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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 erosion at Point Pelee in the 

perspective of the geological history. The various processes 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-worked to 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. Dredging on the shoal will affect the nearshore regime, par- 

ticularly if located too close to the shore.
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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 

Ever since its formation as a much larger coastal feature some 4000 

years ago, Point Pelee has been receding landward (i.e. northward and 
0 

westward) under the influence of rising lake levels and increasing wave 

stress. Using some reasonable assumptions, 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 trends inferred from the historical 

record (reports, surveys and charts) indicate significant change from this 

overall trend. Average westward recession since l9l8 for large portions 0 of the east side of the Point now reach ‘more than 3 m/yr, and the
A 

partiafly'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: 

l. The dominant trend of sediment movement in the central and 

southern portions of thesghoal is from west to east, in spite 

of the reverse direction predicted on the basis of the expected 

wave drift effect. »
_ 

2. In the more northern areas of the Shoal, the pattern is not as 

clear due to depth limitations on survey coverage. However, 

observations of the changing trend of the submerged spit and 

other evidence suggest that depositional patterns in this area



are highly variable. It is postulated, therefore, that thisv 

area constitutes a temporary storage and transfer area for 

Asediments in the Point Pelee littoral drift system. 

3. Littoral drift on both sides of the Point often reverses in 

direction according to the prevailing wave climate but on the‘ 

"least side, the get direction was calculated to be southward at 

rates of ca. 25,000 m3/yr. On the west side, net rates are 

lower at ca. 4,000 m3/yr toward the north. 

Short-term monitoring of bottom currents inthe area are for the most 

part consistent with the above sediment dispersal patterns, but the energy 

spectra of the currents suggest that agentssuch as lake circulation effects 

_(especially those related to seiching) are of greater importance than waves 

in sediment distribution patterns on the Shoal. 

On the basis of the above information, it is concluded that there is 

little evidence that commercial dredging in the southernhnost areas of the 

iShoal is an important factor in shoreline changes on the Point; However, 

the dredging operations in the vicinity of the spit itself during the 

early l900's, and the close proximity of more recent operations (up until 

l973) to the postulated storage area in the northern areas of the Shoal 

should definitely be considered as adverse factors in explahfing the recent 

trends in shoreline changes at Point Pelee.
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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 more impressive natural features of the shoreline of that 

lake (Fig. l). . 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 National Park, 

which occupies the southernmost portion, is a wel1—known natural preserve. 

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, sandemining). 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.1ong-term
\ 

trends and short-term processes and responses that determined the.evolution 
‘ K 

of this landform. Basic questions dealing with the origin of the landform 

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 now it was generally believed that 

the landform was a simple cuspate spit formed by accretionary processes and 

that the erosion taking place represented an abnormal reversal of this trend. 

Recent research has cast considerable 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 ‘("62 which recession represents only a 

highly visible part) must be studied and documented. 

a e 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 critical review of the existing literature and results‘ 

p 

of investigative reports on trends and developments in the 
coastal zone at Point Pelee, with a view to providing 
'a_1ong-term perspective on coastal evolution at Point Pelee. 

The quantitative definitionvof the sedimentary deposits 
making up the Point Pelee complex, with special emphasis 
on the heretofore undefined Pelee Shoal entity, aimed at in- 

terpretating the past and present depositional conditions 
there. 

The examination of the dominant components in the physical 
process regime of the sreawhicho t°8Bthér With Pr°¢e33' 
related sediment parameters, will contribute to the develop- 
ment of a conceptual model of sedimentation for the Point 
Pelee - Pelee shoal complex. 

The utilization of the insights gained in:the above aspects 
in comenting on the probable impact of offshore commercial 
sand-dredging operations on the sedimentation regime at Point 
Pelee.‘

A 

1.1 REPORI CONTENIS 

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 general way the probable causes of these changes and introduces the 

background for the offshore dredging controversy that will be 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 depositional complex 

(encompassing 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 sediment 

deposition around Point Pelee and the impact on this depositional 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 suary 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 source of basic data and concepts on this complex coastal 

area . 

1.2 SUMMARY or 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 the 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 dunes 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 
0 

for the most part relict* deposits which have been re—worked 
and re-distributed to their present configuration. In other words, 

V 

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 characterized by low 
levels of longshore drift (less than 25,000 ma/yr),*% 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 
periods of southerly to westerly winds and waves, the direction of 
littoral drift on the east side is predominantly northward. It 
appears 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 
2 km). 
littoral drift is much lower at 

breaking waves (a distance of about 
On the west side of the Point, the calculated net amount of 

approximately 4,000 ma/yr (which is 
the.margin of error of the calculation), and is directed northward 
under all conditions except during westerly or northwesterly waves 
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. 
be deposited in another temporary storage area at the extreme north of 
the west reach in the Leamington - Sturgeon Creek area. In sumary, 
the west side appears to be, for all 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. 

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

The material transported northward is presumed to _



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 l9l2'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 opened 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 local 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 reasons, 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 on the post-glacial environment of 
deposition in the area. Such data would serv; 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, erg. pollen and molluscs. 

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 programe 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 
‘south 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 on 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 distribution 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 or POINT PELEE, flISTQ§ICAh7TRENDS IN snout: 

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-180013, 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 impact of human interference with these
I processes. 

2.1 
I 

THE ORIGIN OF THE Po:yT 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 reconstruction was based on previously 

published plots of the time history of lake levels: in the western basin of 

Lake Erie (Lewis, 1969) and on radiocarbon dates of material from boreholes 

on Point Pelee (Fig. 2 ). Coakley placed the origin of Point Pelee as a 

sandy foreland enclosing a marsh at approximately 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 beach ridges that had been built 

up on the flanks of the Pelee-Lorain moraine, a cross-lake ridge deposited by 

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



the Point Pelee foreland was probably much larger than at present (Fig. 3 ); 

but since that time it has retreated landward to its present position under
I 

the influence of a gradual but steady rise in lake levels, leaving the 

present shoal area as an indication of its prior position. Another 

interesting idea put forward in this reconstruction 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 sector of 

dominant wave action. 

So, contrary to other hypotheses that invoke building 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 SHORELI-NE TRE_NDS_ AT POINT PELEE. 

Because it is only conceptual reconstruction of post-glacial events 

and is thus open to different interpretations, the above hypothesis can only 

be used to provide a semi-ouantitative 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, then we can conclude 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 is taken as 

1000 m (Fig. 2 ), then the average rate of advance at this location is about 

0.25 m/yr over 4,000 years. Similar estimates are not possible for the east 

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

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

retreat there would be at least of similar magnitude. 

There are obvious shortcomings in the-practical use of such estimates, 

in particular, 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 

intensity and distribution of coastal processes, the following sources will 

now be examined: 

1. Comparison of presentgday maps, aerial photographs, and surveys 

with those dating back as far as possible. 

2. Administrative and scientific reports dealing with shoreline 

processes and developments from the archives of various 
it 

government agencies. 

2.2.1. c-mu‘ a_r.i_son;e_Sf 1;: are re"
~ 

Most of the early hydrographic maps of western Lake Erie show the 

position of presentlyéexisting coastal landmarks in the area, including Point 

Pelee itself, Lighthouse Point on Pelee Island, and Southeast shoal Lighthouse. 

Also shown on the older maps are features that are no longer present, such as 

the Dumy Light, once located Alkm to the south of Point Pelee on a low bank 
called the Dumy Island (Fig. 4. ). A comparison of the position of dynamic 

features such as the tip and shorelines of-Point Pelee with reference 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. 

* . 

V‘
1 

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).

to
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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 the Point from ehese maps is seen to be virtually impossible 

as charting standards and the datums used are different from those of today. 

However, on some maps (e.g. Baird's* 1883 survey, which is not shown 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), is 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 exact position has been best—docue 

mented is the extreme tip of the Point (Table 2.1). In 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 portion, 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 further reduced 

in length, and averages less than 0.5 km from the wooded tip of the Point. 

Apart from its changes in length, the mapped spit also showed a marked 

-variability in orientation, ranging from southwest to southeast. 

2.2.2. ~ Com arison of'1and—based an 

’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. 
*3PW 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.



Historical Positions of Prominent Features..vicinity of Point Table 2.1 . 

Pelee (1864-- 1950). 

