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. BURLINGTCN BAR AND) BEACH

Iynn Deanne Frazer

-

ABSTRACT
This study dezsls with 2 four mile long

bayhead bar and enclosed bezch system which extends

from Burlington on the north

to Hamilton on the south.

v}
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from two consecutively

history, this Bar wz2s forred

growing spits on either shore, an? it continued to greow

until it reached the dimensions it has tod=y. Bath

nature and man héve influsnced bar orowth subsitantizlly,
Thie bar ic influenced by vnrccesses -- the

dominant process being winds which generate wzves and

The vercentace of significant

minior,

crell

[ PRANR I

the generated waves have

generally lerd to tre graduval build un of the h2r. Storm
conditions vwere rare during the -summer znd only Slightiy

greater during the 211 months. These generat=:d

systems vnromote changes in bar morvholosy which showed

no wnarticulsr sencuence of zchanece, and chanres in sediment
sige dictribution, which shawed 23 generz] scutherly

fvarines the thres month etudy
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CHAPTER 1

INTRODUCTION

The Burlington Bar (Fig. 1.1), a four mile
iong. 7,500* - 24,000*' wide, relatively flat bayhead
bar is located at the western end of Lake Onterio.

It extends from Hamilton on the south to Burlington on
the northe. Alcng the entire length of the eastern or
Lake Onterio side of this Bar is a sand and pebble

beach which varies in width from 13 feet to 13C feet.v
Burlington Bar, and the associzted lakeside beach is
also loczted in a closed tideless Great‘Lakes environ-
mentary system. As such, the Bar is affected by waves
which are generated by winds blowing over a limited
fetch, and by an enclosed body generated swell compcnent.
Thus, the Burlington Bar is 2n area which offers itself
to the study and understanding, at least in part, of

the complicated process - response interactions which
exist in a beach system. Although it is impossible te
totally separate the various elements of a beach system
with respect.to_the process - response model, an attempt
will be made to determine how znd to what extent the
operative factors (processes) influence the resnonse
factors.

The ezarliest noper which de=ls with the
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description of this Bar, with svecial reference to its
formation, was written by Van Wagner (1884), but this

paper is very brief and contains little detail. ILater
literature (Karrow, 1963) does not deal svecifically
with the Burlington Bar, but briefly mentions the
similarity in formation and appearance of this Bar with
the glacial Lake Iroquois Bar a few miles to the west.
To date, most of the iiterature on Lake Ontario sediments
deals with hearshore (Rukavina, 1969) and surficial
(Thomas, Kemp, Lewis, 1972) sediments, and the Burlington
Bar and beach sediments have not been considered. Due
to the scarcity of information dealing with the genesis
Sf the Burlington Bar, data collected from drill cores
which were recently taken on this Bar by Ontario Hydro
and for the Department of Transportztion and Communi-
cations wes used. Thus, in chapter two, the geological
and gecmorphological histery of the 2rea in which the
Bar was later situated, and the evoluticnary history of
the Burlington Bar itself will be presented. Man
greatly influences nature; and, present plan view
changes of the Bsr -- mainly created by man, and only
slightly created by physical processes, will be exesmined
with the a2id of aerial photographs taken through the
1940 - 1972 period.

The there of this thesis is carried throueh into

chanter 3, which considere the mzin beach processes --

winds 2nd waves., Wind d=ta for the Burlineston Rar wae



collected during the period May to December 1972. After
specific analysis, hindcasting was attempted and
~ compared with the periodically measured wave data for
this area. Again, no constant hour to hour wave measure-
ments have been tazken in the vicinity of Burlington Bar.
waever, measured wave data from NMarch 11 to November 6,
19?2 taken from an Environment Canada waverider buoy
installed on the co-ordinates 43°31' North, 79°19' West
will be a2nalyzed. From this a2nalysis an attempt to
apply the results and established generation conditions
to the Burlington Bar will be made. Also, in order to
test the influence of winds on the gener2tion of long-
éhore drift, a short term drift study’was-underféken at
various time intervals between September 16 and Ociobher
10, 1972, at two specified locations on either side of
the canal.

