Pelee (Fig. 2 ). Coakley placed the origin of Point Pelee as a
sandy foreland enclosing a marsh at apﬁroximately 4,000 years ago when lake
levels were 3 to 4 meters lower than at present. The suggested mode of
formation was the transgressive merging of béach ridggs that had been built
up on the flanks of the Pelee-Lorain moraiﬁé, a cross-lake ridge deposited by

. a minor ice advance during the late Wisconsin period. 'At the time of formation,




ﬁhe Point Pelee foreland was probably much larger thén at present (Fig. 3 ),
but éince that time it has.retreated»landward to its present position undgr |
the influenée of a gradual but steady rise in lake levels, ieaQing the
present shoal area as an indication of its priof position. Another
interesting idea put forward in this reconstructionm was that the Point was
also pivoting toward the west, i.e. erosion on the east side was occurring
concurrently with a net accretion of the west side (as indicated by the
shift in orientation of successive beach ridges on that side), as a

probable result of progressive directional changes in the séctof of

dominant wave action.

) So, contrary to other hypotheses that invoke builiding of the Point

through accretion of littoral drift over the years, the above theory maintains

progressive erosion as the main factor in the development of Point Pelee.

2.2 HISTORICAL SHORELINE TRENDS AT POINT PELEE.

Because it is only conceptual reconstruction of post-glacial eﬁents
and is thus open to different interpretations, the above hypothesis can only
be used to provide a Semi—duantitative idea of the rates of shoreline retreat
or advance at Point Pelee since its formation. However, if it is assumed
that the spit at that time extended ‘as far south as where Southeast Shoal
Light now stands, thén we can ¢onclude that over 4,000 years the spit has
receded some 10,000 metres landward (northward); giving an average rate of
retreat of about 2.5 m/yr. Similarly, if the maximum distance from the
innermost beach ridge on the west side to the present shoreline isbtaken as
1000 m (Fig. 2 ), then the average réte of advance at this location is about
0.25 m/yr over 4,000 years. Similar estiﬁates are not possible for the east

side because all traces of the original shoreline have apparently been
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obliﬁerated by subsequent wave action. However, the obvious truncation of the ,

ponds in the marsh near the east shore indicate that the amount of shoreline

retreat there would be at least of similar magnitude.

Therg are obvious shortéo@ings in the practical use of such estimates,
in parficular,.the long time period over which the rates are calculated and
the unverified nature of the underlying assumptions. In looking for a more
reliable estimate of the rates of shoreline changes and thus, indirectly, the
1ntensiﬁy‘and distribution of coastal procésses, the following sources will
now be examined:
1. Comparison of present:day.maps, aerial photographs, and surveys
with those dating back as far aé possible.
2. Administrative and scientific reports dealing with shoreline
processes and developments from the archives of various

%
government agencies.

2.2.1 Comparison 6f hydrosraph

Mosi of the eafly h&drographic maps of western Lake Erie show the
position of presently-existing coastal landmarks in the area, including Point
Pelee itself, Lighthouse Point on Pelee Island, and SOutheaét shoal Lighthouse.
Also shown on the older maps are features that are np longer present, such as
the Dummy Light, once located 4 km to thé south of Point Pelee on a low bank
called the Dummy Island (Fig. 4..). A comparison of the pbsition of dynamic
features such as the tip and shorelines of-Point‘Pelee with refereﬁce to the
more stable bedrock-controlled points might indicate whether measurable
changes in position have takin place, which might be related to historical trends

in shoreline processes and evolution.

* — ‘
Much of this information was compiled by K. East, Parks Canada. For further
information on history and land use at Point Pelee, refer to Battin (1975).

=
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Table 2.1 presents positions of these features that were extracted
from maps dating from 1849 to 1950. Comparison of shoreline positions on
both sides of ﬁhe Point from ehese maps is seen to be virtually impossibie
as charting §tandards and the datums used are different from tﬁose of téday.
However, on some maps (é.g. Baird's* 1883 survey, which is not sbown in
Table 2.1 because of lack of Latitude and Longitude references) a natural
outlet through the east beach ridge that is similar to the one opened a
few years ago (1973), ié shown. This feature is not evident on later maps

so it would appear that the outlet was closed again by natural processes.

The feature on Point Pelee whose exacﬁ position has been best docu-
mented is the extreme tip of the Point (Table 2.1). 1In spite of the fact
that there is some confusion as to whether the maps refer to the tip of the
sometimes submerged sand spit or to the end of the wooded portiom, it is
apparent that changes in position of this feature could not be measured at
the resolution of the maps. Nonetheless, the maps based on the 1849 U.S. Coastal
Survey do show considerable extension of the spit feature to more than 3 km
south of the Point,‘which is lacking on the 1914 map.

On present-day maps (post 1950), the spit is still furtﬁer reduced
in length, and averages less than 0.5 km from the wooded tip of the Point.
Apart from its ghanges in length, the mapped sgit also showed a marked

‘variability in orientation, ranging from southwest to southeast.

2.2.2. Comparison of land-based and topographic surs

For historical shoreline positional trends at Point Pelee, perhaps
the most reliable indication is obtained by comparing the Department of Public

%%
Works shoreline survey of 1918 with recent topographic maps of the Point.

*
‘Alex Baird, 0.L.S.

*k ‘
DPW Map No. 4803 to accompany report by Asst. Chief Engineer, dated December
13, 1918. The map was signed by Alfred Stevens, Acting District Engineer at
Windsor. Scale 1 inch = 200 feet.
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Table 2,1 . Historical Positions of Prominent Features, vicinity of P01nt
Pelee (1864 - 1950).

'Point Pelee. "Dummz Light " 'Lighthouse Pt. Pelee Is.

%*

1849 w82° 30" 00" Not yet built W szg 37' 50"
. U.S. Coastal N 41 54' 25" : N 41 50' oo"

Survey Chart 31

(Séme map as = W 822 30' 00" W 82: 29' 50" W 820 37' 50"

above) " N 41 54' 10" N 41 52°' 20" N 41° 50' 00"

revised 1898 :

U.S. Lake W szz 30' 30" w 82° 30' 25" Not shown

Survey N 41° 54' 25" N 41° 52" 15"

1900 ‘

Kindle's Map N 822 30" 30" w 82° 30" 25" w 82° 38' 25"

1933 - N 41° 54' 25" N 41° 52' 20" N 41° 49* 55"

Can. Hydrogr. W 827 30' 35" No longer shown W 82° 38' 24"

Map, 1950 N 41° 54' 35" N 41° 49 50"

There is bbviously a systematic error of 30" in Longitude in these figures
as even Lighthouse Point (a bedrock promentory on Pelee Island) shows such
a shift in Longitude.




The most accurate and recent map of Point Pelee is that presented in the
"Great Lakes Coastal ZonegAtlés (1976), derived from high-ﬁrecisien photo-
grammetric surveys éarried out in.1973. Although the DPW survey was of

a much lower precision (the traverse was not clqsed and apparently only
compass afid tape were used),it was tied in to some presently existing or
documented landmarks, sﬁgh as wharves and roads, thus making it a reasonably
reliable historical reference. Furthermore, since the comparison interval
spans 55 years and several "cycles" of high and low lake stages, the rates
of change should reflect genuine long-term trends.

Table.2.2 presents the rates of change for the Point Pelee shore-
line using this comparison, as well as other shorter-term rates that will be
discussed in later sections. A correction was applied to the values to
eliminate the horizontal displacement of the waterline brought about by
differences in lake level in the years compared (assuming a uniform shore
slope of 1 to 10). Although these data represent the most reliable and
far-reaching for the atea (Coakley and Cho (1972) used data extending
only to 1931), they still are only time<averaged statistics and should be
treated with a degrée of caution;;givén'the recognized unsteadf nature of
the shoreline changes. However, the fol}owing observations may be made:

1. The west side of the Point, with the exception of the south-
ernmost 5 Kildmetres or so, has been stable or advancing over
the past 55 years (average rate 0 3 m/yr). The latter area,
comprising the western tip of the Point shows a slight
recession over the long term (av: 0.5 m/¥r).

2. On the east side, extremely high recession rates (av. 2.8 m/yr)
occur in the northernmost portion of the,Pbint as far sduth
as the Park boundary (location E - 40). During this period,

the northern portion of the Point has receded over 200 meters

13
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TABLE 2.2 HISTORICAL AND RECENT RATES OF CHANGE IN POINT PELEE

SHORELINE POSITIONS (metres/yr)#*

Location** 1918-1973 1955-1973 1964-1973%%#
E- 25 o +0.2 negligible no meas. taken
E - 26 ‘ -0.2 ' " "
E -~ 27 40.2 © 40.5 "
E - 28 C+0.4 +0.5 oo
E - 29 +0.4 +0.1 +1.5
E - 30 4+0.2 +0.1 ‘ +1.5
E-1-26 +0.2 neg. +1.5
E - 31 -0.5 40.2 +1.5
E - 32 . =0.3 -0.2 +1.0
E- 33 -0.3 ~0.3 ' +1.5
E - 34 0.7 -1.0 -3.4
E -~ 35 ' -0.7 neg. -2.3
E - 35E +0.5 +1.4 45,4
E - 36 neg. ‘ +i.1 +4.9
E - 37 . +0.5 T 40.4 -0.1
E - 38 . +1.1 +0.3 -1.2
E ~ 39 _ neg. -0.3 <1.2
E - 40 ~1.6 -0.6 -4.0
E -.51 -1.8 . -6.1 -4.0
E - 52 - =2.5 -0.4 ' ' -4.0

1.5 km N. of E - 52 -4.4 " neg. -9.5
E - 53 -3.6 i -0.1 neg.

* All recession amounts, except those for 1955-1973 (years of approximately
similar lake levels) were corrected for lake level differentials using the
following mean yearly values: 1918 - 173.8 m;1965 - 173.4; 1973 - 174.8.

**% Locations and‘rates extracted from Great Lakes Coastal Zone Atlas (1976).

*%* Obtained by superimposing Kerr's (1964) field sheet over that of the Coastal
Zone Atlas.,



in places. South of this area, rates of change aré much
lower and a slight gccession (av. 0.5 m/yr) has character-
" ized the east tip aréa since 1918.

3.. When compared with 1918 maps, the position and the length
of the exposed spit south of the tip of the Point
apparently has changed very little.

These overall trends in the evolution of the shoreline at historical time

scales are summarized on Figure 5.

2.2.3 Administrative and scientifi¢ reports as an indication of

historical shoreline trends.

Compared with maps and surveys which are based on direct
measurements, written reports are obviously of less value in indicating
on~going shoreline trends. This is because such reports are more subjective
and usually refer to a short period of extreme events. However, they do
gife valuable indications of the natﬁre of the events and of the years in
which their effect was most pronounced.

The first reliable records of seriéusvshoreline recession at
Point Pelee are those of‘Kingmill,,Tavernerl, 3aird , Conoverz, Stevensa,
Craig¥, and Kindle, all published bétween the years 1914 - 1923. Relevant
observations by these men may be listed as follows!

1. Kingmill (1914) stated that a shortening of the spit of more than one-
half mile (800 m) within fhe previous 2 years was linked to the onshore

sand-mining operations in the vicinity of the spit.

P, A, Taverner, an ornithologist associated with the Geological Survey
of Canada.

Forest Conover, Hon. Superintendent of Point Pelee Natiomal Park, and a
1ife long resident of the area.

D.P.W. District Engineers.

15
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‘ 2. P. A. Taverner stated in 1915 that:

RN S ]

"Men still in the prime of 1ife can remember when they could walk
out dry-shod nearly to the Dummy Light (some 4 km south of the
Point)." In 1915 the length of the exposed spit was greatly
reduced. |

3., In 1917, Baird noted a reduction of 1716 feet (523m) in the length of
the spit, and extensive recession of the east side approximately 5
kilometres north of the tip.

4. Conover, in a letter dated 1918, confirmed the observations made by
Baird and estimated that "60 to 70 feet, more or less" had been lost to
the east beach, apparently in that year.

5. In contrast to the above observations, . both D.P.W. engineérs were moderate
in their assessment of shoreline changes at that time. Stevens reported
that the Point_had decreased in width by 150 ft. (45m) between 1889
and 1917 (a combined recession rate for both sides of 1.6 m/yr). Craig
went further in stating that although recession was occurring at places
along the east side of the Point, so also was accession occurring at others
The locations of both processes changed with time, therefore no statexent
could.be made on the effect of erosion on the Point as a whole.

6. Kindle (1918) attributed the shore récession to natural causes, such as
higher lake levels caused by steady 1s§static.rebound of the outlet at
Buffalo from the weight of glacial ice, and the naturél tendency of thé
point to migrate westward. He discounted dredging as a causal factor.

The loss of all Point Pelee National Park files for the period

mid-1930's to the mid-1950's preveﬁts the further tracing of historical

observations related to local shoreline changes. However, the above observa-

’ tions and the evidence of maps after 1849 and prior to 1917 especially,
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suggest that the period 1900 - 1923 or thereabouts concided with an .

apparent increase in the rate of shoreline change, mostly to the east

side and spit afea of the Point.

2.3 BACKRGROUND INTO SELECTED CAUSAL FACTORS IN ACCELERATED SHORELINE

CHANGES AT POINT PELEE.

There are a number of causes, both natural and man-induced that may
be cited to explain the apparent accelerated shoreline changes at Point Pelee.
The more possible ones may be listed in the following categories, allowing

for a degree of overlap:

1. Natural: a. A significant increase in the rate of rise of Lake

Erie levels during recent times compared to that of
earlier (post-glacial) times.

b. Recent climatic changes resulting in an increase in
the number and intensity of severe storms. ’

¢. A reduction in the rate of erosion in areas that
supply littoral drift material to Point Pelee.

2. Man-Induced: a. The removal of actual or potential littoral drift
‘ material from the coastal sediment system through
dredging or diversion offshore of such materials
(as at some shoreline structures). :

b. The lowering of the shore elevation through land-based
sand mining or as a result of deforestation, thus
permitting more frequent wash-over and loss of beach
material from the system. '

¢. Alteration in aﬂ adverse way of the ground-water
regime in the beaches caused by artificial draining of
a large portion of the marshes that once comprised .
the central portion of the Point.

A thorough and exhaustive appraisal of the role of all these pro-

bable causal factors in the changes that have recently taken place in the

long-term shoreline trends at Point Pelee is beyond the scope of this

report, and lies at the limits of coastal zone research. None of the above
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causes have been definitively verified. It may be more productive to

review two of these factors that have attracted much attention in connec-
tion with shpreline recession at Point Pelee, namely, high‘lakellevels
and the removal through dredging of sand and gravel_from the shoreline

and nearshore deposits;

2.3.1 Histofical_lake levels and shoreline changes at Point Pelee.

Lake Erie average monthly levels (Port Colborne) have fluctuated
bgtWéeﬁ a low of 173.0 m above sea level in 1935'to a high of 174.8 m in
1973, based on records kept since 1860 (Fig. 6 ). However, Liu (1970)
found no significant upward trend in similar records from Cleveland, with
the exception of a vaguely defined 8-year cycle.

. When one examines the respective durations of levels higher and
lower than a value midway-between the above extremes (173.9 m), the following
pattern emerges. During the past 114 yeérs of record, yearly average lake
levels were above 173.9 m for 61 years (53%Z) and below 173.9 m for 53 years
(47%). In other words the record is almost evenly balanced between low and
high water periods. The duration of comsecutive years of high and'low levels
was as follows:

1890 considerably above median

1860 -

1891 - 1902 . sl'ightly‘ below Median
1903 - 1909 slightly above median
1910 - 1942 : intermediate

1943 - 1961 A considerably above median
1962 - 1967 consideraﬁly below median
1968 - 1974 considerably above medianv
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Even on casual examination of these data; it is clearly apparent
that the original concern over abnormal recession in the period 1900 to

© 1923 (section 2.2.3.) coincided with years of intermediate levels (around

174.m) on the average. ?urthermore, Coakley and Cho (1972) showed that
although overall recession of the west side was coincident with a rise
in lake levels between 1931 and 1947, and a slight aécession was evident i
>betweenil947 and 1970 (years of about equally high lake levels), recession
was the rule on the east side for the entife»l931 - 1974_period, regardless
of levels. Also, Table 2.2 further suggests that the net rate of shore-
line changes (not Ehe type of change) is the most sensitive feature with
regard to changes in lake levgl. In othet words, net accession tends to
occur on the west side and recession on the east side regardless of whether |
lake levels cOmpared are similar (1953, 1973) or had risen (1964, 1973).
"In other words, there was no consistent relationship between shoreline
change and iake levels. What remains untested is ﬁhe type and rate of
shoreline change related to a fall in lake levels, for instance, for the
period 1955 to 1964, a period for which aerial photographs have not yet
been compared.

In contrast to the above indications, Seibel - (1972) detected .a
‘ pqsitive relationship between average‘lakq.levelé and average erosion
rates along the Lake Michigan shoreline (using post-1940 aerial photo-
graphs). However, the shores he studied.were not repfesegtative of landforms
such as Poiﬁt Pelee. The Civil Engineering Department of the University
of Waterloo (1976) madé similar conciusions on the relationship between
shore erosion in western Lake Ontario and the length of time that lake

levels exceeded a certain value. For the same reasons, these results also
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cann§t be applied directly to the situation at Point Pelee. -

In summary, although much further work (especially'on rates of
change during low-level staées) is required before the role of lake levels
and lake level changes are defined rigodrously, thé following comments
appear valid at this ;ime:

1. The period 1900 ; 1923, when drastic.chaﬁges in the shore regime were
first recorded, was a rather stable period of‘intermediate lake levels.