‘Point Pelee“ 

* A o 1849 W82 030' 00" 
. U.S. Coastal N 41 54' 25" 
Survey Chart 31 

(Same map as W 32: 30' 00" 
above) N 41 54' 10" 
revised 1898 

U.s. Lake w 82: 3o' 30" 
Survey N 41 54' 25" 
1900 A 

Kind1e's Map N 32: 30' 30" 
1933 ' N 41 54' 25" 

Can. Hydrogr. - W 82: 30' 35" 
Map, 1950 N 41 54' 35"_ 

"Dumz Light 

Not yet built 

w 82° 29' 50" 
N 41° 52' 20" 

82° 30' 25"W 
41 521 15:: 

w 32° 30' 25" 
N 41° 52' 20" 

No longer shown 

w 32: 
N 41 

w 82: 
N 41 

Not shown 

37' 
50' 

37' 
50' 

38' 
49' 

38' 
49' 

50" 
00" 

So" 
00" 

251! 
55" 

246! 
Son 

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

12' 

"£ighthouse Pt. Pelee Is,



The most accurate and recent map of Point Pelee is that presented in the 

"Great Lakes Coastal Zone Atlas (1976), derived from high-precision photo- 

grametric surveys carried out in 1973. Although the DPW survey was of 

a much lower precision(the traverse was not closed and apparently only 

compass and tape were used),it was tied in to some presently existing or 

documented landmarks, such as wharves and roads, thus making itwa 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 l to 10). Although these data represent the most reliable and 

far—reaching for the area (Coakley and Cho (1972) used data extending 

only to 1931), they still are only time4averaged statistics and should be 

treated with a degree of cautiong;given'the recognized unsteady nature of 

the shoreline changes. ‘However, the following observations may be made: 

1. The west side of the Point, with the exception of the south- 

ernmost 5 kihmetres 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/yr). 

2. On the east side, extremely high recession rates (av; 2.8 m/yr) 

occur in the northernmost portion of the Point as far south 

as the Park boundary (location B — 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 6F CHANGE IN POINT PELEE 

sHoREL1NE POSITIONS (metres/yr)* 

Location** 1918-1973 1955-1973 1964-1973*** 

E - 25 
I 

I 

+0.2 negligible no meas. taken 
E - 26 ‘ -0.2 

’ 

P " 

E - 27 +0.2 ‘ +0.5 " 

E - 28 
' 

+0.4 +0.5 
7

" 

E — 29 +0.4 +0.1 +1.5 
E - 30 +0.2 +0.1 3 +1.5 
E - 1 - 26 +0.2 neg. +1.5 
E - 31 -0.5 +0.2 +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 - 353 +0.5 +1.4 
_ 

+5.4 
E -'36 neg. 

A 

+l.l +4.9 
E - 37 . +0.5 ‘ 

+0.4 -0.1 
E - 38 . +1.1 +0.3 -1.2 
E - 39 . neg. -0.3 -1.2 
E - 40 -1.6 -0.5 -4.0 
E -.51 -1.8 . -9.1 -4.0 
E - 52 ’ -2.5 -0.4 ‘ ' -4.0 

' 

1.5 km N. of E - 52 -4.4 ' 

neg.A -9.5 
E —_53 -3.6 

_ -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;l965 - 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.
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in places. South of this area, rates of change are much 

lower and a slight accession (av. 0.5 m/yr) has character-
' 

‘ ized the east tip area since 1918. 
....~.... 

..-.... 

.-4.. 

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 Administr§tive_§nd scientific.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 

give valuable indications of the nature of the events and of the years in 

which their effect was most pronounced. 

The first reliable records of serious shoreline recession at 

Point Pelee are those of Kingmill,,Taverner1, haird ; Conoverz, Stevens’, 

Craig’, and Kindle, all published between 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 the 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 National Park, and a 
.life long resident of the area. 

D.P.W. District Engineers.
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. 2. P. A. Taverner stated in l9l5‘ that: 
. 

_.

. 

_.........—.—.....—u-u 

"Men still in the prime of life 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.
1 

3. In 1917, Baird noted a reduction of 1716 feet (523m) in the length of 

theispit, 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. engineers 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 statement 

could be made on the effect of erosion on the Point as a whole. 

6. Kindle (1918) attributed the shore recession to natural causes, such as 

higher lake levels caused by steady isostatic rebound of the outlet at 

Buffalo from the weight of glacial ice, and the natural tendency of the 

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#l950fs prevents 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,



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 area of the Point. 

2.3 BACKGROUND 

CHANGES AT 

INTO SELECTED CAUSAL FACTORS IN ACCELERATED SHORELINE 

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. 

2. Man—Induced: a. 

A thorough 

bable causal factors 

A significant increase in the rate of rise of Lake 
Erie levels during recent times compared to that of 
earlier (post-glacial) times. 

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. 

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), ‘ 

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 ' 

Alteration in an 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. 

and exhaustive appraisal of the role of all these pro- 

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

17



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 shoreline recession at Point Pelee, namely, high lake levels 

and the removal through dredging of sand and gravel from the.shoreline 

and nearshore deposits; 

2.3.1 .his£2S$2§l_laE£_ls!sl§_end_sh2Le1i2e_changss_a$_£2int_Rsls:- 

Lake Erie average monthly levels (Port Colborne) have fluctuated 

between 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 years of record, yearly average lake 

levels were above 173.9 m for 61 years (53%) 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 consecutive years of high and low levels 

was as follows! 

1890 
‘ 

considerably above median 1860 - 

1891. - 1902 
‘ _ 

slightly‘ below median 

1903 - 1909 slightly above median 

1910 - 1942 
»‘ intermediate 

1943_- 1961 
A 

"considerably above median 

1962 - 1967 considerably below median 

1968 - 1974 considerably above medianl 

18e



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. fiurthermore, 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 accession was evident 

(between 1947 and 1970 (years of about equally high lake levels), recession 

was the rule on the east side for the entire 1931 - 1974 period, regardless 

of levels. Also, Table 2.2 further suggests that the net rate of shore- 

line changes (not the type of change) is the most sensitive feature with 

regard to changes in lake level. In other 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 lake levels. What remains untested is the type and rate of 

shoreline change related to a gel; 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 

, 

positive relationship between average_1ake levels and average erosion 

rates along the Lake Michigan shoreline (using post-1940 aerial photo- 

graphs). However, the shores he studied.were not representative of landforms 

such as Point Pelee. The Civil Engineering Department of the University 

of Waterloo (1976) made similar conclusions 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

19
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cannot be applied directly to the situation at Point Pelee.’ 

In sumary, although much further work (especially on rates of 

change during low—level stages) is required before the role of lake levels 

and lake level changes are defined rigourously, the following comments 

appear valid at this time: 

1. The period 1900 e 1923, when drastic changes 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 rises in lake level or high level. 

periods. 
0

0 

3. Rates of change for the west side are generally insensitive to lake stage 

and indeed indicate widespread shoreline accession during rises inilakef 

levels and high lake stages. 

4. The relationship between lake stage and shoreline changes at Point Pelee 

‘is not consistently'positive as hasrbéen £ound.with-other-types of shore-
. 

line on Lake Michigan”and Ontario. 

Carrying the above observations further, there appears 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 

previouslyp no rising trend is evident in lake level records of the past 100 

years. If the chronic.recession occurring on the east side is viewed simply 

as a deficit in beach material 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 levels, provided that this material reaches Point Pelee. ‘It appears more 

likely therefore, that factors other than those directly related 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 comercial sand and gravel ' 

operations. 

2.3.2 
A 

Harbour maintenance dredging 

$mal1 craft harbours located at Wheatley, Leamington, and 

Sturgeon Creek all have protective jetties which can trap littoral drift. 

As.a consequence, the channels between these jetties and 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 good 

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 is approximately 14,000 cubic yards (10,700 cubic 

metres per year (between 1932 and l974);and at Wheatley, an average of 

approximately 8,000 cubic yards. (6,000 cubic metres) per year (1950 ~ 1974). 

Of 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 Creek, Hsometimé 1ager_
a 

2.3.3 Commercial sand dredging operations in the vicinity of 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 

to 1974 are indicated on Fig. 7_ . How much sand has been taken and from 

where it has been taken during the earlier years of operation is not
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precisely known. However, if early reports of as many as nine dredges 

operating simu1taneously* are to be accepted, the quantities must have 
vbeen considerable. Based on extrapolations of more recently recorded 

dredged volumes between 1965 and l972**, the total quantity of material 

dredged from licenses on the shoal area south of Point Pelee was 

esthuated 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 government 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 prompted;these measures. Some time 

later, the dredging limit was extended to two miles (3.2 km) from the 
shoreline of the Point. _The issue came to a head in 1974 with the 
provisional cancellation of all licenses in the imediate area by the 
§overnment of Ontario pending the outcome of public hearings on the 
subject.

* 
Kingmill (1914) 

** — Personal communication, Lands Administration Branch, Ontario Ministry of Natural Resources.
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The literature on the effect of offshore dredging on shoreline 

changes is very sparse and deals mostly with marine coasts. In Great 

Britain, Motyka and Willis (1974) used wave refraction patterns to demon- 

strate that the effect of dredged holes in modifying wave.characteristics 

(in an adverse way 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. He 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 currents 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 had already been suspended at that time. fowever, the 

insights obtained on physical processes and sediments on the shoal 

within the licence areas should contribute to a better understanding of 

what these relationships might be. 