The process factors always act such that
various elements of the Bar system must resvond. In
chapter 4, the resvonse of the beach foreshore and near-
shore zones to these processes is studied by means of
profiles taken during the period July to December 1972,
Sedimentary character is also influenced to a great
extént by these prccess factors. Therefore, chapter 5
dezls with variations in grain sizes across and along
the Bar during svecified time intervals.

Up until how, the various aspects of the

nrocess -~ resononse model have been studied in a two



dimensional system. In order to determine the conéist-
ency of these process and resvonses, a three dimensional
study which will be discussed in chapter 6 was under-
taken. This three dimensional study was made possible
from drill cores taken by the Canada Centre for Inland
Waters during the period August to December 1972,

Thus, the first objective of this thesis will
be to study past process and response relationships
which led to the initial formation of the Burlington Bar.

Secondly, present process - response relationships will

be considered in this little studied beach system.

\n



CHAPTER 2

HISTORY OF BURLINGTON BAR

2.1 Pre-glacial Geology

Paleozoic sedimentary rocks, lying unconform-
ably on one billion year old igneous and metamorphic
pre-Cambrian rocks, are the bedrocks in which the Lakel
Ontario basin is cut. These marine Paleozoic sediment-
ary rocks, consisting of various thicknesses of
limestone, dolomite, shales and sandstones, were
devosited in a former.ﬁarqinal sea on the south side of
the ﬁre—Caﬁbrian shield apvroximately 520 - 185 million
years ago (Hurst, 1962). Due to the egreat thickness of
these deposits, a long period of submergence was
indicated, when sand, marl and clay accumulated on the
sea floor. Geological evidence has suggested that
during this period of submergence, the sea floor was
depressed as fast as these deposits accumulated, and
.relatively shallow water conditions existed throughout
most of the Paleozoic period. Near the end of this
veriod, the sea floor ceased to be depressed, and the
devosits which were beirg cemented due to the opressure
of the overlyines sediments, were uvonlifted above the
sea. These unlifted sediments, which were originally
herizont=1l, were slichtly folded due to the intensgity
of the Annalachian Orogeny, which le=ad to the formirs

£
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of basin and arch structures. Structural measurements
in this western end of the Lake Ontario basin have
shown a dominant regional dip to the southwest. Also,
during the process of uvlift of these Paleozoic rocks
and over a period of 250,000,000 years (Chapman and
Putman, 1951), erosion, which was controlled by the
varying degrees of resistance of the existing sediment-
ary structures, molded the bedrock contour surface
(Fig. 2.1 and Fig. 2.2).

Ordovicien rocks, which are significant in the
Burlington Bar area (Fig 2.3), consist of z basal
formation of limestone and dolomite which was overlain
By three shale formations. These shzles, specifically
the uppermost Queenston shale, were later vzartially
removed by glaciation. Only in a few vplaces has
Ordovician bedrock been reached beneath the Burlington
Bar. From drill core datz obtained from the Department
of Trznsportation and Comrmunications and the Hydro
Electric Power Commission of Ontario, Queenston shale
(bedrock) Wcslreached between 127 and 109.5 feet above
sea level, These levels are approximately 135 and 120
feet below the Bar's surface. Bedrock has only begn'
encountered from bore hoie methods for 10 feet in three
locations. 1I%t, however, has not been located elsewhere,
and this is probably due to the bedrock contour noted in
Fig. 2.1. The located bedrock surface slones north

from it's first location 2t 100,5 feet above sea level
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to 127 feet above sea level respectively. From the
drill cores, the bedrock was described as sound, medium
hard,‘horizontally laminated reddish - brown shale
containing grey bands znd soft layers several inches
thick at various elevations. The uvper twec feet cf the
shale appeared to be weathered.