2. Recession occurs along most of the east shore regardless of lake stage,
but the rates are higher during risés in lake level or high level.
periods. |

3. Rates of change for the west si&e are generally insensitivé to lake sﬁage
and indeed indicate widespread shoreline accession during rises iﬁﬂlakef
levels and high lake stages.

4. The relationship between lake stége and shoreline changes at Point Pelee
is not comsistently positive as has-been ﬁound-with—other-éypés of shore-
line on Lake Michigan and Ontario.

Carrying the above observations further, there appedars to be some

grounds for the contention that lake levels alone are not the decisive

factor influencing net shoreline trends at Point Pelee. The Point has had

4,000 years to adjust to rising lake levels since its formation and as noted

pteviouSly} no rising tfend is evident in lake level records of the past igQ

years. If the chronic recession occurring on the east side ié viewed simply
as a deficit in beach méterial supply to the point, then this deficit would
be incompatible with the increased erosion in the bluff areas to the east

(and increased supply of sand) that would be expected to accompany higher

lake leveis, provided that this material reaches Point Pelee. 'It appears more

likely therefore, that factors other than those directly reiated to lake levels
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are worth examining, such as the interception and removal of littoral
material at local harbour entrances, and by commercial sand and gravel -

operations.

2.3.2 | Harbour maintenance dredging

Small craft harbours located at Wheatley, Leamington; and
Sturgeon Creek all have protéctive jetties which can trap littoral drift.
As a consequerice, the channels betweeg thesé jetties énd the approaches
must be kept open by dredging sand to depths suitable for navigation. The
dredged material is dumped several kilometers offshore and is thus lost to
the littoral zone.. The quantities dredged at these sites thus provide a goéd
indication of the impact of these harbours on littoral transport of granular
material.

Records kept by the Department of Public Works show that periodic
dredging is carried out only at Leamington and Wheatley. At Leamington
the average amount_dredged 1is approximately 14,000 cubic yards (10,700 cubic
metres per year (between 1932 and 1974);and at Wheatley, an avérage of
approximately 8,000 cubic yards . (6,000 cubic metfes) per year (1950 = 1974).

0f all these small harbours, only that at Leamington was in
existence prior to 1918. The present Wheatley harbour entrance was con-

structed in the 1950's, and that at Sturgeon Creék, sometimé later.

.

2.3.3 Commercial sand dredging operations in the vicinity pf Point Pelee

The dredging .of sand and gravel from the lakebed and beaches in
the vicinity of Point Pelee has been going on since at least 1907 or 1908
and probably since before the turn of the century. Licensed areas prior
té 1974 are indicated on Fig. 7, . How much sand has been taken and ftom

where it hds been taken during the earlier years of operation is not



precisely known. However, if early reports of as many as nine dredges
operating SimultaneouSIQ* are to be accepted, the quantities must have
vbeen considerable. Based on extrapolations of more recently recorded
dredged volumes between 1965 and 1972%%*, the total quantity of material
dredged from licenses on the shoal area south of Point Pelee was
estimated at around 25 million cu. yd. (19 million cu. m) since 1910.
Since 1965 the amounts extracted average approximately 350,000 cu., yd.

(267, 400 cu. m) per year.

Dating back to 1914, the dredging has been the subject of much
public controversy. Over the years, the dredgers have been subjected
to a gradual but steady curtailment of their activities. In 1910, for
example, the provincial government began to limit dredging to an area
beyond 1200 feet (366 m) from the shoreline. In 1912 and 1913, three
licenses were issued by the federal government allowing the taking of
sand right off the beaches of the Point, above the high water mark.

In 1918, these three licenses were cancelled. Concurrently, probably
because of intense public pressure on the govermment to halt the activity,
provincial authorities decided to extend the offshore limit to 5000

feet (1524 m). It is probable that the report by E. M. Kindle in

1912 which suggested that dredging outside of that limit would not have
any effect on the erosional regime proppted;these‘measures. Some time
later, the dredging limit was extended to two miles (3.2 km) from the
shoreline of the Point. The issue ceme to a head in 1974 with the
provisional cancellation of all licenses in the immediate area by the
government of Ontario pending the outcome of public hearings on the

subject.

*
Kingmill (1914)
*k
Personal communication, Lands Administration Branch, Ontario Ministry
of Natural Resources.
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The literature on thé effect of offshore dredging on shoreline
changes 1is very sparse and deals mostly with marine coasts. In Great
Britain, Motyka and Wiilis.(1974) used QaVe refrdaction patterns to demon-
strate that the effect of dredged holes in modifying wave characteristics
(in an adverse wéy insofar as coastal stability is concerned) was a
function of the wave climate, the depth and size of the hole, and the
distance offshore. At Point Pelee, Kindle (1933) focussed on the probability
that the dredging might interfere with the normal flow of sediments from
the dredging areas to Point Pelee. Hé concluded that dredging at a distance
of 5000 feet (1524 m) would have no significant effect on shoreline recession.
The weak point in his studies, however, was the lack of reliable data on
lake’currénts on the Pelee shoal near the focus of dredging.

The 1974 C.C.I.W. study was not meant to probe in detail the
relationship between actual dredging operations and shoreline changes,
as the licences ha& already been suspendedAat that time. Howevet, the
insights obtained on physical processes and sediments on the shoal
within the licence areas should contribute to a better unde;standing of

what these relationships might be.

2.4 SUMMARY

A recently published reconstruction of ghe-mode of formation and
evolution of Point Pelee places itsvorigin at around 4000 years ago, while
lake levels were at a lower position. Initially much more extensive than at
present, the Point has retreated to its present position under the influence
of slowly rising lake levels and other wéve energy-related factors. 1In
general the Point has been receding along its eastern shoreline and advancing

on its western shoreline. The tip has moved considerably northward.
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An examination of historical records, surveys, and maps (dating
back to the mid 1800's) indicates that the above post-glacial trend persists
in all -areas exéepé near the tip where the east side shows a net accession
and the west side shows recession since 1918. Also it appears that the
rate of shoreline change has accelerated considerably in historical.time,
especially at the spit and along the northeast portion of the Point.

In view of the coincidencé of this apparently modified shoreline
trend with the establishment of large-scale human settlement in the area, it
is not surprising that a cause~effect relationship has been suggested; The

factors most often cited as causes of shoreline changes are high lake levels

"and commercial dredging. As far as the former is concerned, there appears

to be no consistent relationship with shoreline change. The effect of the

latter will be examined in later sections of this report.



‘3. SEDIMENTS AND SURFACE ASPECT OF THE PELEE SHOAL

3.1 INTRODUCTION

During the summer of 1974, detafled field studies were carried out
into the three-~dimensional character of the sediment deposits comprising the
Relee Shoal and surrounding areas (Fig.8 ). This section ﬁresents the re=

sults of this investigation organized into three main topics:b

Q) ‘The character of the surficial deposits.
2) The stratigraphic sequence and volume of shoal deposits.
(3) Surface bed forms and structural features as indicators of the

present physical aspect of the shoal surface.

4n examination of these topics would serve to describe the present depo-
sitional conditions in the shoal area as well as to indicate the major
changes discernible in the post-glacial sediment record.

3.1.1 Previous work

The literéture on sediment research in the Point Pelee area of
western Lake Erie is very sparse. Kindle (1933) presents the fi£;ﬁ“‘“
attempt at using sediment parameters and limited lake current data to
defing sedimentary procesées at Point Pelee. Lewis (1966) mapped the
bottom sediments of Lake Erie including much of the nearshore sandy
facies, however, his map made no attempk to }esolve details in these
areas. Kerr's (1964) survey of the Point Pelee area was the first,
prior to the present study,'to include bottom samples of the material
on the shoal itself, although no attempé was made at interpretation.
Coakley (1972) mapped nearshore sediment bodies around the Point out to

a distance of several kilometers. He also used sediment tracers and
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:exturai parameters to detect trends in sediment dispersal along the
sides of the Point and on the shoal. Kamphuis (1972) carried out lit«=
toral ‘drift studies on the east side of the Point immediately north of
the Park boundary, and concluded that littoral drift was reversible in
direction, averaging approximately 19,006 malyr toward the south.
Finally, St. Jacquées and Rukavina (1976) have prepared a further inter-
pretation of nearshore sedimentation in this area.
3.1.2  Methods

The description and.interpretation of the bottom sediment and

physical aspect of the Pelee Shoal presented here are based om the follow~

ing data sources:

GV 179 Shipek grab samples collected at the intersections of rec-
tangular grids (spacing 2 and 1 km) superimposed over the study area and ad-
Jacent areas (Fig; 8 ); These samples are representative of the deposit to
a depth of 10 cm and were collected in 1974 for this study and others (st.
Jacques and Rukavina; 71976~ ). These samples were subjected to conventional
particle size analysis (Rukavina and Duncan, 1970; Rukavina and Lahaie, 1976).
Momen§ statistical parameters and textural classificagipns were also derived

by computer (Rukavina and Dolling, 1973).
2 The textural character of the littorally drifted materials ygg

based on a total of 16 samples collected in'the vicinity of the Sturgeon Creek

and Wheatley entrance jetties, in water depths of 2.5 to 7 m.

3) The description of the subsurface materials were based on:
(1) Six cores collectedvin_1974 using .an Alpine vibrocorer.
(Coakley et. al, 1975) at locations shown on Fig. g,  Radio-
carbon dates were also obtained on organic material found at vari-

ous elevations on the cores. Particle size analyses were carried



out at regular intervals (30 to 60 cm spacing) along the:length":

of the cores.

(i) Jetting probes éarried out a 7 locations (Fig. 8 ) as part

of the CCIW Nearshore Sediment Inventory*. The technique in-

volved water-jetting a graduated pipe down to refusal and re-

cording the total depth of less=resistant sediments (usually

sand or silt) penetrated. |

(111) Published reports by Terasmae (1969) and Lewis (1969).

(iv) .Limited unpublished seismié and echosounder data showing

subbottom features,
(4) The mbrphology and bedforms of the shoal were studied using echo-
sounder records and diver obServﬁtions taken during the period 1971 - 1974
(Fig.8 ). The morphologic data extractedAfrqm the echograms were classi-
fied ingo‘arbitrary height and slope classés and compiled to produce a geo-
morphic map at a séale of 1:20,000 (Fig.l4 ). Resolution was limited by
wave motion on the lake surface to features greatér than 0.25 m in relief.
Information on smaller features (mostly ripples) is‘based on diver observa-=
tions and bottom photographs. Average positional accuracy is estimated
at about 50 m.

3.2 DISTRIBUTION OF SURFICIAL SEDIMENTS

The surface distribution of sediment types (based on Folk's (1965)
classification), on the Pelee Shoal and surrohnding areas is presented
in Figure 9 . The approximate extent of the shoal is shown hatched.

3.2.1 Sand deposits

By far, the dominant sediment type on the shoal and adjacent

areas is represented by clean or muddy sand (clean sand contains < 10%

* N. A, Rukavina, Scientist in charge, kindly made these unpublished
data available to this study.
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c1a§+silt). These well-sorted, clean sands occur as narrow beach and near-
shore prisms (generaily < 1 km in width) along the shores of the Point,
which converge at the tip and continue southﬁard for approximately 20 km.
This continuous deposit measures only a kilometer in width in the vicinity
of the tip of Poiﬁt Pelée,'but expands to a width of over 204km at its
southern extremity. Within the area shown on Figure 9, it comprises
approximately‘lSO km2. ‘Assuming~an‘axis-passing‘through thE”Poiht"aﬁdi
Southeast Shoal Light (the southermost extremity of the shoal feature),
the clean sand deposit has a marked assymetry toward the east, with more
than 2/3 of the sand body lying east of the axis. In texture, these de-
posits range from medium to fine san& and are well sorted. A plot of
contoured values for mean (phi)* diameters is presented on Figure 10
The clean sands grade into muddy sands to the east, north, and south and
more sharply into gravels and glacial sedimen;s to the west. From the
section plotted on Figure 10, there is a définite fining tfend toward the
east, ' |

The muddy sands form a concentric band to the east and south of
clean sandé, with a similar eastward bulge extending beyond the area of
coverage. They fine out gradually toward the east into basin silts with
increasing depths of water. The muddy sand facies is absent from the
nearshore deposits flanking the Point itself and with minor exceptions,
from the area west of the clean sand b;dy. .

3.2.2 Gravelly deposits

Gravelly deposits comprising mostly sandy gravel (> 30% coarser
than 2 mm or -1¢ ) are restricted to the area direé¢tly south of the Point

Pelee spit and occur as discontinuous bodies aligned roughly along a

* Phi ¢ units are a transform of grain size expressed in millimeters,

i.e. ¢ value = - (Log, diameter in mm) or, the larger the Phi value,
the smaller the particle diameter.



north south line from the spit (Fié,g ). Total deposit area is estiﬁaced
at 10 km?. Gravelly materials also occur in the area between Point Pelee and
Pelee Island. 4A11 of these deposits are associated with areas of glacial
sediment and fall entirely within the area west of the Pelee-Southeast

Shoal Light axis. They dccur in water depths ranging from 4 to 1l meters.

3.2.3 Glacial till

Glacial till crops out in the extreme‘northern part of the éhoal area,
an obvious continuation of the exténsive areas of exposed till on both
sides of the Point (Coakley; 1972; Kindle, 1933, St. Jacques and Rukévina,
1976) . Discontinuous exposures of glacial sgdiments also occur with or
without a veneer of sandy or muddy sediments, slightly west of the-éhoal
area around Grub Reef, and in the extreme south of the mapped area.
3.2.4 Bedrock

Bedrock outcrops are confined to the westernfpdrtion:of the mapped area in
the vicinity of Grub Reef and off the eastern coast of Pelee Island. The
bedrock comprises bevoﬁian carbonate rocké- (Sanford, 1969).

3.2.5 Littoral d:ift_material

This material, collected at Sturgeon Creek and Wheatley, consists:
of well-sorted, medium-textured clean sands. Average water depths of the
samples were 2.5 m and 4.2 m for Wheatley and -Sturgeon Creek respectively.
The average texture of these sands (compared with Pelee Shoal samples of

comparable depths) is pfesented below:

Sample location . No of samples ‘Median ¢ St. Deviation
Wheatley 8 ‘ 2004 ¢ 1.39
Sturgeon Creek 7 2,94 ¢ 1.05
Pelee Shoal (depth < 6.5m) 9 113 ¢ L2

The material sampled at both harbours is uiimistakably iittoral rather than

fluvial as sand is completely absent from the materiél entering the lake from
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streams at these locations.*

3.3 SUBSURFACE SEDIMENTS OF TﬁE PELEE SHOAL.

The previous section outlined the spatial distribution of the sedi-
ments types occurring on the shoal and adjacent areas. This section will
add the third dimension to these distributions, namely vertical variations
in sediment type. The main questions to be answered are:

(1) What is the nature'of the subsurface‘deposits and how does their

probable mode of deposition compare with that of the surface-deposits?

(2) What is the geometry, thickngss, and estimgted volume of the

sandy deposits exposed on the shoal? |

(3) What is the source of these sediments?

(4) What are the present rates of sedimentation on the éhoal?

Attempts to obtain continuous subsurface profiles over the shoal
area were unsuccessful due to various technical reasons, so the answers
to the questions posed above are based on a relatively thin coverage of
the area by boreholes and jetting probes (Fig. 8) and on published reports
by Terasmae (1969) and Lewis (19695; Nevertheless, the information pre-
sented here still represents the most detdailed investigation to date into

the stratigraphy of these deposits.

3.3.1 Boréhole logs

The oldest recognizable sedimént penetrated by the boreholes is a
clay till of Pleistocene age probably.corrélative with the Port Bruce sta-
dial (Lewis, 1966). This sediment is overlain by deposits of Holocene
(or ‘Recent) age. The positive relief of the till surface as seen
on seismic records south of the study area prompted Hobson et al (1969)

to interpret this feature as a moraine (the Pelee-Lorain moraine)

* Water Survey of Canada, Sediment Survey Section: personal communication.
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laid down at the limit of a minor ice advance. This subéurface featuré
trehds about N 150° from Point Pelee CO_Lorain, Ohio. None of thé bore-
holes reached the underlying carbonate bedrock.

Cores from the six boreholes yielded a stratigraphic seqﬁence for
the post-glacial sedimentation over the shoal. These, whgn supplemented
by borehole logs from Terasmae (1969) are useful in tracing trends in the
depositional history of the shoal deposits, .

- The elevation and type of sediments found in the cores are shown on
Figure 11, Three radiocarben dates.oﬁ organic materials found in the
cores are also shown. The stratigraphic'relationship bétWeeﬁ these logs
and those of Terasmae (1969) is interpreted as shown in Figure 12 |, 1In:
order of decreasing age; the units may be described thus:

(1) Till -The till aips southwvard from a maximum elevation of 170.5 m

at borehole 1T to less thﬁn 156 m above sea levél at borehole 62.
The latter location might represent a trough or local depression
in the till surface, since the tili outcrops on the lake Bqttom
further south at an elevation of around 164 m. Consolidation
-tests on théuﬁpper several centimeters of till indicate a high
degree of over-consolidation, taken to signify a post-depositional

period of subaerial exposure and dessication.

(2) Clay-silt unit -Within the depression in the till elevation a§
noted in boreholes 2, 6, and 5Z 'and above the till in B. H. 4Z,
a complex unit of clays grading upward into silt occurs. This
unit ranges in thickness from 1 m in B. H. 4Z to more than 7 m
in 6Z. Withinvthis unit are found clay, silt, and sand lenses,
lag gravel layers, laminations, and other structures indicative

of abrupt changes in deposition. This unit probably corresponds

) « T A
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td deposition in a transitionary environment, such as a periodi-

"cally flooded lagoon or creek mouth.