2.4 SUMVIARY 

A recently published reconstruction of the mode of formation and 

evolution of Point Pelee places its origin 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 wave energy-related factors. In 

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 except 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 coincidence of this apparently modified shoreline 

trend with the establishment of large-scale huan 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.
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L3. SEDIMENTS AND SURFACE ASPECT 0? THE PELEE SHOAL 

3.1 mrxonucjrtgn 

During the summer of l974, detailed.field.studies were carried out 

into the three-dimensional character of the sediment deposits comprising the 

Pelee Shoal and surrounding areas (Fig.8 ). This section presents the ree 

sults of this investigation organized into three main topicszl 

(1) ‘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. 

An 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 literature on sediment research in the Point Pelee area of 

western Lake Erie is very sparse. Kindle (l933) presents the first“‘“ 

attempt at using sediment parameters and limited lake current data to 

define sedimentary processes at Point Pelee. Lewis (1966) mapped the 

bottom sediments of Lake Erie including much of the nearshore sandy 

facies, however, his map made no attempt to resolve 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 attempt 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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textural parameters to detect trends in sediment dispersal along the 

sides of the Point and on the shoal. Kamphuis (1972) carried out liter 

total 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 19,009 m3/yr toward the south. 

Finally, St. Jacques and Rukavina (1976) have prepared a further interd 

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 on the follow~ 
ing data sources: 

(1) 
' 179 Shipek grab. samp1e,.s’co1le_cted'at the ;Lnte.r'se.ct:Lons of rec- 

tangular grids (spacing 2 and 1 km) superimposed over.the study area and ad- 
jacent areas (Fig; 8 )7 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 Rnkavina; “L975.” ). These samples were subjected to conventional 
particle size analysis (Rukavina and Duncan, 1970; Rukavina and Lahaie, 1976). 
Moment statistical parameters and textural classifications were also derived 
by computer (Rukavina and Dolling, 1973). 

C2) The textural character of the littorally drifted materials was 
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 t0'7 ms 

(3) The description of the subsurface materials were based on: 

(1) Six cores collected in 1974 using an Alpine vibrocorer. 

(Coakley et. al, 1975) at locations shown on Fig. 3_ 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 

of the cores. 

(ii) Jetting probes carried 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-V 

cording the total depth of less-resistant sediments (usually 

sand or silt) penetrated.
‘ 

(m) Published reports by Terasmae (1969) and Lewis 
' 

(1969). 

(iv) ‘Limited unpublished seismic and echosounder data showing 

subbottom features. 

(h) The morphology and bedforms of the shoal were studied using echo- 

sounder records and diver observations taken during the period 1971 - 1974 

(Fig.8 ). The morphologic data extracted from the echograms were classi- 

fied into arbitrary height and slope classes and compiled to produce a geo- 

morphic map at a scale of l:20,000 (Fig.l4 ). Resolution was limited by 

wave motion on the lake surface to features greater 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‘ SURFTCIAL SEDIMENTS 

The surface distribution of sediment‘types (based on Folk's (1965) 

classification), on the Pelee Shoal and surrounding 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 < l0% 

* N, A. Rukavina, Scientist in charge, kindly made these unpublished 
data available to this study.
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clay+si1t). These well-sorted, clean sands occur as narrow beach and near- 

shore prisms (generally < l km in width) along the shores of the 

which converge at the tip and continue southward for approximately 20 km. 

This continuous deposit measures only a kilometer in width in the vicinity 

of the tip of Point Pelee, but expands to a width of over 20 km at its 

southern extremity. Within the area shown on Figure 9, it comprises 

approximately 130 kmz. ‘Assuming~an‘axis-passing through the Point andi 
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 sand and are well sorted. A plot of 

contoured values for mean (phi)* diameters is presented on Figurel0. 

The clean sands grade into muddy sands to the east, north, and south and 
more sharply into gravels and glacial sediments to the west._ gram the 
section plotted on Figure 10, there is"a definite fining trend toward the 
east. 

' I 

The muddy sands form a concentric band to the east and south of 
clean sands, with a similar eastward bulge extending beyond the area of 
coverage. iThey 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 body.

' 

3.2.2 Gravelly deposits 

Gravelly deposits comprising mostly sandy gravel (> 30% coarser 
than 2 mm or -14>) are restricted to‘ the area directly south of the Point: 
Pelee spit and occur as discontinuous bodies aligned roughly along a 

* Phi dunits are a transform of grain size expressed in millimeters, 1-€- ¢ Value = - (Logz diameter in m) or, the larger the Phi value, the smaller the particle diameter. W
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north south line from the spit (Fig,9 ). Total deposit area is estimated 

at 10 kmz. Gravelly materials also occur in the area between Point Pelee and 
Pelee Island. ‘All or these deposits are associated with areas of glacial 
sediment and fall entirely within the area west of the Pelee-Southeast 

Shoal Light axis. They occur in water depths ranging from 4 to 11 meters. 

3.2.3 Glacial till. 

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

Bedrock outcrops are confined to the westernIportion:of the mapped area in 
the vicinity of Grub Reefi and off the eastern coast of Pelee Island. The 
bedrock comprises bevonian carbonate rocks- (Sanford, 1969). 
3.2.5 Littoral drift 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 presented below:g 

I I 

Sample.locat»ion' 
A 

.‘ ‘No ”of"samp'les ‘ ‘Median g. St. Deviation 
Wheatley 8 

9 

« p2{G4'¢; ' 1.39 
Sturgeon Creek 7 ‘ 2,94-¢. 1.05 
Pelee Shoal (depth < 6.5111) 9 l~.l3 ¢-.' 

. 

A 

'1.24 

The material sampled at both harbours is unmistakably littoral rather than 
fluvial as sand is completely absent from the material entering the lake from
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streams at theseilocations.* 

3.3 SUBSURFACE SEDIMENTS OF ThE PELEE SHOALI 

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, thickness, and estimated volume of the 

sandy deposits exposed on the shoal?
6 

(3) What is the source of these sediments? 

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

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 detailed investigation to date into 

the stratigraphy of these deposits. 

3.3.1 Borehole logs 

The oldest recognizable sediment penetrated by the boreholes is a 

clay till of Pleistocene age probably correlative with the Port Bruce sta- 

dial (Lewis, 1966). This sediment is overlain by deposits of Holocene 

(of Recent) age. The positive relief of the till surface as seen 

on seismic records south of the study area prompted Hobson g£_§l (l969) 
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 subsurface feature 

trends about N 150° from Point Pelee to Lorain, Ohio. None of the bore—» 

holes reached-the underlying carbonate bedrock. 

Cores from the six boreholes yielded a stratigraphic sequence for 

the post-glacial sedimentation over the shoal. These, when supplemented 

by borehole logs from Terasmae (1969) are useful in tracing trends in the 

depositional history of the shoal deposits.. 
A The elevation and type of sediments found in the cores are shown on 

Figure 11. Three radiocarbon dates on organic materials foud in the 
cores are also shown. The stratigraphic relationship between these logs 

and those of Terasmae (1969) is interpreted as shown in Figure 12 . In- 

order of decreasing age; the units may be described thus: 

(1) Till_'The till dips southward from a maximum elevation of 170.5 m 
at borehole 1T to less than 156 m above sea level at borehole 6Z. 

The latter location might represent a trough or local depression 

in the till surface, since the till outcrops on the lake bottom 
further south at an elevation of around 164 m. Consolidation 

.tests on the upper several centimeters of till indicate a high 

degree of over-consolidation, taken to signify a post;depoSitiona1 
period of subaerial exposure and dessication. 

(2) pClay—silt unit -Within the depression in the till elevation as 
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. Within this 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 

....- . 
' 

" ' 8
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to deposition in a transitionary environment, such as a periodi- 

'ca1ly flooded lagoon or creek mouth. 

Laminated sand — This unit, present in all cores but that of 

‘B. H. lZ is characterized by horizontal and cross—1aminated 

zones with heavy minerals and pebbles usually making up the 

dark laminacions. The unit ranges up to 4 m in thickness.. 
The sand is for the most part medium in texture and shows 

moderate sorting. This unit was probably deposited in an open 

lakfi environment (as a beach or nearshore deposit.) 

Massive pebbly sand 3 This is the top uit and corresponds to 
the surficial sediments presently exposed on the shoal. Thické 

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 

sorting value shows no definite trend. In spite of this feature 

(that could be due to sampling inadequacies) the general characs 

ter of the unit is most compatible with a depositional history 
in which in_§i£g_reworking of existing deposits is dominant. 

over deposition of materials transported from sources else- 
where. The coarsening upward trend, in particular, suggests 

an energetic depositional environment whose current and wave 
regime has intensified with time, in spite of increasing water 
depths. Such a situation would also suggest decreasing sedi- 
mentation rates. 