Recent drillings have revezled in the centre of
the L.ake Ontario basin, the presence of a buried gorge
which once contained a2 river of 2n extremely steep
gradient eastward. Accordiﬁg to Coleman, the suggest-
ing of an o0ld river valley following its deeper southern
side from the shape of the Lake Ontario basin is not
feasible. He feels that under present conditions of
land and sea, no river could have carved out such a
deep and wide valley, since the broad barrier of
Laurentian granite and gneiss at the Thousand Islands
cuts the basin off from the St. lawrence beyond. Thus,
instead of his acceptance of this vroposed river valley,
Coleman sees the Ontario basin as a rock rimmed basin
whese depth is accounted for by the great chanzes in
relative levels in the enclosed formation. This steep
walled gbrge was noted aporoximately 200 feet below
sea level at the Burlington Bar (Fig. 2.2) compared to
near sea level in the west. Bedrock profiles shew that
this gorege is itself contzined in 2 larger vzlley which
prebubly owes its existence to glacizl or erosional

modific=tions.



2.2 Glacial History

One or more ice sheets covered the area of
the present Burlington Bar, and with special reference
to the Pleistocene Stage, four main glacial veriods
were known to exist (Chart 2.1). Evidence of vorior
ice advances was usually destroyed by the following
glacial advance which reworked, removed, or buried and
concealed previous deposits. Theée buried deposits can
only be discovéred_through drill cores, znd from drill
cores taken on the Burlington Bar, much evidence
suggestive of ovre-Wisconsin glacial environments existed.
This evidence, which was located between 108 feet and
204 feet below sea level, where most of the particular
drill cores in examinstion ended, c2n he divided into
two clearly defined ponulations. Between 177 feet =2nd
204 feet below sea level, a till comnlex consisting of
a dense grey clayey silt, or silty clay sand, subsngular
énd rounded erzvel and toulders (up to 1 foot in
diameter) wzs loca2ted. Directly above this layer, and
extending up to 107 feet below seza level is 2 lacustrine
‘deposit which contains 2 definite layer of silty sand
between 163 and 167 feet below sea level. The total
lacustrine devosit exhibited a layered clayey silt, or
silty clay rattern which contained some sand, 2and in the
unner vart of this deposit, these varva—iike lavers
veried in colour from red to sray., It must be rermerher-

ed that part onf this 1ast lacustrine devnsit consisted

A%



INTERGLACIAL GLACIAL,

Recent ¥+
Wisconsin *+
Sangamonian +%(?)
Illinoian +
Yarmouthian
Kansan
Aftonian . -

Nebraskan

% (?) found in area of Burlington Bar

+ found in Canada

Chart 2.1 Subdivisiors of the Pleistocene Lkvoch
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also of undifferentiated early and mid Wisconsin
lacustrine material.

Due to much devositional destruction by follow-
ing glacial veriods, and due to the fact that more
information is present concerning the last glacial
phase, the Wisconsin glacial period will only be studied.

The earliest advance in this glacial period
moved into the Lake Ontario basin, blocking the St.
Lawrence outlet. With this blockaege, 2 l2ke named Lake
Scarborough of approximately the same height as later
Lake Iroquois was formed, and drained to the south
throuegh the‘Nohawk River Valley. Later, during the same
 period -- approximately 67,000 years B.P. (Dreimenis,
1969) as determined by radioczrbon methods, the icé
lobe retreated freeing the St. Lawrence outlet, =and
simultaneously lowering the existing lske level.

Glacial downwarping in the eastern Lzke Ontesrio basin
also led to the dropping of the lake level in the
basin.below the present Lake Ontario level. The
lacustrine material devosited in the western end of
what is now known as the Lzke Ontario b-~sin during this
veriod, as indicated before, can not be separated from
pre-Wisconsin_lacustriﬁe deposits. Thus, these devosits
probably exict at elevations lower than 107 feet below
sea level in the area of the Burlinston Bar.