-(35> Laminated sandt- This unit, present in all cores but that of
'B. H. 1Z is characterized by horizontal and cross—laminated
zones with heavy minerals and pebbles usually making up tne
dark laminations. The unit ranges up to 4 m in thickness., i
The sand is for the most part medium‘in texture and shows
moderate sorting. This unit was probably denosited in an open : ) !

lake environment (as a beach or nearshore deposit.)

,(4) Maseive pebbly_sand - This is the top unit and corresponds to : ?
the surficial sedimeénts presently exposed on the shoal. Thick-
ness ranges from .5 - 2 m. In contrast to the laminated sands,
structures are generally absent and the texture is definitely

coarser and more pebbly than the laminated unit, The median

grain size in this unit usually increases upward, while the : i
sorting value shows no definite trend. 1In spite of this feature
(that could be due to sampling inadequacies) the general charac—
ter of the unit is most compatible w1th a dep051tional hlstory
in which in situ reworking of existing deposits is dominant
over deposition of materials transported from sources else-
where. The coarsening upward trend, in’ particular, suggests

an energetic dep031tiona1 environment ‘whose current and wave

regime~has intensified with time, in spite of increasing water §
depths. Such a situation would also suggest decreasing sedif
mentation rates. |

The only radiocarbon date at the base of the laminated sand layer

(interpreted as near the beginning of Point Pelee - related deposition)




was 3600 + 140 years before present at a depth of 4.6 m in core 6Z (Fig. 1l).
This would provide a crude sediment;tidn rate at'that location of

13 cm/century, if'uniform deposition over‘that period is assumed. In

view of the preservation of laminaéi;né.in the laminated sand layer,

it might be more accurate to interpret the laminated layer as having a some-
what higher rate of sedimentation than the massive layer, which in
fact,ﬁight be presently undergoing erosion. For this reason, the present
sedimentation rate of the top massive layer (most representative of

present conditions) could range from about 5 cm/centutry to less than

zero.

3.3.2 Jetting probe data

Because the technique involved water-jetting a graduated pipe down to
refusal, information on sediment types encountered is limited ﬁo_ihferences
based on qualitative assessment of resistance characteristics of the sedi-
ments penetrated. Such information nonetheless provides fairiy accurate

estimates of the thickness of sandy (less resistant) deposits such as is

found on the Pelee shoal.

Thickness values obtained for the surficial sandy deposits varied
very little at the sites probed (3.5 m to 5‘m). ?enetration at the site
just northeast of the spit was approximately 1 m and confirmed other

evidence of a thin sediment cover over dense.glacial till. Furthermore,

the behaviour of the probe at refusal indicated that most of the holes

bottomed out in glacial ti11.

3.4 BEDFORMS AND BOTTOM FEATURES OF THE PELEE SHOAL

A detailed examination of the bedforms and bottom features found on

33
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Q the Pelee Shoal contributes to the study in the following way:

1. They may be linked directly to the local hydraulic regime, and
thus provide additional evidence in elucidating the mechanics
of deposition of the shoal sediments.

2. Bottom features might cast light on the previous history of the
landform, by indicating relict shorelines, for instance.

3. Areas showing the influence of Man might be delineated and
the scale of such effects might be better evaluated.

For these reasons, the geomorphology of the shoal has been studied.

The prime resultAwas-the preparation of a deﬁailed geomorphic map, giving
a graphic representation of the spatial relatiomships and physical char-
actefistics of these features (Fig. 14 ). \

3.4.1 Genenaltbgthymetrg

Figure 13 presents the bathymetry of the area (referenced to chart
datum - 173.3 m above sea level)*. A less detailed (2 km grid) bathymeﬁry.
of the area to the west appears in a recent publication by St. Jacques and
Rukavina (1976), and in unpublished field sheets of the hydrographic sur-

vey by Kerr (1964) .

In the bathymetric map, the positive relief comprising the Point
Pelee platform and shoal is reasonably defined by the 10 m contour. The
slope of the positive feature is consisten&ly greater on the west side
7 than on the east. Surface relief on the shoal is complex even at the
relatively wide survey spacing used, and depths vary considerably from
more than 8 m in places to less than 5 m. Two distinct channels trans-=

verse the shoal in an east-west direction (A - A, B - B, Fig. 13 ), in

the northern portion.

* Some bathymetric data were made available to this study by D. A;
St. Jacques. :

T
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3.4.2 Bedforms and bottom features

From the bathymetric map (Fig.13 ) and the geomorphic map (Fig(;d),
it can be seen that the feature which best defines the extent of the
shoal is the crest of the slope on its periphery. Within the area
bﬁunded by the periphéral slope, the surface of.the shoal lies at a
depth of 5 - 7 m vhile the sides of the shoal slope down to the depth
of the adjacent lake basin floors. The slopes bordering the shoal are
very gentle, generally being less than L° with the steepest slopes oc-
curring on the southeast side of the shoal near Southeast Shoal light.
The shoal 1s broadest, with a width of 3.5 km, in the central portion
of its approximately 10 km length. It is narrowest at the north end o
near the present-day spit. |

Over the extent of the shoal area there are a number of prominent
geomorphic featureé and units. These have been discriminated on the
basis of morphological distinctions and include:

1. submerged spit ridge

2. featureless shoal areas

3. band of ﬁarallel ridges

4. minor slopes on the shoal platform
5. isolate@ ridges

6. assumed dredge& areas

7. trenches

(1) Submerged spit ridge -~ This feature extends southward for
approximately 1.5 km from the end of the exposed spit. It is a narrow
(100 - 200 m in width), high (2.5 - 5.0 m in relief) ridge trending
approximately north-south with'slopes of up to 3% on either side. At

pfofile 1A -~ 1B (Fig. 15 ) the ridge crest is present at a depth of
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3 m. Thé slope on the east side of the ridge is slightly steeper than
that on the west. Tﬁe relief from the .ridge éres: to the base of

the slope ié 5 m on the east side and 3.5 m on the west. The ridge
decreases in relief and becomes broader to the south away from the sub-
aerial portion of the spit. The positién, size, and orientation of this
feature have been observéd (Kindle, 1933) to varyvgreétly with time.

(2) Featurelegs_shoal,areas - A significant area of the shoal is

lacking in topographic features, except for small, discontinuous, iso-
lated ridges with heights less than 0.25 m which show no predominant
orientation or asymmetry of form. This fegtureless tqpography occurs

at depths of about 6 m in the north and 7 m in the south central portion
of the shoal.

(3) Bank of parallel ridges (Fig.14 )- The morphology of a large

segment of ;he southeastern portion of the shoal platférm is character=
ized by a series of pronounced ridges. Most of the ridges, although
slightly sinuous in plan form, appear to be continuous for distances .-
of 35 km. " The seriesiof ridgéé'is alignéd approximately in the
same direction as the long axis of the shoal itself. The individual
ridges are also parallel to the crest of the eastern shoal slope.

The number Qf ridges ranges from 6 - 10 in a band from 0.6 - 1.4 km
wide. Typical ridge wave lengths (crestato—crest distance between ad-
jacent ridges)’ are in order of O.ZIkQ; Tge four largest and most longi-
tudinally persistent ridges are found on the east side of the band, near-
est the crest of the shoal slope. Ridge heights vary along the ridges
with a slight trend to decreasing heights from east to west across the
band of ridges. The trough to crest heigﬁts of the largest ridges

ranges up to 2'm, with 1 m being typical. Water depths over these features
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range from 6 - 7 m over the crests to 7.5 - 8 ﬁ ovef the troughs.
Individual ridge §lopes are less than 3° and normally 1°. The two l§r~
gest ridgés are slightly asymmetrical with steep sides towards the east,
but in general there is no predominant asymmettry to the ridge forms.

(4) Minor slopes on the shoal - Besides the peripheral shoal

slbpe and the relatively short, steep slopes on the sides of the sub-
merged spit, minor slopes also occur on the central portion of the shoal
(adjacent‘to the area of assumed dredging) and on the northeast side.

The slope:adjacent to the dredged area faces southwest and is located
in water depths of 7.5 m (crest) and 9.5 m (base). fhe slope on the north-
eaét faces east and is situated in water depths of 7.0 m (crgst) and 9.5 m
(base). The depths at which both these features occur vary only slightly

along their length.

'(5) Isolated ridges -~ A number of isolated ridges are present, most

of which are situated on the shoal slopes and basin floor near the
tip of Point Pelee. Some of these ridges are asymmetrical in cross-
section with the steeper side facing up the slope. Maximum slopes of

asymmetric ridges are less than 5°.

t6)' Assumed dredged areas - The main area of bottom morphology

which is assumed to have been produced by dredging is situated southeast
of, and merges into, the large trensh in'fhe northwest portion of the
shoal. The topégraphy of this area is very irregular with relatively
narrow (50 - 100 m wide) depressioﬁs 3 - 5m deep (Fig. 14 ). Other
smaller areas of similar morphology, also assumed to have been produced
by dredging are scattered over the west side of the shoal.

“(7) Trenches - The most striking feature on the shoal is the large

trench on the northwest side. It is well defined for about 3 km of its



lengﬁh and runs from northwestft§ southeast (Fig. 14, 15 ) where it merges
1nto'the dredging area. At the narrowest point it is 200 m wide and 8 m
deep below the adjacent‘flaﬁ lake bottom, with steep éidé slopes of up to
20°. The lateral margins of the trench ére normally.marked by levee=like
ridges up to 2 m in height along the length of the trench. 'The trench
bottﬁm is une?en and huhmocky and resembles closely the morphology of the
assumed dredging areas. Other smaller scattered trenches are also located
near areas of assumed dredging. | |

| (8) Ripples - Approximately 25 records of diver observation of
bottom current ripples were taken at sites on the shoal during the period
1970 - 1974 period. .It.was noted that ripples vatried little in . .
form from one-dbservation to the next. The‘most common description was
that they ﬁere incohierent and variable in orientation, giving the bottom
a hummocky appearance. When the orientation was discernible the dominant
direction waé N —.S or NW - SE. Intercrgst distance ranged from 10 to 20
cm, and trough - crest heights fanged from 2 - 7 em. These patterns were

consistent for the entire period.

3.5 DATA INTERPRETATION

3.5.1 Present and past sedimentation patterns

Trends in various textural parameters such as mean and median grain
size, sorting (as measured by the stahdatd'deviation), and percentage
composition of the samples have been used in other studies as indicators
of sediment dispersal patterns and mechanisms (Pettijohn and Ridge, 1933;
Coakley, 1972; to name only a few). Coakley (1972), for instance; used
trend surfaces based on depth-controlled mean grain size values for the

west side of Point Pelee to indicate a predominantly southward mean

littoral drift in the northern portion of the shoreline, changing to a
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net northward drift near the spit.

The shoal sediments, however, present considerable difficulty in
employing such techniques effectively, due to the overall complexity of
both bathymetry and sediment distributions and the resulting inadequacy
of the sample coverage. On the basis of limited analysis of the sediment

" distributions previously described, the following general inferences may
be made: |

- 1. erositiﬁnal inferences - Large portions of the area studied

exhibit features of non-deposition, or ‘even bottom etrosion.

The latter areas coincide with exposures of bedrock and glacial
till located mainly offshore on both sides of Point Pelee and |
extending from the shoal westward toward Pelee Island and Grub
Reef, Possible areas of non-deposition could include much of
the western part of the shoal where gravelly deposits occur.

In gengral, it appears that sedimentation rates elsewhere on
the shoalbare very low (less than 5 cm/centu;y) based on the
interpretation of radiocarbon dates on cores from the shoal.
Coakley (1972) based a similar conclusion on diver observations
made in the deep trench on the .sheal.-

2. Sedimeﬁt sou:cgs - In view of the relative coarseness of the

Point Pelee beaéh deposits and that of the gravelly matérigls

on the shoal, compare& to present-day.iittoral material (sampled at
Wheatley and.Sturgeon.Creek), the coarser fractions of the beach
and shoal deposits must have been derived locally from thé erosion
and differentiation of adjacent till areas, or are deposiﬁs that owe
their origin to processes no longer operative in the area, There-

fore the shoal deposits are interpreted as being either fesidual
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or relict deposits, whiéh are ﬁow beiné reworked”or uncovered by
erosive forces on the lake bottom. The medium-to-fine sands
occurring‘in the eastern portion of the shoal éould be derived from
either the finer fractions winnowed out of ﬁhe gravelly deposits or
from southwardly directed littoral drift, or both. 1In view of the
eastern fining trend. of.these.deposits and their:-spatial relation-
ship to the gravelly_deposits and the axis 6f the shoal, the net
directioﬁ of transport of bottom materials on the shoal is iinter-
preted to be toward the east. This agrees with conclusions drawn

By St. Jacques and Rukavina (l§76).

3. Energy -,sedimentationIrelationghips - The upward—increasing trend
in the median grain size of the topmost layer of the cores taken‘
on the shoal indicatés(that either the energy of the depositional
environment has been increasing with time to its‘present level or
that sedimentation rates have'decreased (thus allowing more re;

. working and textural differentiation to occur) with time, of a
combination of.both.

3.5.2. Geometry and volume»ofAPpint Pelee sand and gravel deposits.

On the basis of boreholes, jet probes, and limited sub-bottom data,
the geometry of the subsur face postglacia1 deposits may be inferred.
The substrate on which these éediments lie'is glacial tili (apparently
of late Wiscdnsin agé), which was recognizable as a refiecting'layer on sub-
bottom records and echograms, as the layer of refusal in the jetting pro-
gfam, and as the basal unit in some of the borehole cores. Representative
cross-sections compiled from .these: sources and ffom -Térasmae. (1970} are-
shown on Fig. 12 (a) and (b) (see also Figure 11 ). Disregarding the

clayey units which predate the recognizable Point Pelee sandy deposits
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aﬁdehich'ére apparéntly féétfiétéd-to.depressions.in the till surface,
it is clear that the sands reach theif maximum thinkness (around 10 m)
under the southern part of Point Pelee (Fig. 12 ). fhey thin to 4 - 6 m
along the axis of the shoal. Across the shoal, the deposits v#ry from
lm (B. H. 12) to 6 m (B. H. 6Z) in thickness (Fig. 11 ). Although no
stratigraphic data were obtained in‘the southern portion of the shoal,
the following observations may be made on the basis of existing information:
1. The general shape of the Point Pelee sand deposit is lenticular
on the shoal and bifurcates into two beach priéms around Point
- Pelee. |
2. The surface area and average thickness of the sand deposits may

be estimated as follows:

Area Average thickness.

Point Pelee foreland 5.4 km? 9 m
Fringing nearshore deposits 4 km? (approx.) 2 m
Point Pelee shoal sandy _
deposits 140 km? 4 m
3. Based on these figures, the total volume may then be calculated

as app:qximatgly“630 million cubic meters (823 million cubic

yards) for the clean sands and gravels.

’ .

This calculated figure may be enlarged by up to 25% depending |

on whether there are local depressions or infilled channels in thé
pre-sand depositionai sﬁrface. There are indications to this
effect in the location of thé‘deep (10 m below lake béttom) trench
on the shoal and from sub-bottom records. Also the incluaion

into the calculation of sand within the muddy facies could add



at least 100 million cubic metres to the total*. These two.
considerations could bring the total sand and gravel deposits
at Point Pelee to a figure of close to 900 million cubic

metres.

3.5.3 Iinterpretation of shoal relief and bedforms

The ba;hymetry and morphology of the Pelee shoal when combined with
other lines of evidence,vmay be used to make clearer the postglacial
evolution of the structure, in addition ;d supplementing information on
sediment distribution and transport patterﬁs on the shoal. This approach
is somewhat complicated by the probability that the shoal morphology
includes active, relict, and man-made features. The man-made features
(dredged areas) are easily recognized. However, the distinction between
features formed in response to present depositional conditions (active)
and those preserved from an earlier period'in the depositional history
(relict) is often an obscure one. Relicﬁ features which could provide
useful insights into the evolution of the shoal platform and the Poiﬁt
Pelee foreland, may be altered to such a degree by subsequent depositional
environments that interprétation is difficult. However, within these
constraints and subject to confirmation by other lines of evidence,. such
as‘the wave and current regime, the following interpretation may be made:

1. The peripheral slope and the minor slopes correspond to a
sequence of shoreline positions at depths of approximately 9 and 8 meters
(belowvdatum: 173.3 m a.s.1.) respectively (allowing for modifications

due to deposition and bottom scour). This is supported by the association .

*Based on a surface area of 200 km, an avg. thickness of 1 m, and a sand
content of 50%. ‘
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of coarse gravelly deposits with this feature on the souﬁhwest side
and by>the terra;ed profile.in the northeast.

2. The interpretation of the significance of the system of parallel
ridges 1is more problematical. On the one hand, thej could be active bed-
forms, reflecting the bresent hydraulic regime, and therefore capable of
being used for assessment of the sediment transport rates and direction
on the shoal. On the othei hand, they could represent relict structures
such as longshore bars or storm beach ridges that were preseryed from an
earlier stage in the evolution of the Pelee land form (Coakley, 1976). 1If
the‘latter is the case, it is difficult to explain how they have survived
so long in such a high energy enviromment. For a further examination
into the former possibility (i.e. that they are megaripples or sand waves),
the reader is referred to Chapter 4, section 4.4.2.

Nevertheless, the asymmetry of some of these features (steep side
facing east) suggests a net disperéal of sand toward the east, in agreemeﬁt
with the evidence of the sand lobe in the sediment distribution (Fig. 9 ).
In the northern (apparently tgrraced) portion of the shoal, the indications
of progressive narrowing of the shoal area from the east side (Fig.1l4 ) |
support the published conclusions of Kindle (1933), and Coakley (1976) that
in the long term, the Point as a whole‘is migrating toward the we;t, most
likely due to the imbalance of eastyard,?nd weﬁtward wave forces, producing
a net westward transfer of bottom materials from the east side. The obvious
contradiction that this represents with the eastward transport indicated to

the south, would require further study to be resolved.
3. Other diréctional bottom features such as sand ripples did not
indicate the direction of movement of bottom materials., They were inter-

preted by Coakley (1972) as wave interference ripples, and thus indicative

of surface wave patterns rather than mass sediment transport.