The only radiocarbon date at the base of the laminated sand layer 
(interpreted as near the beginning of Point Pelee - related deposition)
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was 3600 i 140 years before present at a depth of 4.6 m in core 62 (Fig» 11)- 

This would provide a crude sedimentation rate at that 1°°3ti°“ °§ 

13 gm/century, if uniform deposition over that period is assumed. In 

view of the preservation of laminations in the laminated Sand layero 

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,might 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/century 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 to_inferences 
based on qualitative assessment of resistance characteristics of the sedi- 
ments penetrated. Such information nonetheless provides fairly 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). fenetration 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 c111. 

3.4 BEDFORMS AND BOITOM FEATURES OE.THE PELEE SHQAL 
A detailed examination of the bedforms and bottom features found on
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. the Pelee Shoal contributes to they 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 result was-the preparation of a detailed geomorphic map, giving 

a graphic representation of the spatial relationships and physical char- 

acteristics of these features (Fig. 14 ).
\ 

3.4.1 General bathygetry 

Figure l3 presents the bathymetry of the area (referenced to chart 

datum - 173.3 m above sea level)*. A less detailed (2 km grid) bathymetry. 

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 consistently greater on the west side 

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. - 

1-01 
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3.4.2 Bedforms and bottom features 

From the bathymetric map (Fig.l3 ) and the geomorphic map (Fig.l4), 
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 

bounded by the peripheral slope, the surface of the shoal lies at a 

depth of 5 F 7 m while 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 its broadest, with a ‘width of 3.5km, in the central portion 
of its approximately 10 km length. It is narrowest at the north end _; 

near the present-day spit.
. 

Over the extent of the shoal area there are a nuber of prominent 
geomorphic features 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 parallel ridges 

4. minor slopes on the shoal platform 

5. isolated ridges 

6. assumed dredged areas 

7. trenches
‘ 

(1) Submerged SPit #idge‘7 This feature extends southward for 
approximately 1.5 km from the end of the exposed spit. VIt 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 
profile lA - 13 (Fig. 15 ) the ridge crest is present at a depth of



3pm. The slope on the east side of the ridge is slightly steeper than 

that on the west. The relief from the ridge crest to the base of 
the slope is Ssm 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 position, size, and orientation of this 
feature have been observed (Kindle, 1933) to vary greatly with time. 

(2) Featureless_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 featureless topography 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 the southeastern portion of the shoal platform 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 3'-=5 km. 'TheTseries of ridges is aligned 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 nuber of ridges ranges from 6 — 10 in a band from 0.6 - 1.4 km 
wide. Typical ridge wave lengths (crest-to—crest distance between ad- 
jacent ridges)§are in order of 0.2 km. The 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 heights of the largest ridges 
ranges up to 2'm, with 1 m being typical. Water depths over these features

36
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range from 6 - 7 m over the crests to 7.5 - 8 m over the troughs. 

Individual ridge slopes are less than 3° and normally 1°. The two lar~ 

gest ridges are slightly asymmetrical with steep sides towards the east, 

but in general there is no predominant asymmetry to the ridge forms. 

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

slope 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). The slope on the north- 

east faces east and-is situated in water depths of 7.0 m (crest) and 9.5 m 

(base). The depths at which both these features occur vary only slightly 

along their length. 
I

_ 

((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°. 

(6). 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 trench in the northwest portion of the 

shoal. The topography of this area is very irregular with relatively 

narrow (50 - 100 m wide) depressions 3 - 5 m deep (Fig. 14 ). Other 

smaller areas of similar morphology, also assued 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
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length and runs from northwest to southeast (Fig. 14, 15 ) where it merges 

into the dredging area. At the narrowest point it is 200 m wide and 8 m 

deep below the adjacent flat lake bottom, with steep side slopes of up to 

20°. The lateral margins of the trench are normally marked by levee-like 

ridges up to 2 m in height along the length of the trench. ‘The trench 

bottom is uneven and humocky and resembles closely the morphology of the 

assued dredging areas. Other smaller scattered trenches are also located 

near areas of assumed dredging. 
‘ T 

V 

(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 varied little-in . . 

form from one observation to the next. The most common description was 

that they were incoherent_and variable in orientation, giving the bottom 

a hummocky appearance. When the orientation was discernible the dominant 

direction was N —.S or NW - SE. Intercrest distance ranged from 10 to 20 

cm, and trough - crest heights ranged from 2 - 7 cm. 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 standard 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; 

C°3k1?Ya 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. 
f 

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:

A 

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

exhibit features of non-deposition, or even bottom erosion. 

The latter areas coincide with exposures of bedrock and glacial 

till located mainly offshore on both sides of Point Pelee and
V 

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 general, it appears that sedimentation rates elsewhere on 
the shoal are very.low (less than 5 cm/century) based on the 

interpretation of radiocarbon dates on cores from the shoal. 

Coakley (1972) based a similar conclusion on diver observations 
made in the aeep trench on the shoal.= 

'2. Sedi,n_xent_'sou_rc,_e.s — In view of the relative coarseness of the 
Point Pelee beach deposits and that of the gravelly materials 
on the shoal, compared to present—day littoral material (sampled at 
Wheatley and Sturgeon.Creek), the coarser fractions of the beach 
and shoal deposits must have been derived locally from the erosion 
and differentiation of adjacent till areas, or are deposits that owe 
their origin to processes no longer operative in the area. There- . i 

_ fore the shoal deposits are interpreted as being either residual
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or relict deposits, which are now being reworked or uncovered by 

erosive forces on the lake bottom. The mediu-to—fine sands 

occurring in the eastern portion of the shoal could be derived from 

either the finer fractions winnowed out of the gravelly deposits or 

from southwardly directed littoral drift, or both. In view of the 

eastern fining trend-of.these:deposits and their spatial relation- 

ship to the gravelly deposits and the axis of the shoal, the net 

direction of transport of bottom materials on the shoal is inter- 

preted to be toward the east. This agrees with conclusions drawn 

by St. Jacques and Rukavina (l§76),
V 

3; Energy - sedimentation relationships - The upward-increasing trend 

in the median grain size of the topmost layer of the cores taken‘ 

on the shoal indicates that either the energy of the depositional 

environment has been increasing with time to its present level or 
tthat sedimentation rates have decreased (thus allowing more re- 

_ 
working and textural differentiation to occur) with time, or a 

combination of both. 

3.5.2. ‘Geometry and volume of Point Pelee sand and gravel deposits. 

On the basis of boreholes, jet probes, and limited sub—bottom data, 

the geometry of the subsurface postglacial deposits may be inferred. 

The substrate on which these sediments lie'is glacial till (apparently 

of late Wisconsin age), which was recognizable as a reflecting layer on sub- 

bottom records and echograms, as the layer of refusal in the jetting pro- 

gram, and as the basal unit.in some.of the borehole cores. Representative 

cross-sections compiled from_these sources and'ffom:Terasmae (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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and which are apparently restricted to.depressions in the till surface, 

it is c1ear.that.the sands reach their maximum thinkness (around 10 m) 

under the southern part of Point Pelee (Fig. 12 ). They thin to 4 - 6 m 

along the axis of the shoal. Across the shoal, the deposits vary from 

‘l m (B. H. lZ) 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 prisms aroud Point 
A Pelee.

4 

2. The surface area and average thickness of the sand deposits may 

be estimated as follows: 

.Area Average thickness“ 

Point Pelee foreland 5.4 lcmz 9 m 

Fringing nearshore deposits 4 km2 (approx.) 2 m 

Point Pelee shoal sandy
_ 

deposits 
_ 

140 km2 4 m 

3, Based on these figures, the total volue may then be calculated 
as approximately 630 million cubic meters (823 million cubic 

yards) for the clean sands and grayels. 

. - 

This calculated figure may be enlarged by up to 252 depending
4 

on whether there are local depressions or infilled channels in the 

pre-sand depositional surface. There are indications to this 

effect in the location of the deep (10 m below lake bottom) trench 

on the shoal and from sub-bottom records. Also the inclusion 

into the calculation of sand within the muddy facies could add



at least l00 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 

V 

metres. 

3,5,3 nlnterpretation of shoal relief and bedforms 

The bathymetry and morphology of the Pelee shoal when combined with 

other lines of evidence, may be used to make clearer the postglacial 

evolution of the structure, in addition to supplementing information on 

sediment distribution and transport patterns 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. Relict features which could provide 

useful insights into the evolution of the shoal platform and the Point 

Pelee foreland, may be altered to such a degree by subsequent depositional 

environments that interpretation is difficult. However, within these 

constraints and subiect 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 

(below datum: 1?3.3 m a.s.1.) respectively (allowing for modifications 

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

*Based onga surface area of 200 km, an avg. thickness of l m, and a sand content of 50%.
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of coarse gravelly deposits with this feature on the southwest side 

and by the terraced profile.in the northeast. 