Tn the rid-Wisconsin glécial veriod, anrother

ice lote advanced 2nd oscillated in the rezion now
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known as Toronto. Thus, in the period between 34,000
and 49,000 years B. P. (Dreimasnis, 1969), the lake
level in this basin area was again forced to rise.
Glaciél evidence noted in the western end of the present
Lake Ontario basin has suggested that this lake level
reached 100 feet higher than the following Lake
Iroquois height. %The csuse of the extreme héight of
this glacial lake, which existed during both Port
Talbot interstadials, was probably due to the isostatic
uplift of the Mohawk Valley outlet durineg the second
Port Talbot interstadial. Agzin, it is difficult to
differentiate these lacustrine deposits in the drill
cores from the pre—Wisconsiﬁ lécustrine deposits.
Finally, during the late Wisconsin glacial
period (20,000 vears B. P.), the Ontzrio lobe re-
advanced heyond the south-western end of the present
Lake Ont=rio b=sin, and covered all of Southern Cntario.
From drill core analysis, the tills, 1océted\between
107 and 93 feet below sea level on the Burlington 3Bar,
and associated with this orobable advance of the
Wisconsin ice sheet, are described as being corvosed
of sand, gravel, boulders, and a2 dense grey to brown
clayey silt. Since this material represents tﬁe
advance of the Wisconsin ice sheet, it can be dated =as
one million vears old. The ice sheet remained in the.
Southern Ontario region until about 14,000 yesrs B, P,

(Hewitt and Karrow, 1963), when it bhegsn to rétreat,
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ELEVATION

- 93-75 feet below
sea level

75-45 feet below
sea level

L5-32 feet below
sea level

32-25 feet below
sea level

DESCRIPTION

This is a glacio-lacustrine
deposit, reoresenting a
slight recessional period of
the Wisconsin glacier. It
is characterized by a

‘predominance of silty clay,

and a minor amount of sand.

Red and grey silty clays
with some minor sand, gravel
and boulders are the
predominantly defined
textural pzrameters of this
till complex. Glaciz=l
advancement is sugcestive of
this compnlex.

The sediment of this glacio-
lacustrine devosit is clavey
silt with some sznd. As
compared to the »nrior
glacio-lacustrine devosit
included in this main
devositional block, this
cediment is not 2s fine
grained. ’

This very thin glzcisl till
band is characterized by
dense grey silt with some
clay, and fine to coarse
grained sand and gravel.
There is a2 paucity of
boulders which were present
at lower levels.

Chart 2.2 Denosition=2] Subdivisions of the lete

Wisconsin period.
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ELEVATION

25-10 feet below
sea level

10-2 feet below
sea level

DESCRIPTION <

This is a glacio-lacustrine
deposit which contains
mainly silty clay and minor
amounts of sand. This
deposit can be correlated
with similar described
deposits located at 93-75
feet below sea level, and
can be described as finer
grained than those at 45-32
feet below sea level. -

This is a very thin hed of
till materiesl, which is
characterized by silty clay
and fine to coarse grained
sand and gravel. Again, there
is a paucity of boulders

which were vresent at lower
levels. This till comnlex

is similar in thickness %o
that of 22-25 feet belcw

sea level,

NOTE: Due to the decreasing thickness of till
complexes with height in the depositional
column, it can be postulated that the
glacier did not retreat too far to the north.
Thus, it did not have a larce mrea over which
to accurulate and to deposit a2 large till
complex in the area of the present Bar.

2 feet below sea
level - 16 feet
above sea level

This lacustrine deposit
varied in thickness in the
Western end of the Ilske
Ontazrio basin -- from 16°'-
35'. It is comvosed of
mainly a grey silty clay.

- The upver vart of this

stratum consists of varved
clays, 2nd a2t various
elevations, thin layers of
clayey ‘and sandy clayv are
present.

Char

t 2.2 continued.
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During this period of retreat, there were alternating
recessional and advancement periods during which
glacio-lacustrine and till complexes were devosited.
" These deposits, noted in drill cores taken on the
Burlington Bar, represent 109 feet (16 feet above'sea
level to 93 feet below sea level) in the stratigraphic
column.v Noted in chart 2.2 are brief descriptions of
the subdivisions of this depositional cemplex.

| Thus, the Wisconsin veriod can best be described
as consisting of many alternating glacial and inter-
glacizl periods during.which Paleozoic bedrock was
removed in large quantities from the Lake Ontzrio basin.
This modification was accomplished on a macro-scale,
but present existing resistant structures controlled to
some degree the modification and thus the paths of the
advancing glaciers,
2.3 Post Glacial History
- Lake Iroquois Stage

Glaéial Lake Iroquois was formed 12,500 years

B. P. (Bird, 197?) 2s the ice retreated from the south-
western area of Onterio setting the Lake Ontario basin
free, snd draining Lake Warren. This retreat was due to
a temvorary climatic wgrming, which was such that the
ice retreated to the Oak Ridges moraine -- forming an
- ice front from Georgian Bayv to the Thousand Islznds.