4. The bottqm featurés mapped do not indicate large-séale movement
of bottom material in a.ndfth or south direction in spite of the fact
that Coakley (1972) foﬁnd short-term evidence for such movement using
fluorescent tracers. One must then conclude that such moveﬁent is
either infrequent or of minor long-term ?onsequence or occurs moatly
during periods of the year other than the survey period.

5. Dredged areas, as interpreted using Figﬁre 14, correspond
closely to the location of gravelly deposits on the shoal (Fig. 9),

except in the area occupied by the trenmch features.' Because of its

"apparently close association with the dredged areas, and the resemblance .

between their bottom morphology, the initial impression is that the main
trench was also produced by dredging. However, due to its location in

an area of sparse sandy deposits over dense glacial till (Fig. 9), the

"question of Vba; was dredged remains unanswered. Assuming that sand

or gravel was dredged, then the trench could mark the location of
relict channel deposits. In short, the origin of the trench features

has not been fully resolved.

44



‘s

4, LAKE PROCESSES IN THE POINT PELEE AREA

4.1 INTRODUCTION

Before any insights into the present sediment transport,patterné
at Point Pelee can be consélidated into a predictive model of any kind,
it is necessary to relate the surficial sediment distributions of the
Point Pelee and shoal entity to the present hydraulic regime. This is
because‘:he-évideﬁce examined in the surficial sediments and bedforms
represent an averaged effect established_over a period of time. _This

chapter deals with the major lake processes that combine to produce the

' - sediment patterns noted, and although the measurements described were

restricted in duration (no winter or spring data could.be collécted),
they should add substantially to our understanding of the interaction
between lake process and sediment response of the Point Pelee deposits.

4.2. BACKGROUND ON THE WIND REGIME OF LAKE ERIE

In discussing the lake processes acting on the shoreline and
sediments of Point Pelee, it is important to review briefly the natural
cycle in the basic forcing mechanisms that drive these processes. Of
these mechanisms, the most important is the wind fegime. The winds

responsible for wave action, storm surge, and wave-generated currents

- follow a seasonal cycle in Lake Erie and in other parts of the Great Lakes

area. Table 4,1 shows the (10 yr.) summary of wind frequencies for -western
Lake Erie based on wind data collected at Loﬁdon and corrected for Lake
Erie (Richards & Phillips, 1970). It is clear that southwest and west
winds dominate the picture. However, especially during the spring and

fall months, significant variations occur. These variations include

- severe northwest to east storms corresponding to seasonal shifts in the

frequency and position of cyclone trécks (Klein, 1957) across the Great

!



46

Table 4.1. Point Pelee yearly percentage frequency of occurrence of
wind by direction and speed classes, for ice-free conditions (i.e. excluding.
January and February). Mean speed for each class in metres per second is
given in parentheses. Where the total wind per year for a class was less
than approximately 8 hrs., it has been omitted since there would be little
contribution to wave generation (from Skafel 1975).

Speed Class X E £ S s W N
Knots Mid Pt. m/s - v ‘
6-10 ( 4.1) 1.416 2.152  1.742  2.744  2.688  2.892  2.325

11-15  ( 6.7) 1.834 3.341 2.151 3.978 4,581 4.508 3,753
16-20  ( 9.3) 1.017 2.56 1.354  2.346  4.178  3.422 2,687
21-25 . (11.8) 0.244 1.202  0.352 0.739 1.856  1.68  1.163
26-30  (14.4) 0.133 0.573  0.103  0.22 0.6 0.621  0.325

31-35 (17.0) - 0.178 - - - 0.181 - 0.438 0.110

' Table 4.2. Effective fetch lengths and mean water depths for wave
generation at Point Pelee, for the seven wind directions in Table 1 (from Skafel, 1975)

Effective.Fetch Léngth, : Mean Water Depth
Direction : . Kilometres . metres
NE | 7% 16
E 1138 ’ .22
SE 72 | 19 .
S o 47 12
SW ' 50 10
W | | 47
NW . : 14
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Lakes region (Fig. 16 ) during these mdnths. Hare and Thqmas'jv

(1974, p. 80-86) pregent’an excellent outline.of‘the sequence of climatic
events related to the seasons of the year. The preferred path of cyclonic
systemé entering the area is detérmined largely by the position of the Polar
front and the zone of "upper westerlies", both of which migrate north of the
Great Lakes in summer and to thé south in winter.‘ Along the margins of
these broad high pressure systems, cyclones originating either on tﬁe Pacific
coast or the mid=west United States move into the G{Fat‘Lakes area from the
west and southwest (Fig, 16 ) causing winds that can be seﬁere; ‘In the
spring when these cyclone systéms generally pass almost ﬁirectiy over Lake
Erie, intense winds from all quadrants may be generated. In additionm,
cyclones originating along the Atlantic coast and moving nortﬁward often
affect the area with winds frém the east to northwest quadrants. East and
northeast winds are of.particular importance for the western end of Lake
Erie as they have the greatest fetch distances of all (Table 4.2 ). Thé
other stormy period, comprising the fall months, is characterized by a
‘Polar.frqnt position to the north of the Lakes. Cyclones traversing the
area are mostly of Pacific origin and pass to the north o%'Lake Erie,
generating winds that range from southwest to west to northwest as the
disturbance passes. In these months also, infrequent but severe cyclones -
originating in the sub-tropical Atiantic regions' and tracking northward to
vthe east of Lake Erie exert a strong'infldence, bringing the occasional
northeaster storm. In the summer, the cyclones generally track well to the
north, resulting in a_prevalent southwest to northwest wind regime of
generally low intensity. However, there is a tendency during these months
for locally severe thunderstorms and tornadoes in western Lake Erie. In

addition, although more typical of fall conditions, extra-tropical cyclones



or hurricanes have entered the Great Lakes area as early as June (Hurricane
. Agnes, June 1972).
The frequency of these cyclonic disturbances in general has been’

éstimated (Phillips and.MéCulloch,-1972) &s follows:

Month ‘ Avg. number of storms
Jandary | A 8
April ' 7
July 4
October : 6

"or 1 disturbance every 5 days approximately.

4.3 WAVE PROCESSES AT POINT PELEE

The wave climate generated by the winds described above is

. recognized as the major agent of shore erosion and sediment transport,

either by direct action or by the currents and watér motions they induce.
No long-term measurements of the wave climate in the Point Pelee area
are available, but Richards and Phillips (1970) published a wave climate
for Lake Erie based on waves hindcast.from a 10-year record of winds
at Londoh. Skafel (1975) refined these statistics to obtain a long-term
wave climate for the Point Pelee area (Table 4.3 ).

Field monitoring of Point Pelee wave characteristics was carried
out during the period May to December 1974 using 2 Waverider sensors
moored off both east and west sides of the Point in water depths of
15 m and 11 m respectively (Fig. 17 ). The data were processed by
the Marine Environmental Data Service in Ottawa. Data recovery was good:
approximately 947% for the east station and 83% for the station off the

west side.




Table 4.3 Hindcast waves for each wind speed class of Table 4.1,
using fetch lengths and water depths in Table 4.2. The wind speeds
used are the mid-points of the speed classes of Table 4.1, converted
to metres per second. (N/A: not applicable, as no wind from this
direction occurs in the speed class. (From Skafel, 1975).

Wind S?eed Direction Fetch Water Depth R.M.S. Vave Peak
ns~ : km m Height, m Wave Period
) ) seconds
4.1 NE 74 16 0.3 2.40
E 138 22 W3 2.61
SE 72 19 3 2.44
[ 47 12 .2 2.22
sW 50 10 : .3 . 2.20
W 47 . 9 .2 2.14
NW , 14 8 2 1.86
6.7 NE 74 16 0.6 3.15
E 138 22 o7 3.50
SE 72 19 - 3.22
S 47 12 .5 2.87
W 50 10 .5 2.82
v 47 9 .5 2.72
Ny 14 8 .3 2.36
9.3 . NE 74 16 0.8 3.69
E 138 22 N 1.0 4.12
SE 72 19 0.8 3.76
S 47 12 o7 ‘ 3.33
sW 50 10 .7 3.25
W 47 : 9 .6 3.18
- NW 14 8 .4 2.74
11.8 NE 74 .16 1.1 4.10
E 138 22 1.3 4.61
SE 72 19 1.1 4.22
S 47 12 . 0.9 3.70
sW 50 10 ' .9 3.60
W 47 9 .8 3.47
NW 14 8 - .6 3.04
14.4 _ NE 74 16 1.3 4.44
E 138 22 1.7 5.00
SE 72 19 1.3 4.59
S - 47 12 1.1 4.00
SW 50 10 1.0 3.89
W 47 9 1.0 3.75
NW 14 8 0.7 3.29
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4.3.1 Wave,glimateufor_May - Decembér, 1974

| The data are summarized in Figure 18. The scatter.diagrams at ..
the top of the figure show the distributions of significant wave height
versus period off the west and east shores of Point Pelee. ‘For both
stations the most commdnly'occurting waves are characterized by signifi-
cant wave heights of less than 0.3 m (1 ft.) and wave §Eriods between 2

and 3 seconds. The distribution at the east station is more heavily

weighted towards larger wave héights and longer_periods. No observations
of waves greater than 2.4 m (8 ft.) were made at the west stationm,"
whereas at the east station observations of waves up to the 3.0 to 3.4 m
(10 to 11 ft.)class were made. Excluding waves less ;haﬁ 0.3.m (1 ft.)
no periods greater than 6 seconds were observed at the Wést station,
while at:the east station periods up to the 8 to 9 second class were
observed.

The percentage exqeedance diagrams at the bottom of Figure 18 show,
in graphical form, that larger waves were measured at the east station.
The significant wave heights are those obtained from the measurements.
The maximum wave height curve should be interpreted as the most probabié
maximum wave height in a 20 minute period, based on the work of Longuet-
Higgins (1952) for the statistical distribution of wave heights for
narrow spectra.

Closer examination of the data shows that on both sides of Point
‘Pelee waves greater than about one metre were about equally common
(= 127 of the records). However, waves greater than about two metres
were more than twice as frequent on the east side (0.9% of the records)
as on the west side (0.4% of the records). Wave periods of six seconds

or more (combined with wave heights greater than about 0.3 m) did not

PTIATYAT

occur on the west side, but accounted for about 1.3% of the reccrds on

the east side.

T S e e e s



The wave data do not provide information about wave direction, but
the following observations can be made. From Figﬁre 17 , it can be seen
that the west Waverider was sheltered from waves out of the northeast,
east and to a less extent the southeast, while the east Waverider was
sheltered from &aves oﬁt of the west and to a lesser extent the southwest.
Thus it is to be expected that large or storm waves recorded at the west
station were due to winds from thé west or southwest, and at the east
station were due to winds from the east or southéast.

The data show that larger waves with longer periods, which tend to
cause more shore damage, were recorded at the east station, and these
waves can be assumed to have been caused by winds from the east and
southeast, so that'they were propagating towards the east. shore of Point
Pelee.

It is reasonable to assume, therefore, that the east shore of Point
Pelee was more prone to erosion due to wave action during the study
period than was the west shore, in spite of the faét thatbthe prevailing
winds for the area-are out.of the southwest.

4.3.2 Longshore Sediment Transport

Extending as it does into Lake Erie, Point Pelee is exposed to the
prevailing southwesterly winds on its west shore and to storm winds' out
of the east on its east shore. The resulting wa&e action on the sand’
shores causes significant erosion orﬂaccrétion of the shoreline.

The capacity of the waves to cause longshore sediment transport was
evaluated and used to estimate the likely erosion and accretion of the
shoreline. The procedure used is summarized as follows (for details
of both procedure and results, refer to Skafel (1975). A ten~year wind

ciimate for Lake Erie (Table 4.1 ) was used to hindcast the‘wave climate
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in deep Qater for both sides of Point Pelee. A computer programme was
then used to calculate.the refraction and shoaling of the wave rays
toward the shore until a breaking criterion was met. The lbngshore
sediment transport rates were related empirically to the wave energy
flux_for each wave ray, and the distribution of rates along the shore-
line for each wave class was established. The likely long-ﬁerm erosion
and accretion effects were identified from the distribution, magnitude,
and interactions of the transport rate due to waves, and are described
below.

Oh the east shore, south, southeast, and east waves move the sedi-
ment back and forth with little apparent loss to the shore system, while
northeast waves are responsible for losses from the shore system, beyond
the tip of the Point. Some beach sediment losses also occur on the east
side during east waves of high intensity through wash-over into the
back-shore and marshes during storm surges (Coakley et al, 1973). The
gross amount of material moved as longshore drift was calculated to be
about 180,000 m%/yr. The net amount isAabout 26,000 m®/yr. towards the
south, This represents material lost tb the east shoreline due to
northeast waves., The distribution of the transport rates along the
shoreline indicates that erosion is roughly constant along tﬁe entire
east shore. If‘the‘net transport raFe of;26,006 m®/yr. indeed repre-
sents the total amount of material lost‘to the east shore due to the
mechanism of wave~induced longshoré sediment transport, then this value,
when distributed evenly along the entire shoreline, does not represent
a substantial loss from the Point. This figure, however, does not
take into consideration undetermined wash-over losses during storm

surges or unevenness of erosion occurrence along the shore.
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On the west side, waves from the south erode sediment along most
of the Point, moving the sediment northward and westward, and depositing
it near Leamington and further west. This material is moved back east-
‘ward by southwest waves to a nodal point just southeast of Leamington.
Southwest waves also move material northward on the more southerly
portions of the Point and deposit it near the same node. West waves
cause erosion near the above-mentioned node and move the material south-
ward along the Point, depositing it to the south, except ﬁear the tip,
where inéreased transport rateé cause erosion, and loss of material
beyond the tip. Northwest waves cause some erosion along the central
and southern portions of the west shore and the material is deposited
beyond the tip.

Near the centre of the west shore the gross amount of material
moved was calculated at 190,000 m®/yr. The net amount.is 4400 m ¥/yr.
towards the north, which is indicative of low levels of erosion and
northward sediment movement. The distribution of the transport rates
along the west shore suggest that more erosion will occur at the south
end of the Point than near the centre, and that some accretion will
occur at the north end. The relatively small magnitude of the net
transport rate suggests that the west shore is changing only very slowly
in response to the longshore sediment transport caused by waves.

4.3.3 Ihe,effect of the shoal on waves reéchingnPoint Pelee

The shallow waters and the irregular topography of the extensive

shoal area south of Point Pelee could be expected to alter the waves
traversing it en route to the Point, mostly in terms of the eventual
wave height and direction after refraction and shoaling. The effééts

of the shoal itself or of modifications to it by dredging on waves
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reaching Point Pelee therefore require evaluation. .

These problems were approached by considefing the.ef}e;ts ofléhe'
shoal on the largest waves from the east, southeast, and south., as hind-
cast by Skafel (1975). Waves from the west were excluded because those
that cross the shoal do not reach the‘shores of Point Pelee. Waves from
the southwest were excluded because they are generated in a short fetch
because of Pelee Island, and are therefore of relatively short wave
length. A computer programme was used té calculate the wave rays across
the shoal, and to list the wave height at inteérvals, as well as to iist
the locations and heights when (and if) the waves reached the shore of
the Point.

It turns out that the shoal does not affect east waves reaching
Point Pelee as east waves which cross the éhoal do not reach the Point.

Waves from the southeast that reach the east shore, within two or
three kilometres of the tip are moderately affected by the northeast part
of the shoal. The wave heights are reduced about 10% crossing. the shoal.
Some wave‘rays that would reach the tip of the Point if unrefracted, are
refracted towards the south by the shoal and miss the.tip completely.
Southeast waves that travel over the main body of the shoal do not reach
the east shore. It is conceivable that some of these waves could reach
the west shore but their energy would be séverely reduced by refraction

and diffraction, so their effect on the west shore would be very small.

Waves from the south have to cross the main body of the shoal be-

fore reaching the shores of Point Pelee. Waves crossing the shoal are
reduced by about 15% in height by refraction and tend to focus on the
tip of the Point. Further west the waves are almost unchanged by»the

shoal: their directions are unchanged, and the heights reduced less
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than 5%. On the east shore north of the tip the results are not as
eésily-interpreted because some of the rays cross. Some wave rays’that
would undoubtably arrive at the east shore in the absence of the shoal
are‘refracted off to the east, while other rays that would arrive 6n the
shore near Wheatley aré refracted ontd the shore much closer to the tip,
but with severe reduction in wave height (over 50%).

To investigate the effect of a gross. change in shoal depth, the bathy-
metry data for the computer programme'wasvaltered.such.ﬁhat'from two- kilometres "
south of the tip of Point Pelee and southward all depths less than 10 m
were set to 10 m. About 30 square kilometres were affected and the
water depth was increased by up to 4.2 m. The wave rays for soﬁtheast
and gouth winds were recélculated with this new bathymetry data. The
most obvioqs result was that wave rays no longer crossed because most
of the bottom irregularities were removed.

The waves approaching from the southeast are not refracted south-
ward as much near the tip of the Point, so within about one kilometre of
the tip there is an increase in wave energy -at the shore. The wave
heights are about 25% greater right at the tip compared to the case with
the true bathymetry. Northward on the east shore the waves are not
affected.