2. The interpretation of the significance of the system of parallel 

ridges is more problematical. On the one hand, they could be active bed- 

forms, reflecting the present hydraulic regime, and therefore capable of 

being used for assessment of the sediment transport rates and direction 

on the shoal. On the other hand, they could represent relict structures 

such as longshore bars or storm beach ridges that were preserved from an 

earlier stage in the evolution of the Pelee landform (Coakley, 1976). If 

the latter is the case, it is difficult to explain how they have survived 

so long in such a high energy environment. 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 asymetry of some of these features (steep side 

facing east) suggests a net dispersal of sand toward the east, in agreement 

with the evidence of the sand lobe in the sediment distribution (Fig. 9 ). 

In the northern (apparently terraced) portion of the shoal, the indications 

of progressive narrowing of the shoal area from the east side (Fig.14 ) 

support the published conclusions of Kindle (1933), and Coakley (1976) that 

’in the long term, the Point as a whole is migrating toward the west, most 

likely due to the imbalance of eastward and westward 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 directional 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.
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4._ The bottom features mapped do not indicate large-scale movement 

of bottom material in a north or south direction in spite of the fact 

that Coakley (1972) found short-term evidence for such movement using 

fluorescent tracers. One must then conclude that such movement is 

either infrequent or of minor long-term consequence or occurs mostly 

during periods of the year other than the survey period. 

5. Dredged areas, as interpreted using Figure 14, correspond 

closely to the location of gravelly deposits on the shoal (Fig. 9), 

except in the area occupied by the trench 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 what was dredged remains unanswered. Assuming that send 

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.
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4. .LAKE Paocrssas IN rug POINT,PELEE AREA 

4.1 INTRODUCTION 

Before any insights into the present sediment transport patterns 

at Point Pelee can be consolidated 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 the-evidence 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
_ 

I 

_sediment patterns noted, and although the measurements described were 
restricted in duration (no winter or spring data cou1d.be collected), 
.they should add substantially to our understanding of the interaction 
between lake process and sediment response of the Point Pelee deposits. 
4.2. BAcKGRofiND ON THE WIND REGlME OE 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 regime. 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 London 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 

a severe northwest to east storms corresponding to seasonal shifts in the 
frequency and position of cyclone tracks (Klein, 1957) across the Great

I
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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 approximate1y_8 hrs., it has been omitted since there would be little 
contribution to wave generation (from Skafel 1975). 

Sgeed C1.as_s_ __ N_E 
‘ 

I 

§_ _' _s_§ . _S_ 

' 

_Sfi W NW 
Knots Mid Pt. m/s " 

V
A 

5-10 .( 4.1) 1.415 2.152 1.742 2.744 2.533 2.392 2.325 
11-15 ( 5.7) 1.334 3.341 2.151 3.973 4.531 4.508 ' 3.753 
15-20 ( 9.3) 1.017 2.55 1.354 2.345 44178 3-422 

' 

2.537 
21-25 .(11.3) 0.244 1.202 0.352 0.739 1.355 1.53 

_ 1;153 
25-30 (14.4) 0.573 0.103 0.22 0.5 0 521 o.325 
31-35 (17.0) - O.l78 g 

' — ‘ 0.181 '0.438 0.110 

' Table 4.2. ‘Effective fetch lengths and mean water depths for wave 
generation at Point_Pe1ee, for the seven wind directions in Table 1 (from Skafel, 1975) 

Effective Fetch Length, ' Mean Water Depth 
Direction . .» 

. Kilometres 
_ 

. metres 

NE 
V 

. 

4 

74 
' 15

' 

E ~133 
' 

. 22 
sz 72 

' 

19 - 

s 
i 

' 47 12 
SW " 

50 - 10 
1 ‘w 

. 

V 

47‘ 

NW .7 ' -’ 14
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Lakes region (Fig. 16 ) during these months. Hare and Thomas j< 

(1974, p. 80-86) present an excellent outline of the sequence of climatic 

events related to the seasons of the year. The preferred path of cyclonic 

systems entering the area is determined largely by the position of the Polar 

front and the zone of "upper westerlies", both of which migrate north of the" 

Great Lakes in sumer and to the south in winter.A Along the margins of 
these broad high pressure systems, cyclones originating either on the Pacific 

coast or the midewest United States move into the Great Lakes area from the 

west and southwest (Fig, 16 ) causing winds that can be severe, ‘In the 

spring when these cyclone systems generally pass almost directly over Lake 

Erie, intense winds from all quadrants may be generated. In addition, 

cyclones originating along the Atlantic coast and moving northward often 

affect the area with winds from 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 ). The 

‘other stormy period, comprising the fall months, is characterized by a 

‘Polar front position to the north of the Lakes. Cyclones traversing the 

area are mostly of Pacific origin and pass to the north of 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 Atlantic regions and tracking northward to 
Vthe east of Lake Erie exert a strong influence, 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. 

estimated (Phillips and,McCulloch,-1972) as follows: 

gggggl ‘ Avg. number of storms 

January 
I 

A

8 

April 
'

7 

July 4 

October - 6 

"or 1 disturbance every 5 days approximately. 

4.3 WAVE PR¢CESSES AI POIN$ 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 water 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 London. 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 94% for the east station and 83% for the station off the 

west side. 
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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 Skafelg 1975). 

wind speed Direction Fetch Water Depth R.M.S. Wave Peak 
ms“ ~ km m- Height, m Wave Period 

fl p 
seconds 

4,1 
‘ NE 74 16 0.3 2.40‘ 

E 138 22 ~ .3 2.61 
SE 72 19 .3 

' 2.44 
S 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 .7 3.50 
SE 72 19 - .6 3.22 
S 47 12 .5 2.87 
SW . 50 10 .5 2.82 
W - 47 9 .5 2.72 
NW 14 8 .3 2.36 

9.3 . 
. NE 74 

‘ 
15 . o.s 3.59 

E 138 22 _' 1.0 4.12 
SE 72 19 0.8 3.76 
S 47 12 .7 ‘ 3.33 
SW 50 10 .7 3.25 
W 47 V 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 1.7 12 . 

_. 

0.9 3.70 
SW 50 10 .9 3.60 
W 47 '9 ' .8 3.47 
NW 14 8 W .5 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 climate for May - December, 1974 
A 

The data are summarized in Figure 18. The scatter.diagrams at J; 

the top of the fiigure show the distributions of significant wave height 

versus period off the west and east shores of Point Pelee. ‘For both 

stations the most commonly occurring waves are characterized by signifi- 

cant wave heights of less than 0.3 m (1 ft.) and wave periods between 2 

and 3 seconds. The distribution at the east station is more heavily 
weighted towards larger wave heights and longer periods. No observations 

of waves greater than 2.4 m (8 it.) were made at the west station;' 

whereas at the east station observations of waves up to the 3.0 to 3.4 m 
(10 to 11 ft.)c1ass were made. Excluding waves less than 0.3.m (1 ft.) 

no periods greater than 6 seconds were observed at the west station, 

while-atnthe east station periods up to the 8 to 9 second class were 
observed. 

The percentage exceedance 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 probabie 
maximum wave height in a 20 minute period, based on the work of Longuetv 
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 
(= 12% 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

- 

:&?.“?..‘I:-'1 

occur on the west side, but accounted for about 1.3% of the records on 
the east side. 

- 

--r'~.--.'.”.'¥».. 

r».

..
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The wave data do not provide information about wave direction, but 

the following observations can be made. From Figure 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 waves out 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 the west or southwest, and at the east 

station were due to winds from the east or southeast. 

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 assued 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 fact that the prevailing 

winds for the areaeare.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 wave action on the sand‘ 

shores causes significant erosion oriaccretion 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 

Sh°r€1in6- The procedure used is sumarized as follows (for details 
of both procedure and results, refer to Skafel (1975). A ten-year wind 
climate for Lake Erie (Table 4.1 ) was used to hindcast the wave climate
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1n deep water for both sides of Point Pelee. A computer programs was 

then used to calculate the refraction and shoaling of the wave rays 

toward the shore until a breaking criterion was met. The longshore 

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-term erosion 

and accretion effects were identified firom the distribution, magnitude, 

and interactions of the transport rate due to waves, and are described 

below. 

On 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 §5_§l, 1073). The 

gross amount of material moved as longshore drift was calculated to be 

about 180,000 m3/yr. The net amount is about 26,000 m3/yr. towards the 

south. This represents material lost to the east shoreline due to 

northeast waves. The distribution of the transport rates along the 

shoreline indicates that erosion is roughly constant along the entire 

east shore. If the net transport rate of;26,000 ma/yr. indeed repre- 

sents the total amount of material lost to the east shore due to the 

mechanism of wave-induced longshore 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- 

dward 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 near the tip, 

where increased transport rates 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 m3/yr. The net amount is 4400 ma/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 The effect of the shoal on waves reaching Point 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 effects 
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 considering the effects of the' 

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 to calculate the wave rays across 
the shoal, and to list the wave height at intervals, as well as to list 

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 shoal 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 Sh0al- 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 severely 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 

easily 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 on the 

shore near Wheatley are refracted onto 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 programe was altered.such.that 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. lhe wave rays for southeast 

and south winds were recalculated with this new bathymetry data. The
W 

most obvious 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 energyfat 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 the wave heights are in some cases about 
25% greater than with the original bathymetry. At the tip of Point Pelee 
the wave height is about 10% 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 overall effect of removing shoal material down to the 10 m 

contour is to increase the wave heights at the tip of Point Pelee_by- 

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

An increase of up to 252 in wave height would occur along the east shore,‘ 

which implies that the wave energy level would increase by about 50%. 