Since the Si. Lawrence Valley wes still blocked by ice,
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the overflow from Lake Algonauin, which occupied the
basins of the upver three lekes, was caught by Lake
Iroquois, whose outlet was near Rome, New York.

' The water level in the south-western end at
the beginning of Lake Iroquois was much lower than the
now existing Lake Ontario level, due to the supression
of the north-eastern area of the continent. However,
during the existence of Lake Iroquois, the fluctuzting
ice front lead to the continual variation in the water
level. In order for water level lowering, the besinal
volume being exposed by the retreating ice vnrobably
continually exceeded the amount.of meltwater that
entered this basin. Evidence ;- organic matter:
located in 0ld soils 30 feet below the level of the
Lake Iroquois Bar, or 241 feet above sea level in the
Hunter Street'tunnel, Hamilton, suvvorts the fact that
Lake Ircouois was once lower than the finz2l main water
level of 362 feet above sea level (Coleman, 1936). This
fingl level in the western end of Lake Iroquois was
attributed to the isostatic rebound of 500 feet in.the
Hudson Valiey outlet of the lake. Thﬁs, in the south-
western region of this lake, the shores were being
continually tilted, and were sinking continualiy
teneath the lzke. Evidence also from old shore cliffs,
beaches,; gravel bers, and other lacustrine devosits

wnich have heen found high zhove the pre=ent level of

Lake Ontario, 2nd usually further inlznd, suegest



22

that the highest water level of Lake Irogqunsis was 451
feet above sea level.

Lake Iroguois pnaleogeography again can be
interpreted from the drill cores taken on the Burlington
‘Bar. The evidence representative of the ILake Irocquois
stage of the post glacial veriod is separated from the
glacio-lacustrine and tili complexes of the glacial
period by a2 layer in which sand and gravel are
incorporated into the surface of the underlying glacio-
lacﬁstrine silty clay. This change in varticle size to
a certain extent merks the lowering or shallowing of
~the éxisting water in the varticular area encountered
by the drill cores. Between 16 feet and 30 feet above
sea level, the material shows an inérease in grain size,
with sand, gravel and residual boulders -- and, still
shallowing water. Yhis concentration of gravel and
residual boulders suggests that there has been a change
in the source of materisl supolied to the area of the
~later Burlington Bar. A possible source mzy have been
the waters which were being received by Lake Iroquois
-- those waters %rom Lzke Erie through the Niagara
River, or from the spiliweys from Georgian Bay. Radio-
carbon dating‘of this materisl hzs determined sediment
age as 10,150 + 450 years. Between 30 feet and 115
feet above sea level, a reddish brown sandy silt,
located 2t the tco of the stratum, gr=duzlly changes to

a clayey silt with deoth. Tt is =lsc horizentelly
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stratified, and colour variations are extensive in the
upper section of the strata. The layers of sand, silt,
clayey silt, and very silty clay alternate in bands of
1/8 inch to several inches thick in this section.

Some pockets of dense gravel, zpproximately two feet in
thickness and other material such as sphericzl cavities,
calcareous matter and organic matter also exist. 1In
these cores, thereis no loading evidence other than
that imposed by the sediments.

Lake Ircquois finally terminated with the
retreat of the ice lobe from the St. Lawrence Valley.
With this retreat, the enclosed water could escape past
the ice frant against the northern section of the
Adirondacks, and the level of Lake Iroguois ravidly

lowered.’