The wave rays from the south are now more evenly distributed along
the east shore. North of the tip thé wavé heights are in some cases about
25% greater than with the original bathymetry. At the tip of Point Pelee
the wave height is about 107% greater. On the west side of the tip the
waves are not focused on the tip as much by the modified shoal, but the
heights are about 10% larger, reaching the shore slightly north of the
tip. Further west, and hence north on the west shore the waves are

similar to those with the original bathymetry.
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. ’ The pverall effect of removing shoal mat_erial down to the 10 m

contour is to‘increase the wave heights at the tip §f Point Pelée_by

as much as 25%. No significant changes would occur on the west shore.

An increase of up to 25% in wave height would occur along the east shore,
which implies that the wave energy level would increase by about 50%.

Thus a gréss reduction in the shoal elevation would.definitelyAincrease
the wave energy reaching Point Pelee. However, the effect of dredging
activities to date on the shoal elevation is by comparison very small and
practically impossible to measure. Furthermore, since the major reduction
in wave energy is due to refraction over the nearshore slopes of the Point,
rather than over the shoal itself, dredging in the vicinity of the spit
and other nearshore areas would have a much more siggificant effect. ;

Studies have been carried out in Great Britain on the effect on shore

erosion of dredged holes offshore altering tﬁe wave refraction patterns
(Motyka and Wiliis, 1974). This effect could not be investigated at -

Point Pelee given the time constraints of the study, and is recommended

for futute research., However, with the exception of the long, deep tréﬁch
in the northweést portion of the shoal some 3 knm. offsﬁore, such depressions
on the shoal are small in area and much shallower than those used ' -
in the British study. Their effect could be assumed; therefore, to be
minor and adequately covered in the above-tfeatﬁent‘of the effects of

overall deepening.

4.3.4 Ianteraction ofVWaVes with the Pelee Shoal Sediments

The oscillatory boundary layers generated at the bottom due to
waves induce shear stresses which act on the sediments forming the
bottom. If these stresses exceed the critical shear stress to move the

' particles, the sediment w?iil be set into oscillatory motion, with a net
drift in the direction of the waves due to the mass transporﬁ velocity.

The sédiment distribution patterns and geomorphology of the shoal




suggest that the net movement of sediments on the shoal is from west to

east (Fig.9,.10). In this section the results of a study (Krishnappan
and Skafel, in prep.) to estimate the net direction of sediment trans-
port caused by waves are reported, so that this calculated direction can
be compéred to the geological evidence.

To simplify the analysis only waves generated'by northeast, east,
southeast, south and west winds are considered. (The shoal is relatively
well protected from southwest, northwest, and north winds). Only the
two most severe wind speed classes are used: 1l4.4 m/sec and 17.0 m/sec.
Wave rays are calculated, by computer, across the shoal and :he maximum
horizontal orbital velocity and orbital length found at various locationms.
Using the values of these parameters and the sediment size distribution,
values of the shear stresses induced on the bottom sediments are deter-
mined, At the same locations the critical shear is also found. A
sediment transport index is then defined, which is a measure of the
sediment transport (zero and negative values of the index indicate no
transport) over the shoal at that location. These indices are then
weighted by the relative frequencies of occurrence of the Qinds (Table
4,1 ). Figures 19A to 19D show the distribution of the weighted‘
indices for fogr examples. The mean index for each wind speed and di-
rection is found. Assuming that, to a first appfoximation, each mean °
index acts in the direction of its wénd, ;he mean indices are summed
as vectors to arrive at combined effect on the shoal sediments. The
resulting index is 3.11 directed N 86° W. Thus, as a result of wave
action, the principal direction of sediment transport on the shoal
is towards the west. The transport to the north is an order of magni—
tude smaller, |

The sediment distribution and the configuration of the ridgés (dunes)

on the shoal indicate that the net transport is towards the east. This is
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contrary to the findings for wave induced motion, and so mist be the
result of another process. Such a process could be lake currents
towards the east resulting frdm the return flow after the intense wind
set-ups which occur with strong east winds. This possible mechanism.
is examined further in section 4.4.2 on bottom currents measured on
the shoal. |

4.4 BOTTOM CURRENTS IN THE POINT PELEE AREA

In order to assess further the pathways of sediment transport
(bed. load) in the study area, bottom currents were measured overvthe
period mid-July to early November, 1974 at 3 selected sites: off the
east and west shores approximately 2 km north of the tip of Point
Pelee, and on the eastern portion of the sheoal, approximately 4 km
saﬁﬁheast of the tip (Fig. 17 ). Sglf—powered recording current
meter packages were jetted into the bottom in water depths of approxi-
mately 4 m (east and west site) and 7 m at the shoal site. Each package
cqnsisted of a Marsh-McBirney current sensor oriented to magnetic north
and located 1 m above the bottom, and a seéled wateeright package con-
taining é timer, a Rustrac recorder, and a battery pack (Fig.20 ).
The analog records were subsequently digitized at 15 min. intervals..

Data recovery was faif and averaged 57% of the total time period

as showh below: . .
, Good

Site - Installed Removed No.idays Data (days) Recovery %
East July 17 Nov. 1 lOS : 49 47%
West July 17 Nov. 1 105 84 80%
Shoal Aug. 7 Nov. 1 85 55 65%

However, much of the data comprised extensive uninterrupted periods of
up to 1987 hours, and thus represent a valuable base of neafshore current

data for western Lake Erie. Assistance in summarizing the data was
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provided by Drs. P, F. Hamblinl and E. B. Bennettl, and Mr. F. Chichiol.
| In addition to the continuous current measurements, a total of 9
days (between June 12 and July 3) of drogue tracking experimencs was
obtained at sites (2 - 9 m water depths) off the east and west sides

of the Point (Fig. 21 ) near the current meter sites. These data,‘
supplied by W. S. H:~.1ras2 will be examijned here also.

4.4.1 Results of bottom current monitoring study

The results of the current monitoring study are examined.in'this
section from 3 points of.vigw:
1, Ave:age cﬁrrent regime at all sites
2. Seasdnal variations in the current regime
3. Characteristics of the energy spectra and relation-
ships between the data from all the sites.
The continuity of the data and theif conéurrency with other process
time-series collécted, present a considerable poténtial for much further
research into the time-dependent aspects of bottom currents. However,
much remains to be done on the evaluation of the error bands related
to both speed and direction values of the current meters used. Because
6f these considerations; the results given here can only be regarded as
an initial indication of the broad trends and patterns in bottom current
distributions. It is encouraging that the directional data from contem-
poraneous drogue tracking experiments.in tAe area agreed well with the
current meter data,

1. Average current regime., Table 4.6 and Figure 22 present

summaries for each site, with the exception of the east site where

lApplied Research Division, CCIW

2'Shore Properties Section, Ocean and Aquatic Sciences Branch



TABLE .4.4  SEASONAL CURRENT METER SUMMARIES, POINT PELEE

WEST SITE (July 17-Aug. 8) (SUMMER, 1974)
Direction toward Percent Max. current Mean Mean current
(mag. north) observed speed cm/sec duration (hrs.) speed cm/sec
45 0.4 1.5 2.0 1.0
90 o 1.3 4.3 1.2 1.8
135 72.9 23.0 11.0 10.5
180 12.9 10.2 1.9 4.5
225 4.5 5.6 1.5 3.3
270 3.8 4,8 1.5 3.1
315 2.8 13.6 1.7 | 4.8
360 1.3 3.7 1.7 2.0

Mean scalar speed - 8.7 cm/sec
Mean velocity - 7.8 cm/sec at N 138°

EAST SITE (July 17-Aug. 8)

45 12.7 12.4 2.6 5.6
90 4.9 10.9 ' 1.4 2.6
135 | 5.5 8.1 1.6 3.3
180 12.1 12.5 2.8 | 5.5
225 19.5 12.4 2.7 4.9
270 8.0 6.6 1.5 3.4
315 - 10.4 8.0 2.0 3.3

360 26.9 14.8 3.8 » 4.8

Mean scalar speed - 4.6 cm/s
Mean velocity - 0.7 cm/sec at N 323°

SHOAL SITE (Sept. 4-29)

45 ' 3.9 30.7 . 3.0 17.7

90 34.4 57.7 . . 9.4 22.3
135 39.6 63.8 6.9 24.2
180 18.7 41.7- 6.0 ~30.5
225 ' 1.0 20.8 1.3 13.3
270 0.8 17.5 LS S 12.5
315 0.5 20.1 2.0 19.6
360 1.0 26.0 4.0 22,0

Mean scalar speed - 24.2 cm/s’
Mean velocity - 19.2 em/s at N 127°




TABLE 4.5 SEASONAL CURRENT METER SUMMARIES, POINT PELEE

(FALL, 1974)

WEST SITE (Sept. 17-Oct. 8)

Mean scalar speed - 18.1 cm/s
Mean velocity - 4.0 cm/s at N 288°

<

pirection toward Percent Max. current ) Mean Mean current
(mag. north) observed speed cm/sec duration (hrs.) speed cm/sec
45 4.1 3.9 1.9 2,4
90 2,7 4.6 1.4 1.7
135 14.3 9.1 3.2 3.2
180 1.0 1.4 1.0 0.5
225 0.0 0.0 0.0 0.0
270 1.0 1.8 1.2 1.0
315 69.9 25.6 _ 12.8 8.3
360 7.0 4,4 : 2.0 2.6
Mean scalar speed - 6.6 cm/s
Mean velocity - 5.4 cm/s at N 317°
EAST SITE (Oct. 10-Nov. 1) ,
45 4.0 21.4 : 2.1 8.8
90 0.0 0.0 0.0 0.0
135 0.0 0.0 0.0 0.0
180 0.6 3.3 ‘ 1.5 3.0
225 9.8 23.0 3.2 10.4
270 19.5 ' 16.8 3.4 6.4
315 15.3 9.6 2.0 4.8
360 50.8 22.1 7.0 8.6
Mean scalar speed - 7.8 cm/s
Mean velocity - 4.9 cm/s at N 335°
SHOAL SITE (Oct 8-29)
45 12.3 29.9 5.6 17.8
90 2.2 11,5 2.2 6.4
135 8.3 47.8 4.2 15.8
180 14,3 58.8 4,2 20.7
225 16.5 34.6 4.9 18,9
270 10.1 33.1 ' 5.7 17.8
315 17.5 3%.0 4.9 17.8
360 | 18.8 32,7 3.8 18.6
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TABLE 4.6 SEASONAL CURRENT METER SUMMARIES, POINT PELEE

(COMBINED SUMMER AND FALL, 1974)

esT SITE (July 17-Oct. 8)
5T S8

pirection toward Percent Max. current Mean " Mean currert

(mag. north) observed speed cm/sec ‘"duration (hrs.) speed cm/sec
45 1.7 3.9 1.5 2.1
90 2.6 9.9 1.5 o 2.5
135 , 32.4 23,0 6.4 8.1
180 5.2 10.2 1.5 3.6
225 1.8 5.6 ” 1.4 ' 2.9
270 4.6 100 1.6 | 3.6
315 ‘ 47.7 25.6 8.8 - 8.1

360 4.0 6.5 = 1.7 : 2.7

Mean scalar speed - 7.1 cm/s
Mean velocity - 1.2 ecm/s at N 307°

SHOAL SITE (Sept. 4=Oct. 29) _
45 ' 13.9 41.8 4,5 o 17.7

90 13.8  57.7 5.5 20.5
135 17.9 63.8 5.5 20.7
180 14.9 58.8 4.9 24.3
225 10.7 67.1 4.5 21.0
270 7.1 45.6 5.2 18.1
315 9.8 34.0 4.2 15.5
360 1.9 . 32,7 3.3 ©16.8

Mean scalar'speed - 12,6 cm/s
Mean velocity - 4.4 cm/s — N 131°
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data were lacking for the period mi&-Aﬁgust to mid-Octobef, making
a general summary of that site meaningless. ‘At the west site, the.
bottom currents over the entire period (July - Octobér) showed an ,
average speed of 7 cm/sec and a preferred direction (> 107 occurrence)
strongly toward the northwest and to a lesser degree, to the southeast;
In view of possible errors in the direction'readings, such directions
might more safely be termed "parallel to the shoreline", which trends
roughly northwest to southeast. Maximum current speed was 26 cm/sec
toward the northwest. The shoal site, on the other hand, showed much
higher average speeds for the period (Sept. 4 - Oct. 29), and a far.
greater variability in direction. The most frequent direction was‘to-
ward the southeast. Maximum current speed 1 m above the bottém was
67 cm/sec, toward the southwest .

The shoal values correspond reasonably with occasional measurements
of currents reported in Kindle (1933). These reports, mostly anecdotal,
describe surface currents of up to 2.33 m.p.h. (105 cm/sec) near South-
east Shoal Lighthouse. A bottom current of 67 cm/sec. (the maximum shoal
current measured in this study) if extrapolated to the surféce, corres—
ponds with a surface current of approximately 150 cm/sec (friction - -
factor of 30). Kindle also noéed the often reversing nature of these
currents (eastward then westward, or vice versa) had fairly regular
periods of "4 ~ 8 hours", and were uéuall& associated with win& set
up conditions during and immediately'following the periods of stron-
gest winds. It is noteworthy that the seiche cﬁrrents in Lake Erie
reverse every 7 hours. Other readings faken by Kindle off the west

side of up to 1.7 m.p.h. (76 cm/sec) agree well with our bottom current

values of around 33 em/sec,
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2. Seasonal variations. As noted in section 4,2, significant

seasonal variatioﬁ can be expected in the wind regime.which is ultimately
responsible for current generation. This seasonalveffec; is‘alsovsug-
gested in the current data separated into summer and fall periods. The .
clearest separation is noted af the west sité, where the currents switch
prevalent direction from mainly southeast in summer to mainly northwest
in fall. There is very little difference in the mean and maximum speeds
for the two periods, however. The east site shows a clear ¢change only
in current speeds, with the fall values averaging almost double those

of the summer. The prevaleat direction_is toward the north in both»
cases., The shoal site shows quite distinct seasonal variation in
currents. In the summer, current§ are strongly oriented toward the
east-southeast sector with the southeast direction dominant. Mean speed
is also relatively high at 24 cm/sec (64 cm/sec maximum). In fall,
however, the currents are more variable, with a net wvector téward'the
west-northwest. Mean speed is around 18 cm/sec wifh a maximum of

59 cm/sec, indicating a fegime that is surprisingly éomewhat loﬁer than
the éummer period.

The drogue‘measurements taken in June - July confirmedlthe resﬁits
of the west current metef data (Fig. 21. ), and showed a strong south-
easterly component (67%) approximately pa?allel.to the western shore.
70% of the &rogue tracks measured on the eastern side duriﬁg'this period
wefe toward the noerth as indicated‘by the current meter data.

3. Interpretation of spectral characteristics and interrelatiQn-

ships between sites. Representativé plots of spectral density versus

period/frequency are presented on Figure 23 . Spectral characteristics

due to wave oscillations were below the resolution limit of 1 hr. The
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important elements shown in the spectra are: |

a. .Periodicities in all the recofds at approximately |
4, 5, 6, 7, 9 and 14 hours. The 14 and 9 hour peaks
were especially prominent at the shoal and west sites.
"On the shoal a slighﬁ peak at 50 hr. was noted.

b. qu the west énd shoal sites (the only sites having long
record lengths), the spectra showed that whereas at tﬁe
shoal site 18% of the total eﬁergy was in the’périodS'less
than 20 hrs., energy in this band comprised almost 24% -
of tge west site spectrum.

These spectral_characteristicé serve to indicate possible relation-
ships with process events having comparable frequencies of occurrence.
For instance, the strong peak at 14 hours appearing on all the spectra
represents the effect of_the longitudinal seiche in Lake Erie (period
14;2 hours). This physical‘phenomenon, most pronounced after strong
winds and set-up conditions, is most likely to be cause of the strong
reversing current noted bf Kindle (1933) in the Pelee shoal area.
Calculations by B. G. Krishnappan* of the velocities attainable by re-
turn seiche flows through ﬁhe Pelee Passagebfrom the western basin after
a set up of approximately 1 meter, shéwed values of around 32 cm/sec at
1 metre above the bottom. Such flows would be ihitially directed toward
the south east o#ér the shoal and are probably an important factor
in the dispersal easﬁward of sediment éut into suspension by the pre-

ceeding storm waves.

Other periods noted on the spectra at 9 and 7 hours most likely

represent high modes of seiche oscillationms.

*Hydraulics Research Division, Pers. communication.




The reiative energy totals contained in the bands of §eriods
greater thén 20 hrs, énd less than 20 hrs, afe significént in that this
shows that oscillations of periods greéter than 20 hrs. are more im-
portant on the shoal than on the west side. This is rgasonable as wave
and seiche rélated proéesses (less than 20 hr. periods) can be expected to be
more important in the nearshore west site than on the shoal where more
intense storms.of lower freﬁuency would be a major factor. However,
the seiche related peak is especially prominent in the spect:avof the
east-west compoéents of the shéal site, further supporting the regulafly
reversing east-west nature gf cufrents there.
In summary, preliminary intefpretation of the spectral characteris-
tics of the béttom éufrent.data collected at Point Pelee, indicates that:
a. Wést-to-eést currents.associated with the longitudinal
seiche oscillation of the lake after wind set up and
baromeﬁric pressure differentials are the domiﬁant sedi-
ment transport mechanisms on the shoal.
b. .At the neafshqre éites on both sides of the Point, wave
induced longShoie currents becoﬁe more important,‘especially
on the east‘side. Thé.west sidé is affected by both types

of current mechanisms to a degree compatible with consider-

able sediment transport.

4.4.2 Bottom currents and bottom deposits

The prime objective of the study monitoring bottom currents was
to assess ﬁheir capacity to tramsport the sand-sized sediment found
in the Point Pelee area and the directions faVourgd by such transport.
The scope of this report ahd time constraints did not permit any ésti—
mation bf quantities transported. However, the maximum current sﬁeeds

for each direction will be assessed at each site in relation to the
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’ sediment transport indices that correspond to the grain size at each
site (calcﬁlﬁted by B. G. Krishnappén*). The percent frequency data,.
in Tables 4.4 ~ 4.6 were used as.input.