Thus a gross reduction in the shoal elevation would definitely increase 

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 significant effect.
{ 

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

erosion of dredged holes offshore altering the wave refraction patterns 

(Motyka and Willis, 1974). This effect could not be investigated at’ 

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

for future research. However, with the exception of the long, deep trench 

in the northwest portion of the shoal some 3 km, offshore, such depressions 

on the shoal are small in area and much shallower than those used 
' 

-4 

in the British study. Their effect could be assued, therefore, to be 

minor and adequately covered in the above treatment of the effects of 

overall deepening. 

4.3.4 Interaction of Waves 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 Strasses exceed the critical shear stress to move the 

. particles, the sediment will be set into oscillatory motion, with a net 

drift in the direction of the waves due to the mass transport velocity. 

The sediment distribution patterns and geomorphology of the shoal
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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 compared 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: 14.4 m/sec and 17.0 m/sec. 

Wave rays are calculated, by computer, across the shoal and the maximum 

horizontal orbital velocity and orbital length found at various locations. 

Using the values of theseparameters 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 winds (Table 

4.1 ). Figures 19A to 19D show the distribution of the weighted‘ 

indices for four examples. The mean index for each wind speed and di- 

rection is found. Assuming that, to a first approximation, each mean ‘ 

index acts in_the direction of its wind, the 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 ridges (dunes) 

on the shoal indicate that the net transport is towards the east. This is



contrary to the findings for wave induced motion, and so must be the 

result of another process. Such a process could be lake currents 

towards the east resulting from 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.
I 

4.4 BOIIOM CURRENTS IN THE ?0INT,PELEE AREA 

In order to assess further the pathways of sediment transport‘ 

(bed.1oad) in the study area, bottom currents were measured over the 

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 shoal, approximately 4 km 

sanrheast of the tip (Fig. 17 ). Selfrpowered 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 

consisted of a Marsh-McBirney current sensor oriented to magnetic north 
and located 1 m above the bottom, and a sealed wateretight package con- 
taining a timer, a Rustrac recorder, and a battery pack (Fig. 20 -). 

The analog records were subsequently digitized at 15 min. intervals.- 

Data recovery was fair and averaged 57% of the total time period 
as shown below: 

§i£§_ Installed ' Removed 
‘ 

No.odays 8:3: (days) Recovery 2 

East July 17 Nov. 1 
A 

lOS ' 49 
4 

47% 
West July 17 Nov. 1 105 84 80% 

Shoal 
A 

Aug. 7 
9 

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 nearshore 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. Bennett‘, and Mr. F. Chichio . 

In addition to the continuous current measurements, a total-of 9 

days (between June 12 and July 3) of drogue tracking experiments 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 

supplied by W. S. Harasz will be examined 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 view: 

1. Average current regime at all sites 

2. Seasonal variations in the current regime 

3. Characteristics of the energy spectra and relations 

ships between the data from all the sites. 

The continuity of the data and their concurrency with other process 

time—series collected, present a considerable potential 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 

of 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 contemr 

poraneous drogue tracking experiments in the 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 

1Applied Research Division, CCIW 
zshore Properties Section, Ocean and Aquatic Sciences Branch
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TABLE.4.4 SEASONAL CURRENT METER SUMMARIES, POINT EELEE 

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 

_ 

V 

1.3 4.3 
1 

1.2 41.8 

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 

_4.8 

360 1.3 
1 

3.7 1.7 
' 

2.0 
Mean scalar speed - 8.7 cm/sec 
Mean velocity - 7.8 cm/sec at N 138° 

pEAST 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 
1 

_ 
3.3 

180 12.1 12.5 2.8 
A 

5.5 
225 19.5 12.4 

' 

2.7 4.9 
270 8.0 6.6 .1.s 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 SIIE (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 _ 

6 30.5 
225 

’ 

1.0 20.8 1.3 
_ 

13.3 
270» 0.3 17.5 

4 

1.5 
' 

12.5
_ 

315 0.5 20.1 2.0 19.6 
360 - 1.0 26.0 4.0 422.0 

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



TABLE 4.5 SEASONAL CURRENT METER SUMMARIES, POINT PELEE 

(EALL,.1974) 

wnsr SITE (sepc. 17-Oct. 8) 

Mean scalar speed - 18.1 cm/s Mean velocity — 4.0 cm/s at N 288°
4 

Direction toward Percent Max. current 
H 

Mean Mean Current 
Gmag. 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 .l.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 
3154' 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 ' 

V 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 45.6 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 34.5 

' 

4.9 18.9
' 

270 10.1 33.1 ' 5.7 
4 

17.8 
315 17.5 34.0 

1 

. 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 snMME3_An0VFALL.41974)‘ 

:H$T SITE (July 17-Oct. 8) ._____.___ 

ptrection toward Percent Max. current 
A 

Mean ' Mean current~ (mag. north) observed speed cm/sec 'duration (hrs.) speed cm/sec 

45 309 
‘ 

1:5 

90 
‘ 

2.6 
' 

h 

9.9 . . 1.5 . 

» 2.5 
135 . 32.4 

‘ 

23.0 6.4 8.1 
130 

0 

5.2 10.2 A. 1.5 3.6 

225 - 1.3 5.6 
” 

1.4 ' 2.9 
270 4.6 

’ 

10.0 
' 

1.6 
' 

3.6 
315 

‘ 

47.7 
A 

25.6 3.3 - 

' 3.1 
360 4.0 

‘ 

6.5 .* 
0 

1.7 5 2.7 
Mean scalar speed - 7.1 cm/s 
Mean velocity - 1.2 cm/s at N 307° 

SHOAL SITE (Sept. 4-Oct. Z9) 

45 - 13.9 41.3 4.5 
' -‘ 17.7 

90 13.3 
_ 

_ 

57.7 5.5 20.5 
.135 17.9 63.8 5.5‘ 20.7 
130 V_ 14.9 53.3 

‘ A 

4.9 24.3 
225 10.7 67.1 4.5 - 21.0 
270 7.1 45.6 5.2 13.1 
315 

A 

9.3 34.0 4.2 15-5 
360 11.9 7 32.7 - 3.3 . 16.8 

Mean scalar speed 4 l9.6'cm/S 
Mean ve1ocity-- 4.4 cm/s -AN 131°



data were lacking for_the period mid-August to mid-October, making 

a general sumary of that site meaningless. ‘At the west site, the_ 

bottom currents over the entire period (July - October) showed an
V 

average speed of 7 cm/sec and a preferred direction (> 10% 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 bottom 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 surface, corres- 

ponds with a surface current of approximately 150 cm/sec (friction- ' 

factor of 30). Kindle also noted the often reversing nature of these 

currents (eastward then westward, or vice-versa) had fairly regular 

periods of "4 - 8 hours", and were usually associated with wind set 

up conditions during and immediately following the periods of stron-' 

gest winds. It is noteworthy that the seiche currents in Lake Erie 

reverse every 7 hours. Other readings taken 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 cm/sec.

64
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2i _Seasonal variations; As noted in section 4t24 significant 

seasonal variation can be expected in the wind regime.which is ultimately 

responsible for current generation. This seasonal effect is also sug- 

gested in the current data separated into summer and fall periods. The f 

clearest separation is noted at the west site, where the currents switch 

prevalent direction from mainly southeast in sumer 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 prevalent direction is toward the north in 

cases. The shoal site shows quite distinct seasonal variation in 

currents. In the sumer, currents are strongly oriented toward the 

eastisoutheast 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 vector toward the 

west-northwest. _Mean speed is around 18 cm/sec with a maximum of 

59 cm/sec, indicating a regime that is surprisingly somewhat lower than 

the sumer period. 
The drogue measurements taken in June - July confirmed the results 

of the west current meter data (Fig. 21. ), and showed a strong south- 

easterly component (67%) approximately parallel to the western shore. 

70% of the drogue tracks measured on the eastern side during this period 

were toward the north as indicated by the current meter data. 

3. Interpretation of spectral characteristics and interrelation- 
ships between sites. Representative 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 records at approximately
l 

4, 5, 6, 7, 9 and 14 hours. The 14 and 9 hour peaks 

were especially prominent at the-shoal and west sites. 
ion the shoal a slight peak at 50 hr. was noted. 

b. For the west and shoal sites (the only sites having long 

record lengths), the spectra showed that whereas at the 

shoal site 18% of.the total energy was in the periods less 

than 20 hrs., energy in this band comprised almost 242- 

of the west site spectrum. 