Table 4.7 shows the sediment transport indices for all the sites
for directions haQing maximum speeds aﬁove the minimum threshold level
for sediment transport (calculated to be 11.5 cm/sec). Direct
comparison between the values of the indices is difficult be- e
cause of the use of percentage data in their preparation. However
their levels can be compared, and these.show that transport intensity
on the shoal is Very much greater than in ﬁhe locations closer to

shore. Also, it is clearly indicated that over the period studied,

the bulk of sediment transported was toward the north on both sides of
the lower portion of Point Pelee, and toward the southeast on the shoal.
How do these values compare with the other indicators of sediment
transport described elsewhere in this report? 1In section 4.3.2 the
longshore sediment transport calculations showed a net southward traﬁs-
port of materials on the east side of the Point. This conflicts with
the evidence of the current meter analysis. However, this discrepancy
could be explained by the absence of strong northeast winds (which
usuélly occur in the period November to March) during the period covered
by the current moniﬁoring. This would aléo accéunt for the surprisingly
low intensity of transport there compared with the west side. The west
side current meter results agree well with the longshore transport cal-
culations, both showing a net (or combined) transport toward the north

(or northwest).

*
C Hydraulics Research Division, Canada Centre for Inland Waters
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TABLE 4.7 SEDIMENT TRANSPORT INDICES FOR

'CURRENT METER SITES, POINT PELEE

Location Weighted * Net Max.
(Season) - S.T.I. (Direction) S.T.I. (Direction)
West (summer) 105.3 (S45E) 105.3 (S45E)
(fall) 142.9 (N45W) | 142.9 (N&SW)
(combined) ﬂ 50.5 (N45W 97.7 (N45W)
East (summer) 0.4 (NO) 0.4 (0%
(£all) | 59.3 (N12°W) 64.5 (NO°)
Shoal (summer) 609.5 (S58°E) 367.9 (S45°E)
(fall) : 99,2 (S15°W) 110.7 (s0%)
(combined) N 277.4 (S62°E) 166.3 (845°%)

% ,
Weighted according to the 7 frequency of currents toward the direction
for which S.T.I. was calculated.
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On the shoal, the results of'ﬁhe current anal&sis show clearly
thé pfedominance of southeasterly transport of sediments. This agrees
well with the sediment distribution patterns, but is contradicted by
the expected direction of sediment transport suggested by the‘analysis
- of wave effects on the shoal (4.3.4.). This is not a serious problem,
however, because the relative magnitudes of the tfansport indices
calculated in each case show that the sediment transport associated
with the predominantly southeast currents monitored by the current
meters ﬁould outweigh by a large amount, those due to the oscillatory,
shearing action of the waves. Also the relatively high summer valves
of the’S.T.I. is surprising in view of the lack of storm during this
period, and might be due more to pressure generated seiche currents
than wind set: up.
The magnitude of the maximum currents on the shoal might also be
a factor in the bedforms encountered there, especially the bank of
parallel ridges described ih section 3.4.2 . Krishnappén* used calcula=-
tions based on the spacing and amplitude of these bottom features to
- calculate the current regime that could lead to their formation. His
results indicéte that such features could well be dunes formed trans-
vers; to the major flow direction in respo&se to unidirectional current
velocities of 16.5 cm/sec or greater. However, in view of thevorienta—

tion of these ridges.subgarallel to the measured net flow direction,

and the relatively short (5.5 hr.) mean periods of steady unidirectional
flow (Tables 4.4 to'4.6 ) in an easterly direction (at right angles
to these features), this mode of origin is no more convincing than one

involving pre-existing or relict features.

*
B. G. KRrishnappan, personal communication.



In summary, the intensity of the currents.recorded is sufficient
to tfansporc‘sediment in varying quantities over the study area. Thgsé
quantities could not be estimated except in a relative sense. However,
it would appear that currents on the west side are at a relatively high
level of intensity during the summer months while those on the east
side indicate relatively quieécent COnditioﬁs during the summer season
and the early fall. The shoal intensities were consistently far higher
than those of the nearshore sites and were higher in summer than in
the fall. Howeyer;-the lack of data fog the ice-free portions of‘the
late fall, winter, and spring months makes the drawing of furtﬁer
conclusions risky. Also, sufficient data on other dynamic processes such

as vortices and eddies (Bukata et al, 1973) are lacking.

| 4.5 MODERN LAKE LEVELS AND STORM SURGES

Although processes associated with waves and currents are the
most prominent in erosion and sediment transport, the effects of othe;
processes of a more intermittent nature must also be examined. Among
these processes are those related to the.change in elevation of the
lake surface. 1In addition to altering significantly the depth of

water in nearshore areas, thus increasing incident wave energy, these

changes can affect cbe extent of wave action on a sloping shoreline, and .

generate strong response currents in the lake.

Fluctuations in lake level having periods ranging from decades
to hours are characteristic of all the Great Lakes. The historical
changes in Lake Erie levels have been described in Secﬁion 2.3.1.
This section deals with those fluctuations in lake level that occur

moré frequently and have a greater potential for amplifying the effect
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of those other processes described previously.

4,5.1 Seasonal fluctuations

In Lake Erie, as in‘all the Great Lakes, there exists a seasonal
pattefn of lake levels, represented by levels rising in spring to a
peak in eérly summer,‘cﬁen.falling in autumn to a low in winter. The
range between high and low (taken from records of daily mean values)
varies from year to year, but is approximately 40 cm. The high leveis
during the relatively calm summer months are recognized to play only
a minor part. in erosion compared to the late fall and early spring
months when intense storms are more common. This is true in spite
of the relatively low lake levels at these times,

4.5.2 Storm surges at Point Pelee

Because Lake Erie is much shallower than the other Great Lakes,
and since it has a long east-west fetch length, it is particularly

susceptible to large wind set-ups or storm surges when sustained winds
blow parallel to this direction. At the ends of Lake Erie the differ-

ence in.lake elevation has exceeded 5 metres on occasion due to storm
surge (Saville, 1953). When such rises in lake level are combined
with storm waves and above average sﬁring or fall lake levels, the
result can be disastrous for a low-lying landform such as Point Pelee.
Shore erosion during such a storm surge episode was investi- - .-
gatéd by Coakley and others (1973): They found that in response to a
severe northeaster in November 1972, the level of the lake on the eas-
tern side of Point Pelee rose some 60 cm within hours of the onset of
the storm, and combined with waves as high as 4 m to completely sub-

merge and breach the narrow beach bar. The result was a loss of
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considefable beach material fo the back shore and marsh behind, and

a léndward shift of the beach berm crest of more than 10 m. Reces- |
sion of the shoreline attributable to this single event was as high as
13.8 m in places along the eastern shore of the Point. In all, an
estimated 5.7 n® of material per metre of beach onshore was removed
from the beach face and adjacent nearshore areas and transported
either inland or to the south. Although some lakeward movement is

to Be expected, the magnitude of this transport could not be °
estimated. -

In spite of the unavailability of hourly readings of the November

1972 storm surge for opposite sides of the Point (due to storm damage

~ to the gauge station), readings at other times in 1974 showed that

simultaneous levels on opposite sides of the Point (Fig. 17 ) differed
significantly. Lake levels on the west side were recorded in sumﬁer
1974 as high as' 50 c¢cm above those on thé east, due to sustained winds
from the southwest piling water against the western shore. Similar
relative values (as high as 27 cm) were noted for the east shore during

*
northeast winds . The effects of this aspect of wind set up has not

‘been investigated, but it would clearly cause ‘strong currents

around the tip of the Point.

4.6 ICE,CONDITIONS AT POINT PELEE

Ice has been recognized to have a potential both for protecting
beach areas from erosive waves, aﬁd for causing chaﬁges in the near-
shore bottom topography that can intensify erosion damage. The present
studies did not include investigation of winter conditions, so use was

made of the literature on a related investigation.

J. Shaw, Shore Properties Section, Ocean and Aquatic Sciences
Directorate: personal communication.
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The combined effects on Point Pelee beaches of winter processes
such as shore ice, frozen beaches and winter storms were investigated
by Dickie and Cape (1974). 1In this section their observations bn
ice conditions at the Point will be summarized.

Ice formation began in early January 1974, as thin sheets on the
west side and as a series of iée ridges (up to 6 m high) on the east
side. While the ice on the west side moved on and off-shore in re-
sponse to wind direction, the east side ice remained attached to shore
and progreésively accreted lakeward by the addition and incorporation
of floe ice. The width of the ice platform on the east side ranged
from almost zero at the tip of the Point to 45 m at the East‘beach
(3 km to the north). No movement of this ice was detected until
break-up in early March..' |

Dick;e and Cape concluded that at Point Pelee, ice served to pro-
tect the beach and where it was absent, as at the tip of the Point,
considerable erosion took place. They conéended that the steep face
of the ice wall on the east side caused scouring of the bottom during
wave action, making the beach more vulnerable to erosion by spring

storms. The west side, not having a fixed ice sheet, showed only

minimal post-ice effects.
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5. SUMMARY OF MODERN SEDIMENT DYNAMICS OF POINT PELEE DEPOSITS

5.1 « INTRODUCTION

Having examined shoreline trends, (both long-term and short-term),
bottoﬁ séediments, and major physical ﬁrocéSSes, this chapter will attempt
to synthesize these aspects into a conceptual model of sedimentation
for the Point Pelee - Pelee Shoal area. It is recognized that the data
base for this synthesis is deficient iﬁ some important areas, namely
physical processes during the period late fall to spring. It is to
be hoped that further research may be possible so that fhis gap will be
filled. Nevertheless, the firm outlines of thé sedimentation picture
for the area can be deduced.

The results presented have definitely shown that the sedimentary
deposits comprising Point Pelee and the adjacent shoal and nearshore
areas are related in a complex way to both the present environmental
conditions and those existing at earlier periods in the evolution of
the shoreline of Lake Erie, Furthermore, as far as present conditions
are concerned, there appears to be a direct relationship,. between sea-
sonal changes in the hydraulic regime of the lake and responses in the
shorelines and sediment deposits. The sections that follow will sum-
marize these rélatipnships and comment on‘sedimgnt budgets and the
effect of dredging on the sedimentation system.

5.2 INTERRELATIONSHIP BETWEEN LAKE PROCESSES AND SEDIMENTATION AT
POINT PELEE '

The major agents of :sediment transport. appear to ‘be:
1. Surface waves and non-periodic changes in the surface elevation
of the lake. The processes most identified with these phenomena are

wave suspension and bottom drift of bed materials, longshore current
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generation, and washover of beach materials into back-beach areas.
These agents, although significant on the shoal (wave drift of bottom
materials) are most pronounced in effect in the beach and nearshore
areas of Point Pelee itself, especially on the east side.

2, Normal lake circulation. This includes currents generated by
seiches or net flow conditions in Lake Erie (west to east). From the
current meter data, these currents appear to play a 15rger role on
the west side and on the shoal than on the east side.

3. Intermittent dynamic phenomena such as vortices and eddies.
have been recorded off Point Pelee (Bukata et al, 1973). The.effect of
these features have yet to be defined, but judging from the turbidity

levels associated with them, such effects also merit consideration.

It is also apparent that these agents operate on varying frequency
scales and that their intensities vary according to the season of the
year. For the purpose of this discussionm, therefore, it is useful to
subdivide the year into the following modified seasons:

1. Winter (ice-covered) - January and February.

2. Spring (rising lake levels, northeaster storms) - March, April,

and May.

3. Summer (calm, peak lake levels, west winds) - June to September.

4. Fall (falling lake levels, sﬁormsf = October, Novembér, and

December.
In this way, we can examine the yearly sequence of events at Point Pelee,
in the context of the frequencies and intensity of these agents, at each
of the_three subdivisions of the study area: east side, west side, and

shoal.
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5.2.1 Winter months

During the winter months, the lake processes are controlled by the
presence of an ice cover;which reaches maximum extent in January and’
February. In spite of a high storm frequency, the effects on the shore-
line at Point Pelee are minimal, due to the restriction of open-water
fetch distances and wave generation by the ice cover and the protection
given to the shoreline by tﬁe ice from any wave action that does occur.
The main effects during this season are restricted to the scouring of
the nearshore lake bottom directly in front of the ice sheet. Dickie
and Cape (1974) also noted severe.damage.ard eventual.breaching 6f.the

"low spit after a winter storm destroyed the "ice wall" on the east side
of the tip. On the shoal, wave énd current levels for this périod are
as yet undetermined, but they are expected to be low, at least after the
formation of an ice cover. For this reason, the general effects of
bottom transport by currents are expected to be at a minimum. In other
words, this period is believed to be one of minor significance insofar

as shoreline and nearshore processes are concerned.

5.2.2 Séringrmonths
 In contrast to the winter months, the spring period is characterized
by an intensification of lake processes and presumably of sedimentary
responses. March has long been recognized as a -bad month for shore ‘
erosion at Point Pelee. Several factors contribute to this development:
a. This is the season in which the influence of the "northeasters”
due to cyclones tracking up the Atlantic coast is greatest
(Figure 16 ). As a result, east winds with their long fetch
generate high waves and surges which cause consideraBle erosion

damage along eastward facing shores. Winds greater than 10 m/sec



(20 knots) comprise 267% of the‘total in March (Figure 16 ).

p;. Lake levels are rising steadily due to the spriﬁg thaw, and
beaches are saturated due to high ground water tables, there-
fore beach erosion is encouraged.

In the shoal and nearshore areas, this period of the year is
therefore likely to be a period of energetic changes. The nearshore
lake bottom has been modified by winter wave action at the foot of the
ice‘she;t, so this modified profile must be adjusted to the spring
wave climate. Alsgo, northeast and east storms generaté waves of suffi~
cient size that they affect even the outer nearshore zone as well., Al=-
though no process data were collected during this period in such areas,
the exposed scoured surface of the till exposed off the eastern side
of the Point attest to the presence of effective wave action and bottom
scour out to water depths of more than 10 metres. The expected net
result of such iﬁtense actiVity woul& be to erode and separaﬁe out
the coarser fractions (sand, gravel) froﬁ the till and transport them
shoreward by wavevdrift to the breaker zone. There longshore currents
would transport this material and material originating in the northern
portion of the Point southward at rates up to 50,000 m3 per storm .
(Coakley et al, 1973) although the net rate is estimated at 25,000 m3/yr
(Skafel, 1975). In additionm, congi@erab{é beacﬁ-face material would be
washed into the back beach and marsh areas by storm surges that accompany
these storm events. In short, the.spring season represents the peridd
of most erosion on the east side of Point Pelee. The material eroded
from the east side would be deposited off the tip of the Point where
it would tend to be moved further westward by wave drift over the

subaqueous portion of the spit, to the area just southwest of the exposed
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spit, and in fact, an undetermined amount would be expectéd to be
transferred directly to the west side of thekspit by washover at the
low-lying spit itself. The transverse depression immediately south sf
the spit (A-A on Figure 13 ) could also be a major conduit for east-
west transfer by wave drift and currents.

In the absence of spring field data on the shoal, one is obliged
to rely on the theoretical éalcuiations of wave effect on the shoal
(section 4.3.4) to estimate the behavior of shoal sediments during
this period. According to the criterion used in these calculatioms,
even the largest waves estimated for east winds do not break on the
shoal. Therefore, wave-induced longshore currents are not generated
and any sediment transport there would be due to either wave &rift or
seiche currents or a combination of both. At this time we do not know
whether these two processes operate concurrently; however, in section
4.4.2, it has been shown that the more steady seiche-related currents
would considerably outweigh those due to oscillating wave-induced drift.
Therefore all that can be said at this time is that the waves generate&
by east or northeast storms are capable of considerable resuspension
of the shoal sediments. Under:these conditions,’the :eastward return flow
along the bottom from the lake set-up would tend to transport this
suspended material toward the east or southeast. Also of undetermined
importance are the spirals and vortices éhat tend to occur‘south of
Point Pelee during the spring months*a They rotate cléckwise and
thus could be expected to distribute material toward the east.

During the spring period, the western side is relatively undis-

turbed by storm activity from the southwest, the direction it faces.

*
R. P. Bukata, Applied Research Division, C.C.I.W.:. personal :communication
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Also, ice covetv:ends to remainvin placé there after it has disappeared
from the east side. It is expected therefofe,'that the effect of waves
generated by soﬁchwest winds would be.of.minor significance and that
sediment transpbrt would be small, However, some of the east side
drift material transported southward during east storms and deposited'.
neaf the tip hould be trahsported northward along the west side due
" mainly to currents caused by the lake level differential (Section 4.5.2)
causing a degree of accretion there. A similar conclusion was conclu-
sion was expressed by Dickie and Cape (1974) on the basis of profile
monitoring in spring, 1974.

In summary, the spring months are characterized by a relatively
high.incidence of storms from the east and northeast. The effects
of such storms are exacerbated by rising lake levels and saturated

beaches, resulting in intensified erosion of the eastern shores of

Point Pelee. Sediments supplied to the breaker zone by erosion and by
onéhore transport of eroded till material, tend to move southward,
being eventually deposited near the tip of the Point. The material
transported down the east side and deposited at the tip is believed

to be transferred in large measure to the littoral drift system of tﬁe
west side. A significant‘émount of beach material is washed into the
back~beach and marsh areas an&uis effectively lost from the coastal
drift system. Sediments pﬁt into s;spen;ion on the shoal are pro-
bably transported eastward due to seiche currents generétgd by storm
surges.

5.2.3 Summer months

The summer months - June, July, August, and Septémber represent

the season for which most data have been collected. Wind statistics




for Augﬁst illustrate that these months are thé least energetic of all,
with calm periods exceeding 127 and winds over 10 m/sec only 0.217% of
the 10-year average. The strongest and most frequent winds blow from
the northwest and west. Ihe lake reaches its peak levels at this time
and vertical stratification occurs intermittently in the shallow
western part of the lake.

The data on bottom currents collected in the area are surprising
in that they showlthat both the west site and the shoal site have rela-
tively high levels of current speeds duringtthis seeningly quiescent
beriod. Also both sites record currents capable of transporting sedi-
ments in quantity toward the southeast at both locations. This level
of transport cannot be explained only by the-northwest-to—wesﬁ oriented
wave climate, which is relatively insignificant., Furthermore, thg
current meter on the west side is located in 4 m of water, outside the
zone of maximum longshore wave—generaﬁed currents (max. depth of breaking
waves - 1.8 m). Therefﬁre, it appears that other processes, most
likely those‘associated with the reversing longitudinal seiche currents
or with the net west to east flow in Lake Erie, play thg.most important
tole at the two sites. Evidence of this is the strong 14 hr. peak
periods in the bottom current energy spectra for these sites. Also
since this éeason is the only one apart from the winter season in which
thermal stratification takes place,'it i; conceivable that flows due
to the.longitudinal seiche would be confined mainly to the bottom layer
over the shoal, with a resulting increase in sﬁeed compared to unstrati-
fied periods of tﬁe year,

The east side shows a marked variability in direction and a general

low level of current activity during this period. Net transport is small
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"and directed toward the north. This is taken as a reflection of the

virtual absence of strong east winds in these months, and the lack of
any channelling (and amplification) of the seiche currents by either
geographic constriction (as through the Pelee Passage on the west) or
vertical stratification (as on the shoal).

How. do -the above bottom curfent patterns agree with the sediment de-
positional patterns observed. at these locations? First.of all, .on-the
shoal the relatively stréng, consistently southeast directed currents
agree well with the predominantly eastward trend of bottom sediment
deposition as shown on Figure 9 ., However, in spite of the high
speeds recorded during the summer months, it is difficult to yisualize
peak sediment tranmnsport coinciding with these months, as wave action
on the shoal is minor compared to thg spring months, and resuspension
of bottom sediments Vould be correspondingly low also. On the west
side, erosion profiles monitored in 1974* show moderate accretion of
onshore profiles (Figures 24 and 25’ ), with accretion volumes de-
creasing as one travels north from the tip of the Point. This pattern
is consistent with northward transport, thus indicating a reversé flow
to that recorded at the current meter site. However, the profile daéa
is open to alternative interpretations and so, any resolution of this
apparent inconsistency must await the pubiished.interpretation of the

profiles. The volume changes on the east side profiles show slight

~ erosion in the extreme southern prbfiles, and accretion in the middle

profile. Here again, the reconciliation of these data with those of

*
J. Shaw, Shore Properties Section, Ocean and Aquatic Sciences
Directorate: personal communication.
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the current meter records is not yet aVailaBle.

In summary, during the summer months, the locations expected to
show the most sediment tranéport are the shoal (toward the southeast)
and along the west side of Point Pelee (either northward or southward.
depénding on the direction of wave approach. Due to the absence of
east or northeast storms, the overail level of sediment resuspension
and transport on the shoal during the summer months is believed to be
much less thgn in the spring in spite of the high summer transport
indices calculated.. On the east side transport is expected to be low,
with a slight net transport toward the north. Sediment inputs through
shore and bottom erosion should be low and both erosion and accretioﬁ
are expected to-occur along the shoreline.

5.2.4 Fall months

In Lake Erie, the Fall months are characteriéed by the following
conditions (Novehber is used as an example):

a. Calm periods comprise only 5% of the 10-year record, and

- winds exceeding 10 m/sec comprise 35%. Predominant in
frequency and intensity are the winds from the southwesf
(11% over 10 m/sec). This month also has the highest per-
centage of strong southeast and south winds.(l.é and 3.67
respectively above 10 m/seq.) (Eigure 16' ).

b. Lake levels are falling and beaches are not saturated.

c. The lake is not verticall& stratified but the shallow

western basin is-coolef than the central basin,

Data on bottom currents were restricted in this study to ﬁhe

~early part of the Fall (up to the end of October) and as a result
the usually severe mid-November storms were not included in the record.

However, the records collected for this period showed a considerable
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‘difference from those of the summer months. Currents at the west
site were predominantly toward the northwesﬁ at slightly reduced
average speeds (compared to the summer values). The west site current
records for the fall season included the latter part of Seéptember, so
they might not be as typical of Fall conditions as those of the other
two sites. The shoal bottom currents show a variability in directian
(northward as well as southward directed currents) and a reduction in
average speeds, This reduction in energy levél is not clearly shown
in the transport indices (Table 4.7 ). Net transport was toward
the south and relatively low. The bottom current speeds at the east
site afe higher than the summer values, and are more consistently
toward the north. |

While looking for an explanation for this trend toward north-
- ward transport, it must ﬁe realized that seiche currents would not be
as important during these months, due to the infrequent occurrence
of east storﬁ conditions, and the unstratified nature of the lake.
It therefore appears most likely that the predominant south orienteéd
(southwest, south, and southeast) wind (and wave) regime might be the
most important factor at the nearshore sites. No explanation can be

suggested at this time for the alternating north-south currents on

the shoal, noted on the Fall records.

’

In any event, the Fall period apﬁea;s to favour net northward
transpoft‘of bottom sediments at the two nearshore locations and con-
siderable northward transporf on the shoal. In view of the lack of

any data on late Fall conditions (a period of high storm incidence)
nbthing more conclusive may be said on the subject of general sedi-

ment transport patterns for the Fall months.
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5.3 SEDIMENT SOURCES AND BUDGETS

In section 3.5.1, the principal sources of sediment for Point
Pelee and shoal deposits were listed as:

1. hnconsolidated glacial material comprising the shoreline

to the.northeast.and northwest ef Point Pelee;

2. Tills exposed on the bottom within the zone of shoaling waves.

3. Relict deposits om the ehoal; |
Quantitative'assessment of these sources into a‘valid sediment budget
is difficult becahse of the lack of sufficient data on sediment trans-
port rates. However, the broad picture of sediment eources and path-‘

*
ways can be sketched out .

5.3.1 Erosion of unconsolidated glacial material shorelines

Glacial shorelines in the vicinity of the Point contain sand and
gravel in amounts ranging up to 40%, and are eroding at average rates
of more than 1 m/yr. St. Jacques and Rukavina (1976) estimate that
the bluff sho:elineS'east-of.Wheatley supply -about 40,000 m3 and 19,000 m3
sized material to the littoral zone. This figure contrasts Qith
those of Skafel (1975) and Kamphuis (1972) for net littoral drift
southward along the east side of Point Pelee - 25,000_m3 and 19,000 m3
per year, respectively. Although no attempt wiil be made.here.to
explain this discrepancy, evidence (such as the maintenance dredging
figuree fpr‘Wheatley harbour) indicates that the latter f;gures,
aropnd 25,600 m3/yr, are more realistic. |

On the west side, Skafel estimated a slight net drift northward
from the t1p of the Point up to a location near Leamington, where sand

eroded from the bluffs to the west is also deposited. The net littoral

For further reference, see St. Jacques and Rukavina (1976)
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drift for the west side is estimated at approximately 4,000 m3/yr.
This material apparently originates in the southern portions of the
western shoreline, near the tip.

5.3.2 Bottom erosion of tills

The erosion by storﬁ waves and currents of tills exXposed on the
lake bottom can also be regarded as a significant but undétermined
source of sand.and gravel for the Point Pelee deposits. The magni-
tude of this contribution is difficult to assess accurately, but if
one assumes an average rate of erosion of 0.1 em/yr (whiéh appears to
bé on the conservative‘side) over a total area of 150 km? (100 km? on
the east and 50 km? on the west)_of tills averaging 20%;§and and
gravel, then one arrives at a rough total contribution of approximaﬁely
30,000 m3/yr‘(or more realistically , somewhere between 15,000 and
45,000 w3/yr). Such material would largely be transported by wave
drift onshore or adaed to the longshore drift system thus"paftially
making -up for the 105ses dué'to overwash of the beach berm or lakeward
transport by rip currents. |

Since till is also exposed over large areas of the Pelee Passage,
it is conceivable that a degree of bottom erosion is occurring ﬁhere'

as well., Much of this matefial is probably conttibuted to the west

side of the Pelee shoal deposit.

5.3.3 Relict deposits

| Rélict deposits on the sh;al épparéntly contribute to the'growth of
the lobe of fine sand deposits trepding east from the main shoal body,
through the winnowing out and transport of finer fractions by waves and
currents. E#cept for the possibility (discussed in section 5.3.4) of
some northward transpért of sucﬁ shoal materials toward the Point in

the fall months, there is little physical indication of such transfers.
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©5.3.4 Summary

Figure 26 summarizes in a-sChématic'wéy the main concepts of
sediment transport in the Point Peleé area, The littoral drift supply
to the east side appatently represents the largest contribution to the
sediments making up the Point and adjacent nearshore deposits. There
is little sign that this material is deposited entirely along the
shoreline since erosion is consistent occurring along this side. One
must therefore conclude that a portion of this drift goes toward

'méking up for the 4000 m? transported northward on the west side
annually. The rest is pfobably déposited in thé_vicinity of the. tip ",
either on the northern portion of the shoal or around the spit itself.
This would therefore represent a temporary storage deposit, aiong with
the nearshore system of longshore bars, and could explain why the spit
section of the Point is so variable in size and orientétion. According
to the wave climate and othe: seasonal procéss factors, this stored
sediment Vould be expected (depending on wave conditions) to.be returned
up the east side or be tfansferred to the west side drift system. The
portion of the shoal south of this storage area (in the vieinity of-the
dredging licences) does not appear to serve as a significant éource of
sediment for littoral drift élong Point Pelee.

5.4 PROBABLE EFFECTS OF COMMERCIAL DREDGING SOUTH OF POINT _PELEE

Section 2.4 outlined the historical development and scope of
commercial dredging operations to the south of Point Pelee. In con-
sidering the effect of such pperations'on coastal processes, a clear
distinction must be made between operations priof to 1918 and those
aftgr that time. These two periods will now be examined in the light

of the process regime outlined in Chapter 4 and the sediment sources
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and pathways described in section 5.3.

5.4.1 ‘ Dredgggg prior to 1918

During this period, an undetermined volume of sand and gravel was
extracted.from the shoal area and even directly from the spit itself
(Fig. 7 ). The result (appafent within a few years) was a drastic.
reduction of the length of the subaerial spit (of between 500 and 800vm),
and the severe erosion of sections of the east shofé,;according to |
various reports cited in section 2.2.3. Changes occurring in the suba~
queous aréas were not recorded. Moreover, this activity might have been
the original cause of the two transverse channels crossing the spit
ridge at A-A and B-B (Fig. 13 ), although there is no recordéd. evi-
dence of this, |

Such operations undoubtedly had a profound effect on the wave
climate near the tip of the Point and on the then—exiscing pathways
‘of littoral sand transport. In the case of the former, incident wave
energy would be increased; making the spit more prone to wash-overs and
causing a considerable lowering in elevation. The dry-land spit that
had extended almost out to the Dummy Light would have disappeared.
In the latter case, i.e. regarding littoral transport, the area of
temporary storage for the littoral drift brought down from the east
side would be almost eliminated and the presence of the transverse
channels would alter greatly the'moveéent of sand ?eaching the
tip.

In short, such operations would dgfinitely have contributed to

intensified erosion of the east shore of Point Pelee.

5.4.2 Dredging after 1918
In response to public outcry over shore erosion, dredging opé:ations

were restricted to beyond 1.5 km of the shore and later, to 3.2 km -



(Fig. 5 ). This reloéation moved the sphere of operations to the

- central portions of the shoal, away from the littoral zone of the

Point. However, the continuing reports of severe erosion leads one-

to believe that much of the damage was aiready d&ne, ané the littoral
transport system had been affected in a fundamental way. Since these
later operations were located at such a distance from shore, the only
process factors that they éould concelvably influence would be the
wave climate and the supply of sediments transported northward from
sources within the dredging licence areas. These factors were examined
in sections 4.3.3 and 5.2.4. In the simplifying (but extreme) case of
increasing the deptﬁ of water over the shoal to 10 m, some accelerzted
erosion, confined mostly to the tip, could be.expected. HoweQer, such
an excavation would entail the removal of around 60,000,000 m® of
material, or about 200 years dredging at 1973 rates. For this reasonm,
and the small size of the existing dredged holes, erosion due to intensi-
fied wave action because of these holes is considered unlikely.

With regard to the possibility of interference by dredging opera-
tions with the northward transport of sediments from a source area
within the scope of dredging operations, the crucial issue here is the sour-
tes and quantities of sediment inVolved .in'such transport.:'This is,
unfortunately,one of the areas in which data are sparse and indirect.
It is clear, however, that the nortﬁern goundary of the licence areas
is close to the area vostuldted as.a storage area: for-east sideidgift
(Fig. 26 ). The shoal current data (the meter was located within the
northern poftion of the licence area) indiéated some northward trans-
port (although the net transport was southward) especially during the

fall months. In view of the fact that the extent of the storage area

would vary from year to year, it is possible that these two areas would

-89
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sometimes overlap to some ﬁegree, with the possibility of all ér part
of the stored sediment.being removed by dredgiﬁg.'

Another factor is that the relative scarcity of suitable aggregate

materiais in the western portions of the licence area (Fig. 9 ) would
tend to encourage concentration of dredging efforﬁs on the shoal, thus
increasing the possibility of uninten:ional incursions into the storage
aréa. Since the actual temperary storage volumes at a given time are
probably small (less than 20,000 m ¥yr or a fraction of one year's
dredging volume) such a possibility assumes considerable importance.
For these reasons, it must be concluded that dredging in or near such
areas could have a definite effect on the incidence of erosion along
the shores of Point Pelee. The effect cannot be assessed,preéisely at
this time due to lack of direct data on rates of nor;hward transport
on the shoal, and due to probable lingering effects of the dredging
operations prior to 1918 on sediment movements near the tip of the
Point.

In summary, it appears probéble that the changes in the coastal
processes at Point Pelee, of which shore recession is an obvious
example, are to some undefinable degree related to the intense inshore
dredging operations up to 1918. Since that time dredging operations
have been restricted to the more offshore areas of the shoal, but the
potential for these operatiomns to iAflueAce the incidence of erosion

along the east side of Point Pelee remains a real one.



REFERENCES

Battin, James, 1975. Point Pelee National Park. Unpublished Masters
thesis, Dept. of Geography, University of Western Ontario,
386 p. '

Bukata, R. P., Haras, W. S., Bruton, J. E., Coakley, J. P. 1973.
Satellite, airborne, and ground-based observations of sus-
pended sediment transport off Point Pelee in Lake Erie.
Paper presented at the Guelph Symposium on Remote Sensing,
March, 1973.

CANADA - ONTARIO GREAT LAKES SHORE DAMAGE SURVEY. Coastal Zone Atlas.
Enviromment Canada and Ont. Ministry'of"Nacurgl Resources,
March 1976, 637 pages, W. S. Haras and K. K. Tsin, Editors.

Coakley, J. P. 1972. Nearshore sediment studies in western Lake Erie
: Proc. 15th. Conference Great Lakes Res. IAGLR, pp. 330-343.

Coakley, J. P., 1976. The formation and evolution of Point Pelee,
western Lake Erie. Can. Jour. Earth Sciences, 13 (1),
136-144. '

Coakley, J. P., and Cho, H. K., 1972. . Shore Erosion in western Lake
Erie. Proc, 15th. Conf. Great Lakes Res. TAGLR, pp. 344-360.

Coakley, J. P., Haras, W. S., and Freeman, N. G. 1973. The effect of
© storm surge on beach erosion, Point Pelee. Proc. lé6th.
Conference Great Lakes Res., IAGLR, .pps.377-389..

Coakley, J. P., Winter, G. J., Zeman, A. J., 1975. Vibratory sampler
cores of postglacial and glacial sediments from the Point
Pelee Shoal area, western Lake Erie. Abst: Submitted to the
18th. Confererce, Great Lakes Res. IAGLR.

Dickie, G. J., and Cape, D. F., 1974, The effect of winter processes
on the shoreline of Point Pelee National Park. Industrial
Research Institute, Univ. of Windsor.

Folk, R. L., 1965. The petrology of sedimentary rocks. Austin, Texas:
Hemphills.

Hare, F. K., and Thomas, M. K., 1974. Climate Canada. Wiley Publishers,
Toronto, 256 pages.

91



Hobson, G. D., Herdendorf, E. E., Lewis, C. F. M., 1969. High resblgtion
reflection seismic survey in western Lake Erie. Proc. 12th.
Conference Great Lakes Res., IAGLR, pp. 210-224.

Kamphuis, J. W., 1972. Progress Report on Point Pelee Beach Study (1970
and 1971) and Marentette Beach Protection Programme. Report
DLFS-3 to Ont. Ministry of Lands and Forests, 77 pages.

'Kerr, A. J., 1964. Report on Project 21-1-1 Point Pelee 1964, C. S. S.
Cartier. Ottawa: Canadian Hydrographic Service.

Kindle, E. M., 1918, Memorandum concerning erosion at Point Pelee.
Ottawa: Dept. of Public Works.

Kindle, E. M., 1933. Erosion and sedimentation at Point Pelee, Ont.
Dept. of Mines, 42nd. Annual Report, Part 2, 22 pages.