These spectral characteristics serve to indicgce 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 by Kindle (1933) in the Pelee shoal area. 
Calculations by B. G. Krishnappan* of the velocities attainable by re- 
turn seiche flows through the Pelee Passage from the western basin after 
a set up of approximately 1 meter, showed values of around 32 cm/sec at 
1 metre above the bottom. Such flows would be initially directed toward 
the south east over the shoal and are probably an important factor, 
in the dispersal eastward of sediment put 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 oscillations. 

*Hydraulics Research Division, Pers. communication.



The relative energy totals contained.in the bands of periods 

greater than 20 hrs. and less than 20 hrs. are significant in that this 

shows that oscillations of periods greater than 20 hrs. are more im- 

portant on the shoal than on the west side. This is reasonable as wave 
and seiche related processes (1658 than 20 hP- PePi°dS) can be €XPe¢ted 3° be 

more important in the nearshore west site than on the shoal where more 

intense storms of lower frenuency would be a major factor. However, 

the seiche related peak is especially prominent in the spectra of the 

east—west components of the shoal site, further supporting the regularly 

reversing east-west nature of currents there. 

In sumary,_preliminary interpretation of the spectral characteris- 

tics of the bottom current data collected at Point Pelee, indicates that: 

a.‘ West-to-east currents associated with the longitudinal 

seiche oscillation of the lake after wind set up and 

barometric pressure differentials are the dominant sedi- ' 

ment transport mechanisms on the shoal. 

b. ‘At the nearshore sites on both sides of the Point, wave 

induced longshore currents become more important, especially 

on the east side. The west side is affected by both types 

of current mechanisms to a degree compatible with consider- 

able sediment transport. 
. 0 

4.4.2. Bottom currents and bottom deposits 

The prime objective of the study monitoring bottom currents was 

to assess their capacity to transport the sand-sized sediment found 

in the Point Pelee area and the directions favoured by such transport. 

The scope of this report and time constraints did not permit any esti- 

mation of quantities transported. However, the maximum current speeds 
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 (calculated by B. G. Krishnappan*). 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 having maximum speeds above the minimum threshold level 

for sediment transport (calculated to be 11.5 cm/sec). Direct 

comparison between the values of the indices it difficult be- 
. 

och 

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 the 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? In section 4.3.2 the 

longshore sediment transport calculations showed a net southward trans- 

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 

usually occur in the period November to March) during the period covered 

by the current monitoring. This would also account 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).

* Hydraulics Research Division, Canada Centre for Inland Waters
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TABLE 4,7 VSEDIMENT TRANSBORT 

"CURRENT METER SITES, POINT PELEE 

Location Weighted * Net 
§Season)} S.T.I. Direction) 

West (sumer) 105.3 (S45E) 

(fall) 142.9 (N45W) 

(combined) 
! 

§Q;§_(N45W 

East (summer) 
, 

0.4 (N0°) 

(fall) 
_ 

59.3 (N12°w) 

Shoal (summer) 609.5 (S58°E) 

(£;11) ~ 99.2 (s1s°w) 

(combined) ’ gZZ;£_(S62°E) 

for which S.T.I. was calculated. 

Max. 
S.T.I. (Direction) 

105.3 (s4sE) 

142.9 (N45w)
H 

97.7 (uasw) 

0.4 (No°) 

64.5 (NO°) 

367.9 (S45°E) 

110.7 (so°) 

166.3 (s45°) 

* . 

Weighted according to the 2 frequency of currents toward the direction
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On the shoal, the results of the current analysis show clearly 

the predominance 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 transport indices 

calculated in each case show that the sediment transport associated 

with the predominantly southeast currents monitored by the current 

meters would outweigh by a large amount, those due to the oscillatory, 

shearing action of the waves. Also the relatively high sumer 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 in section 3.4.2.’ Krishnappan* 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 indicate that such features could well be dunes formed trans- 
.

\ 

verse to the major flow direction in response to unidirectional current 

velocities of 16.5 cm/sec or greater. However, in view of the orienta- 

tion of these ridges subparallel to the measured net flow direction, 

and the relatively short (5.5 hr.) mean periods» of..stead:»'.,t1r.::idirect;iona.l 

flow (Tables 4-4 t°14-5 ) 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 featuresi

* 
B. G. Krishnappan, personal communication.‘



71 

In summary, the intensity of the currents recorded is sufficient 

to transport sediment in varying quantities over the study area. These 
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 quiescent conditions during the sumer season, 
and the early fall. The shoal intensities were consistently far higher 

than those of the nearshore sites and were higher in sumer than in 
the fall. However, the lack of data for the ice-free portions of the 

late fall, winter, and spring months makes the drawing of further 

conclusions risky. Also, sufficient data on other dynamic processes such 
as vortices and eddies (Bukata gt 3;, 1973) gre‘1a¢k1ng_ 

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 other 
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. In addition to altering significantly the depth of 
water in nearshore areas, thus increasing incident wave energy, these. 

changes can affect the 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 descrihed in Section 2.3.1. 
This section deals with those fluctuations in lake level that occur 
more frequently and have a greater potential for amplifying the effect 

.....-... 

~....—--....—.
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or those other processes described previously. 

4.5.1 Seasonal fluctuations 

In Lake Erie, as in all the Great Lakes, there exists a seasonal 

pattern of lake levels, represented by levels rising-in spring to a 

peak in early summer, then 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 levels 

during the relatively calm sumer 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 spring 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- ‘L’ 

gated by Coakley and others (1973): They found that in response to a 

severe northeaster in November 1972, the level of the lake on the ease 

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



considerable beach material to the back shore and marsh behind, and 

a landward 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 m3 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 mOV€ment 18 

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 

4 

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 summer 

1974 as high as 50 cm above those on the 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 

-5933 inVeSti83t€d, 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, and for causing changes 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). In this section their observations on 

ice conditions at the Point will be sumarized. 

Ice formation began in early January 1974, as thin sheets on the 

west side and as a series of ice 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 progressively 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...
I 

Dickie 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 contended 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.l.AINTRODUCTI0N 

Having examined shoreline trends, (both long—term and short-term), 

bottom sediments, and major physical processes, 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 in 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 this gap will be 

filled. Nevertheless, the firm outlines of the 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 relationships and comment on sediment budgets and the 

effect of dredging on the sedimentation system. 

5.2 INTER_RELATIONSHI1é_ BETWEEN LAKEPROCESSES 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 larger role on 

the west side and on the shoal than on the east side. 

'3. Inuermiutencdynamic phenomena such as vortices and eddies,- 

have been recorded off Point Pelee (Bukata g£_§l, 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 discussion, 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. Sumer (calm, peak lake levels, west winds) - June to September. 
4. Fall (falling lake levels, storms) - October, November, 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 the 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.and eventual_breaching df.the 

‘low spit after a winter storm destroyed the "ice wall" on the east side 

of the tip. On the shoal, wave and current levels for this period 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 Spring months 
. 

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
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(20 knots) comprise 26% of the total in March (Figure 16 ). 

b.. Lake levels are rising steadily due to the spring 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 sheet, so this modified profile must be adjusted to the spring 

wave climate.. Also, northeast and east storms generate 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 intense activity would be to erode and separate out 

the coarser fractions (sand, gravel) from the till and transport them 

shoreward by wave drift 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 gt al, 1973) although the Egg rate is estimated at 25,000 m3/yr 

(Skafel, 1975). In addition, considerable beach-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 period 

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 expected to be 

transferred directly to the west side of the spit by washover at the 

low-lying spit itself. The transverse depression immediately south of 

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 calculations 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 calculations, 

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 drift 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—re1ated currents 

would considerably outweigh those due to oscillating wave-induced drift. 

Therefore all that can be said at this time is that the waves generated 

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 that tend to occur south of 
Point Pelee during the spring months*. They rotate clockwise 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 comunioation
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Also, ice cover tends to remain in place there after it has disappeared 

from the east side. It is expected therefore, that the effect of waves 

generated by southwest winds would be of minor significance and that 

sediment transport would be small. However, some of the east side 

drift material transported southward during east storms and deposited". 

near the tip could be transported 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 sumary, the spring months are characterized by a relatively 
high incidence of storms from the gas; 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 Belee. Sediments supplied to the breaker zone by erosion and by 

onshore 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 the 

west side. A significant amount of beach material is washed into the 
backdbeach and marsh areas and is effectively lost from the coastal 

drift system. Sediments put into suspension on the shoal are pro- 

bably transported eastward due to seiche currents generated by storm 

surges. 