Kingsmill, Vice Admiral, 1914, Notes on erosion at Point Pelee. Found
in Harkin to Cory, Nov. 16, 1918. Ottawa: Nat, Parks Branch.

Klein, W. H., 1957. Principal tracks and mean frequencies of cyclones
and anti-cyclones in the Northern Hemisphere. U. S. Dept. of
Commerce Weather Bureau Research Paper 40, 60 pages.

Krishnappan, B. K., and Skafel, M. G,, (1976)., Interaction of waves
with Point Pelee Shoal sediments. CCIW unpubl. report.

Lewis, C. F. M., 1966. Sedimentation studies of unconsolidated deposits
in the Lake Erie basin. Unpubl. Ph. D. thesis, Dept. Geol.
Sci.,; Univ., Toronto, 135 pages.

Lewis, C. F. M., 1969. Late Quaternary history of lake levels in the
Huron and Erie basins. Proc. 12th., Conference Great Lakes.
" Res. TIAGLR: pp. 250-270.

Liu, P. D., 1970. Statistics of Great Lakes levels. Proc. 13th.
Conference Great Lakes Res. IAGLR, pp. 360-368.

Longuet-Higgins, M. S., 1952, On the statistical distribution of the
heights of sea waves. Jour. Marine Res. 11 (3), pp. 245-266.

Motyka, J. M., and Willis, D. H., 1974. The effect of wave refraction
over dredged holes. Proc. l4th. Coastal Eng. Conference 3,
pp. 615-625.

Pettijohn, F, J., Ridge, J. D., 1933. A mineral variation.series of
beach sands from Cedar Point, Ohio. J. Sed. Petr. 3 (2),
PpP. 92-94, '

Phillips, D. W., and McCullock, J. A. W., 1972. The climate of the

Great Lakes Basin. Environment Canada, A. E. S. Climatolo-
gical Studies no. 20, 40 pages.

92



93

Richards, T. L., and Phillips, D. W., 1970. Synthesized winds and wave
heights for the Great Lakes. Canada Department of Transport;
Meteorol. Branch, Climatological Studies no. 17, 53 pages.

- Rukavina, N. A., and Dolling, R., 1973. SIZDIST. Statistical Analysis

for F. A. S. T. grain-size data. Proc. 16th Conf. Great
Lakes Res., TAGLR: pp. 1044-1045.

Rukavina, N. A., and Duncan, G. A., 1970. F. A. S. T. - Fast analysis
of sediment texture. Proc. 13th. Conference Great Lakes Res.,
IAGLR: pp. 274-281.

Rukavina, N. A., and LaHaie, G. G., 1976. Changes in size-analysis
procedures, CCIW Sedimentology Laboratory. Hydr. Res. Div.
Technical Note, Report no. 76-1, 4 pages.

Sanford, B. V., 1969. Geology of the Toronto - Windsor area, Ontario.
Geol. Surv. Canada, Map 1263a.

Seibel, Erwin, 1972. Shore erosion'at selected sites along Lakes

Michigan and Huron. Unpubl. Ph. D. thesis, Univ. of Michigan,
Ann Arbor, 175 pages.

Skafel M. G., 1975. Longshore sediment transport at Point Pelee.
. Environment Canada, CCIW unpublished report.

St. Jacques, D, and Rukavina, N, A., 1976. Lake Erie nearshore sedi-

ments, Port Burwell to Point Pelee, Ontario. Unpublished
manuscript.

Terasmae, J., 1969. A paleoecological study, Point Pelee Nat. Park,

Ont. Unpubl. report, Proj. P-108, Contact 68-78, National
and Historic Branch, Ottawa, 17 pages.

Terasmae, J., 1970, Stratographic drilling'ln Point Pelee Nat. Park,

Ont.  Unpubl., report, Contract 68~-200, Nat. and Historic
Parks Branch, Ottawa, p. 6. R
University of Waterloo, Department of Civil Engineering.. 1976.
Shoreline erosion measurements, western Lake Ontario.
Tech. Report contr. by Geol. Surv. of Canada. 4 volumes.



94

ACKNOWLEDGEMENT S

A large numbér of persons within the CanadaiCengre for Inland
Waters assisted materially in the executibﬁ of ;hé field operations
associated with the Point Pelee study. Their contribution, listed
below in order of the specific sub-projects they contributed to, is
acknowledged with appreciation..

Bathymetry and bottom D. St., Jacques, N. A, Rukavina
topography _ B. Eidsforth=*
' -J. Shaw*
T. Motton
K, McMillan
G. Duncan

Bottom sediment N. A. Rukavian,:D. st. Jacques
distribution - G. A. Duncan
: ' G. Lahaie

Vibracore samples : A. J. Zeman
: - G. A

W. G. Booth
H. A

Monitoring of waves | | '~ M. G. Skafel

Monitoring of Bottom currents C. Goldie
: H. Savile
CCIW Diving Unit
J. Diaz

Sedimenf transport . R. W. Durham
R. Goble
H. A. Savile

Shore erosion profiles , W. Haras*
- J. Shaw *

The following persons contributed greatly in the analysis,.
assembly, and display of the field data:

Bathymetry and bottom D. St. Jacques
topography B. Eidsforth#

R. Gillie

Stratigraphy of Point Pelee G. Winter

deposits R. Gillie

* Ocean and Aquatic Sciences Directorate



Bottom sediments D.
GI

Waves M.

Bottom currents E.
A.
D.
E.
F.

95

St. Jacques
A. Duncan

G. Skafel, B. G. Krishnappan

Bruton
Zingaro
Nagle
Bennett

B. Chiochio

Contributions to the preparation to the present report were

as follows:

Diagrams and figures ' A. Gris
Janice Field
P. McColl

Writing - R. Gillie

M. G. Skafel v
Ken East, Parks Canada_

The constructive criticism and suggestions of P. G. Sly,

N. A.‘RuiaQiha; and T. M. Dick are gratefully acknowledged. The study

was partially funded by Parks Canada.



DIAGRAMS AND ILLUSTRATIONS



43‘;

Wheatley,
Leamington
]

Point
Pelee

{ Nationat
J Park

Pelee Island

Cleveland

L.ake Erie

83°

ar

80°

79°

Figure 1.

Location map of the study area.




POINT PELEE
NATIONAL PARK

3300yrs BP

D
—-{

A e
\4‘% ,— // _3500yrs BP
N\ )
) «wxzf

AR -
BEAC?-!R Ez?oees \\\ \\i AREA B
- F’ TRANSVERSE RIDGES

o 1 2 3m
& T s

12,37 BOREHOLES DESCRIBED IN TERASMAE (1970)
4 BOREHOLES DRILLED BY CCIW. (1974)

A g RADIOCARBON DATES OF BASAL GYTTUA

== LOCATION OF CROSS-SECTIONS

Figure 2. Location of geomorphological features and borehole locations

in Point Pelee National Park and vicinity. The position of the beach
ridges and dunes were taken from the same aerial photographs that comprise
.the Frontispiece. Boreholes and radio carbon dates within the Park were

taken by Terasmae (1970) and are subscripted "T'. Those subscripted "z"
were collected as part of the CCIW study in 1974.



3500 yrs BP
Lake level: 170m

2000 yrs BP
Lake level: 171m

© BOREHOLE 1T
2% BOREHOLE 2T

© BOREHOLE 1 7
3% BOREWOLE 2 T

1000 yrs BP
Lake level: 172m

Present -
Lake level: 173.3m

@ @
SE Shoal Lt SE. Shoal Lt.
Q12 345
o 1 2. 3
MILES
[ present shoreline -——- reconstructed shorefine [ ] beaches
: . Figure 3. Reconstruction of the evolution of the Point Pelee foreland

- 3500 years ago to the present (from Coakley, 1976).



Figure 4.
Point Pelee area.
from "North America.

—
e e,
1

Point Pelee, Lake Erie

) Light
) \Mlddle Ground

Comparison of hydrographic maps of the
Map designated "A'" was taken

Lake Erie West End. From

the U.S. Coast Survey, 1849, published 1864".

(Public Archives of Canada, Map no. PAC-31-1864).

Map designated "B" was traced from U.S. Lake
Survey chart no. 6, Lake Erie, a copy of which
accompanied Ag. Distr. Engineer Craig's report

of 1914,

(R Pelee Passage

%
%

" SCALES
i 0 L5 3
e ——————
: ‘ nautical miles
H '
{ 0 3000
) —
metres
i 41°55'—
IR N
i
11
l X
).
“ 18' Contour
\
\
Grubb Reef® A
74
Old Dummy\ e/ T
A& Foundation v 3
< East Shoal g"

Southeast Shoal AP35 —

)

Southeast Shoal g
Light

82°30"




Hiliman
| . Creek z
* Leamington = =

=
Receding
pE-51

Acceding or Stable

Ry
)

PXARS

21

NS

8’
P MR ISR T
NS MARAS AT P I
PAE ATy
A= MOV

OrA
ftX)

¢

DAY P

R

Slightly Receding =2 le-35 Stable or Slightly Acceding

shoreline changes at Point Pelee for the period

Figure 5. Summary of net

1918 to 1973 as tabulated in Table 2.2.



ELEVATION (FEET) ABOVE CHART DATUM {0ft~ 733maxl)

1860[1861 wmmmmwwwmnn'mnsnnu 1875 (1876 1877 [1878 1879|1880 | 881 wmwmmm1ww 1891|8921 1893 18941895 | 1806
6 1751
s 1
‘ _"-_"' '7‘< A
FJ S . - = oA — 1742
) N TN AL NN NN
1 ] ‘ S S
o1 - 1733
- B} i
1897.1898 1899 900{1801 mzw_wﬂmssoemrsoemsnm 10111912 {1913 1914 [1915 {1918 917 ]1918 {1919 [1920 {021 wmo‘«msnzsm7mmamosm.mzma
6 - - — -1 - - 1754
s 44— | !
4 ;
3 — 4 S 124.2
2 L] //\ L Y o 4/.\
; T — > e LT TN
ol N173.3
4
Wmswmzwwmmt‘mammmsmsmr 1848119491950 {195¢ WWWQ&GB&Q&TWB&QM“‘I 196219631964 19651966 196711968 1969 w70
L ! : : J
6 |—] - : 1751
‘ T AN | -
3 e e S N - 172
2 A TN InSy - ] h
N
= | ] v L]
o ke — | ~T 1733
N _JEJ:I | j_ _ v
LEVAIEONS ARE Tn FEEY aEFERRED 1O CROAT (AVES DAt [{1XY)
LU BhANCH, CiFANINGNT OF 'lll.-.', Of FAmh

ELEVATION (METRES)

Figure 6. Time history of yearly mean lake

Colbourne gauge) for the period 1860-1970.
midway between high and low extremes.

levels for Lake Erie (Port
The heavy line denotes a level



82°40° 82'38
41°55"
Lake
Erie
]

41°50'

Peloe

Istand

a2'a0’ 8236
Peloe
Point
4768
% -
é%%l&ﬂi&ﬁ
o4 Lake
Erle
A 1918
1970
41°50°
SCALES
18 3 Pelee
nautical miles isiand
__.-3000 6000 |
metres

Figure 7. Location of commercial dredging licences in the vicinity of
Point Pelee since 1862, based on available information and maps from
Dept. Public Works, Ontario Min. Natural Resources, and the Public

Archives of Canada.




Creek

7 Shipek
samples

€3 SHOAL AREA

22 ECHO SOUNDER COVERAGE (1974)
DIVER OBSERVATIONS
SHIPEK GRAB SAMPLES
BENTHOS GRAVITY CORES
VIBRACORE LONG CORES
JETTING PROBES
BOREHOLES

®@HOe

KILOMETRES
o 1 2 3 4 5

L 1 1. [} L1
g T L S { 1

4

1 2 3
STATUTE MILES

Pelee
Is.

Q Figure 8. Location of sediment and bath i
Fig m hymetric data coll i i
Echograms, cores, and Shipek samples were taken in 1974 setion sites.



O*ro

Sand Mud [ Sandy Gravel ® Till (inferred) @ Borehole

/
rd
Til B Bedrock [[] Muddy Sand = Jetting Probe  * Grab Sample”
-
£3 shoal Area ™7 Dredging Licence id
A ' Area 973 -
canada ) 7
usa. ) ad
‘ Figure 9. Bottom sediment types in the Vicinity of the Pelee Shoal, using
the classification scheme of Folk (1965).



KILOMETRES
1 23 4
>

MILES

ofro

2 3

[ ]
South East Shoal Light
o [ ] [ ] L]

L]

<2 @ (Coarser than 0.25mm diameter)

Grab Samples

e
g
can.
“Tusa.

E‘:ig,ure;_l,o. Distribution of mean grain diameters (in ¢ units) for samples
collected in the vicinity of the Pelee Shoal.

Contour interval - 1l¢.
Inset at top right shows a section through the contoured values along A - B.



w5

]
(y] (V]
I <
- ™ N o T
e o o
-f o o
186, N
. wn
massive 2
sand %
1643
‘laminated
— sand:
g sand with
o '3 silt lenses
£
[] b gravel band
£ 181.0
1807@ "
[t 160 lamindted
2 clayey silt
o i
T1] ] massive
158~ clayey silt
4 !am'néled
clay
156 silty
==9 clay
. 185.4 RADIO CARBON -DATES
J ) '® 10260 yrs. B:P 1325 yrs. (peat)
154 A 8100 yrs. B.P. £ 300 yrs. (shells)

@ 3600 yrs. BiP. £140yrs. (wood chips)

Figure 11. Logs of boreholes taken in 1974 using the Alpine Vibrocorer,
showing sedimentary sequence, elevations (referred to Great Lakes Datum,
1955) and radio carbon dates of Pelee Shoal sediments. '

B.H.62

"

] taminated
sand with
gravel

laminated
sand

d sit with sand
4 and clay lenses’




(a)

B
'}
B |

chart datum173.4
— ¥

-

' (Zemon)

D
|
L
1751 B.H. IT n chart datum173.4
, =
. /
170.-
. ‘4 till (moraine ?)
geo :-
@ = lacustrine
D 160
E
155 4] till
% : 9 ! _2Maes
0 A Bedrock |y ma e vl
end of hole
‘45—

Figure 12. Longitudinal and transverse sections (AB, CD on Fig. 2) through
Point Pelee subsurface deposits, using all available borehole logs.
(Borehcles with "Z" subscript denotes those collected in 1974 whose ele—
vations were referred to GLD, 1955).



.-_‘ Rgggnn% Licence
+
Q 1 2 3
k"‘"
CONTOURS IN METRES BELOW CHART DATUM (173.4 masi)
. Figure 13. Bathymetry of the Pelee Shoal based on echo-sounder survey

in 1974. AA and BB indicate the positions of transverse depressions across
the northern part of the shoal.



L%

1 D 4/

~N,
of

slopes:
oS s
dregded bottom:

Prrm s

2
(+10m) depth below datum 1733m(asl)

D Dredging Licence Area 1973

Subaqueous geomorphology of the Pelee Shoal, based on echo-

For vertical sections referred to, see Fig. 3.9.

grams taken in 1974.

Figure l4.



T

VE - 62X

Transverse Parallel Ridges Profile

28 J

©sr 1
W w T ww s mm 5®
distance (m)
0 - r — v} o v - .
a5l TransverseVES:JEran;rged Spit Ridge Profile | a6t Tran Trench Profile ]
€ _ VE - 64X ’
50t T As‘o-
g 3
'8 i 3? Zs:jf_____—/’//-\\“\JV/\)P-’—i\\-_’—-__—;£L
B R - T -
distance (m) st 4
B E E0 A o0 B0 B0
distance (m)
o 0 it ' .
»sl Ta o Trench Profile '1 l Assumed Dredgedansd glggzxral Bottom Profile |
VE - 85X .
L J 50+ 58 ) 5A
50 assumed dredged natual

- & - surface slope angle.

‘ Figure 15. Vertical sections 'thi:ough features on the Pelee Shoal, identified

on Fig. 14.




Figure 16. Principal tracks of low-pressure systems (eyclones) for March,
August and October with corresponding wind roses for Lake Erie. Cyclone
tracks were taken from Klein (1957) and wind roses wave based on 10-year
average calculated by Richards and Phillips (1970).
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a Figure 19A. Distribution of sediment transport indices for refracted
waves transversing the Pelee Shoal. Waves from the northeast (wind speed

14.4 m/sec).
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Figure 19B. Distribution of sediment transport indices for refracted
waves transversing the Pelee Shoal. Waves from the east (wind speed 14.4 m/sec).
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Figure 19C. Distribution of sediment transport indices for refracted
‘ waves transversing the Pelee Shoal.

_ Waves from the sautheast (wind speed
14.4 m/sec).
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. Figure 19D. Distribution of sediment transport indices for refracted

waves transversing the Pelee Shoal. Waves from the west (wind speed
17.0 m/sec). ’
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Figure 20. Example of self recording current metervpackages installed
on the bottom near Point Pelee (refer to Fig. 17). A) - Marsh-McBirney

electromagnetic current sensor; B) - power and recording canister;
C - Pinger for relocating the package; D - mounting rack; E - support
pipe for anchoring the package. '
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- Figure 21. Dfogue'trajectories recorded at Point Pelee (June and July,
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Figure 22. Summary roses of current frequency and direction for current
monitoring sites in the vicinity of Point Pelee. For percent frequency
data, refer to Table 4,4 to 4.6. Circle represents 307 frequency.
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Figure 23. Representative energy density spectra for current vectors,

Point Pelee. Hourly data used in computer program by F. Chiochio.
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Figure 24. Location of shore erosion monitoring profiles on Point Pelee.
Profiles established by Shore Properties Section, Ocean and Aquatic

Sciences Directorate.
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Figure 26. Interpretation of the major patterns of sediment transport and
deposition in the Point Pelee - Pelee Shoal area.
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