5.2.3 Summer months 

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

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



for August illustrate that these months are the least energetic of all, 

with calm periods exceeding 12% and winds over 10 m/sec only 0.21% of 

the 10-year average. The strongest and most frequent winds blow from 

the northwest and west.‘ The 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 show that both the west site and the shoal site have rela- 

tively high levels of current speeds during this seemingly quiescent 

period. 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—west oriented 

wave climate,-which is relatively insignificant. Furthermore, the 

current meter on the west side is located in 4 m of water, outside the 

zone of maximum longshore wave-generated currents (max. depth of breaking 

waves — 1.8 m). Therefore, 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 the most important 

role 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 season is the only one apart from the winter season in which 

thermal stratification takes place, it is conceivable that flows due 

to the longitudinal seiche would be confined mainly to the bottom layer 

over the shoal, with a resulting increase in speed compared to unstrati- 

fied periods of the 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 current patterns agree with the sediment de- 

positional patterns observed at these_locations? Eirst:of_all,»on~the 

shoal the_relatively strong, 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 sumer months, it is difficult to visualize 

peak sediment transport coinciding with these months, as wave action 

on the shoal is minor compared to the spring months, and resuspension 

of bottom sediments would 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 reverse flow 

to that recorded at the current meter site. However, the profile data 

is open to alternative interpretations and so, any resolution of this 

apparent inconsistency must await the published interpretation of the 

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

_ 

erosion in the extreme southern profiles, 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 comunication.
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the current meter records is not yet available. 

In summary, during the sumer months, the locations expected to 

show the most sediment transport are the shoal (toward the southeast) 

and along the west side of Point Pelee (either northward or southward. 

depending on the direction of wave approach. Due to the absence of 

east or northeast storms, the overall level of sediment resuspension 

and transport on the shoal during the summer months is believed to be 

much less than 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 accretion 

are expected to occur along the shoreline. 

5.2.4 Fall months 

In Lake Erie, the Fall months are characterised by the following 

conditions (November 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 southwest 

(11% over 10 m/sec). This month also has the highest per- 

centage of strong southeast and south winds (1.4 and 3.6% 

respectively above 10 m/sec.) (Eigure l6" ). 

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

c. The lake is not vertically stratified but the shallow 

western basin is cooler than the central basin, 

Data on bottom currents were restricted in this study to the. 
’ 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 northwest at slightly reduced 

average speeds (compared to the sumer values). The west site current 

records for the fall season included the latter part of September, so 

they might not be as typical of Fal1.conditions as those of the other 

two sites. lhe shoal bottom currents show a variability in direction‘ 

(northward as well as southward directed currents) and a reduction in 

average speeds. This reduction in energy level is not clearly shown 

in the transport indices (Table 447 ). Net transport was toward 

the south and relatively low. The bottom current speeds at the east 

site are higher than the summer values, and are more consistently 

toward the north.
I 

While looking for an explanation for this trend toward north- 

, 

ward transport, it must be realized that seiche currents would not be 

as flmportant during these months, due to the infrequent occurrence 

of east storm conditions, and the ustratified nature of the lake. 
It therefore appears most likely that the predominant south oriented 

(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.
I 

In any event, the Fall period appears to favour net northward 

transport of bottom sediments at the two nearshore locations and con- 

siderable northward transport on the shoal. In view of the lack of 

_any data on late Fall conditions (a period of high storm incidence) 

nothing more conclusive may be said on the subject of general sedi- 

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

In section 3.5.1, the principal sources of sediment for Point 

Pelee and shoal deposits were listed as: 

l. hnconsolidated glacial material comprising the shoreline 

to the northeast and northwest of Point Pelee; 

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

3. Relict deposits on the shoal.
I 

Quantitative assessment of these sources into a valid sediment budget 

is difficult because of the lack of sufficient data on sediment trans- 

port rates. However, the broad picture of sediment sources 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 shorelines east~of.Wheatley supply about 40,000 m3 and 19,900 m3 

sized material to the littoral zone. This figure contrasts with 

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 will be made here.to 

explain this discrepancy, evidence (such as the.maintenance dredging 

figures for Wheatley harbour) indicates that the latter figures, 

around 25,000 m3/yr, are more realistic.
I 

On the west side, Skafel estimated a slight net drift northward 

‘ from the tip of the Point up to a location near Leamington, where sand 
eroded from the bluffs to the west is also deposited. ‘The net littoral 

. 

i *
' . For further reference, see St. Jacques and Rukavina (1976)
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drift for the west side is estimated at appronimately 4,000 m3/yr. 

This material apparently originates in the southern portions of the_ 

western shore-line , near the tip. 

5.3.2 Bottom erosion of tills 

The erosion by storm waves and currents of tills exposed on the 

lake bottom can also be regarded as a significant but undetermined 
source of sand and gravel for the Point Pelee deposits. The magni-’ 

tude of this contribution is difficult to assess accurately, but if 

one assues an average rate of erosion of 0.l cm/yr (which appears to 
be on the conservative side) over a total area of 150 km2 (100 km2 on 

the east and 50 km2 on the west) of tills averaging 20% sand and 
gravel, then one arrives at a rough total contribution of approximately 

30,000 m3/yr (or more realistically , somewhere between 15,000 and 
45,000Am3/yr). Such material would largely be transported by wave 

drift onshore or added to the longshore drift system thus partially 

makingjup for the losses due to overwash of the beach berm or lakeward 
transport by rip currents.

0 

Since till is also exposed over large areas of the Pelee Passage, 

it is conceivable that a degree of bottom erosion is occurring there. 

as well. Much of this material is probably contributed to the west 
side of the Pelee shoal deposit. 

5.3.3 Relict deposits 
. 

Relict deposits on the sheal apparently contribute to the growth of 

the lobe of fine sand deposits trending east from the main shoal body, 
through the winnowing out and transport of finer fractions by waves and 

currents. Eacept for the possibility (discussed in section 5.3.4) of 

some northward transport of such shoal materials toward the Point in 

the fall months, there is little physical indication of such transfers.
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'5.3.4 Suarz 
Figure 26 sumarizes in a schematic way the main concepts of 

sediment transport in the Point Pelee area. The littoral drift supply 

to the.east side apparently 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 

"making up for the 4000 m3 transported northward on the west side 
annually. The rest is probably deposited in the 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, along with 

the nearshore system of longshore bars, and could explain why the spit 

section of the Point is so variable in size and orientation. According 

to the wave climate and other seasonal process factors, this stored 

sediment would be expected (depending on wave conditions) to be returned 

up the east side or be transferred to the west side drift system. The 

portion of the shoal south of this storage area (in the vicinity=of%the 
dredging licences) does not appear to serve as a significant source of 

sediment for littoral drift along Point Pelee. 

5.4 PRO$ABLE EFFECTS OF COMERCIAL DREDGING SOUTH OF PQTNTVPELEE 
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 operations on coastal processes, a clear 

distinction must be made between operations prior to 1918 and those 

after that time. These two periods will now be examined in the light 

of the process regime outlined in Chapter 4 and the sediment sources



and pathways described in section 5.3. 

5.4.1 
A 

Dredging 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 (apparent within a few years) was a drastic. 

reduction of the length of the subaerial spit (of between 500 and 800 m). 

and the severe erosion of sections of the east shore, according to 

various reports cited in section 2.2.3. Changes occurring in the subae 

queous areas 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 recorded evi- 

dence of this.
I 

Such operations udoubtedly had a profound effect on the wave 

climate near the tip of the Point and on the then-existing pathways 

-of littoral sand transport. In the case of the formeg 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 movement of sand reaching the 

tip. 

In short, such operations would definitely 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 operations 

were restricted to beyond 1.5 km of the shore and later, to 3.2 km 7
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(Fig. 5 ). This relocation moved the sphere of operations to the 

vcentral 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 already done, and 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 could conceivably 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 depth of water over the shoal to 10 m, some accelerated 

erosion, confined mostly to the tip, could be expected. However, such 

an excavation would entail the removal of around 60,000,000 m3 of 

material, or about 200 years dredging at 1973 rates. For this reason, 

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- 

ces 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 northern boundary of the licence areas 
is close to the area postulated as~a storage area for-east side‘dtift 
(Fig. 25 ). The shoal current data (the meter was located within the 
northern portion of the licence area) indicated 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
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sometimes overlap to some degree, with the possibility of all or part 

of the stored sediment being removed by dredging.‘ 

Another factor is that the relative scarcity of suitable aggregate 

materials in the western portions of the licence area (Fig. 9 ) would 

tend to encourage concentration of dredging efforts on the shoal, thus 

increasing the possibility of unintentional incursions into the storage 

area. Since the actual temperary storage volumes at a given time are 

probably small (less than 20,000 ma/yr or a fraction of one year's 

dredging value) such a possibility assumes_considerable bmportance. 

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 precisely at 

this time due to lack of direct data on rates of northward 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 sumary, it appears probable 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 operations to influence the incidence of erosion 

along the east side of Point Pelee remains a real one.
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Figure 16. Principal tarac-ks of 1ow—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 .10-year 
average calculated by Richards and Phillips (1970).
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Figure 19C, Distribution of sediment transport indices for refracted ‘ waves transversing the Pelee Shoal. _ Waves from the southeast (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). ’



Figure 2_O. Example of- self recording current meter packages 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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