Gilbert Gulf Sfage

After the recession of Lake Iroquois, during
the Gilbert Gulf stzge, the shore line in Lake
Iroquois basin was approximately 40 miles east of
‘Hemilton. Observations in the Burlington Bar drill
cores between 200 - 210 feet above sez level, such as
dessication cracks, erosional signs and peat deposits
all indicate this lowering of water elevation before the
existence of Lake Ontaric. It has alsc been sugrested
that tve erpizurs 27 el=y o5d gilt, czusines Apazication
ergeln to fore, =F7Bywe Nasw asssvierled By Yeinw

AT oS e Fama~st s RAacve T Anyray
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Lake Ontario Stzge

With the withdrawal of the ice sheet from the
mouth of the St. Lawrence Valley, Lake Ontario first
began %o form. During this formatlonc- period,
isostatic rebound was a continuing process such that
the eastern end of the basin was uplifted faster than
the western end. Thus, the Lake Ontaric water level
continued to be raised approximately 200 feet, until
it reached the western basinal area 3000 years B. P.
(Karrow, 1963). Asbthis water level continued té rize,
a baymouth bar, oresently named the Burlington Bar, was
formed by easterly storms which had a2 fetch of 120
miles,_and by the induced nortﬁ—westerly moving shore
current. This current carried and devosited sands
and clays -- which had been eroded from The southern
shores of Lake Ontario, such that the mouth of the
lagoon behind the shore vrojection which existed to the
east of Stoney Creek was filled. This material continued
to be devosited along the southern shore of Lake
Ontario, forcing the mouth of the old Crznd River
towards the west snd forming the bz2se of a srowing srvit,
at the south side of the mcuth of the Bay (Van Wasner

1884). Uvpon the slopes of this spit, strong easterly

0]

winds dreve cobbles, which were forced to rem=in since

existing processes could not reach these deposite.

At the same time, 2 sinrilar spit, srrawineg from

materisl eraded from the northern shores of lake
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Ontario, began to form at the north side of the mouth
of the Bay.

These spits began to grow slowly under
predominantly easterly wave conditions in the deeper
water. As the spits reached the surface, material was
rapidly added on to the sides and the extreme points of
these spits, such that the two spits eventu=lly were
connected, forming the Burlington Bar.

Reviewing the Lake Ontario stage stratigr:phic
record obtained from drill cores, the specific formation-
al material of the uppermost section of the bar can be
noted (chart 2.3)

Throughout history, the Burlington Bsr has only
been naturally breached a‘total of two times. Firstly,
it was broken 2t the southern end b& discharge from the
Albion re-entrant. The Redhill Creek forced vassage
through the Ber from lottridge Pond, 2 marshyv srez
created by the flooding back of water into the lowsr
parts of valleys which had been cut by a former low
water veriod. Secondly, the Bar wzs breached by an
outlet on the present north side of the canzl. Present-
ly, both these breached areas have been comnletely

filled in.

2.4 Nodern Charnres in Ber Mornholosy

Aerial nhotnsraphs, the mors

ot

moderr =2nd uvn tn

date methed of me2nnineg, were used to note the ech=ncecs
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ELEVATION

115-220 feet above
sea level

220-2L0 feet above
sea level

DESCRIPTION

This section is comvosed of
compact reddish brown silty
sand. Within this section,
the compact a2and dense grey
sand located in the upper
layers changes through a
depth of approximetely 5 feet
to a stratum of compact red
brown silty fine to medium
sand which in turn becomes
siltier with depth. Thecse
variations in sediment size
reflect to some extent the
varying water levels of Lake
Ontario during its existence.
Slight horizontal stretifi-
cations noted bv small

colour changes also exist, =zs
does randomly distributed
fine grained gravel. Below
180 feet ahove sea level,
minute soherical cavities,
and calcareous material in
the form of disversed sh
or thin concentrated lay
as well 2s oregznic matte
are precent.

"S(D('D

This unit is comoosed of
compact a2nd dense grey szand
which is horizontzlly
stratified in colour and
composition. The upvner 10
feet of this stratum contzins
lenses of very sandy gravel
with shell frasments. The
middle section contains
gravels 3 inches in diameter
dispersed throughout. The
amoint and size of these
gravels decresases with devnth.
At the base of this str=tur,
thin layers of reddish brown
fine silty sand exists.

Chz~t 2.3 Deposition=] Subdivisions of ths Lake

Cnt~rio St=ge

)

(@AY
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ELEVATION DESCRIPTION

NOTE: At the contact between the above two hnits,
there is a layer of very dark greyv silty
sand which has a high organic content.

240 feet above The upper and most recent
sea level to sedimentation layers of Lake
the surface Ontario are essentially

loose grey sand. This
stratum contzains gravel of
all sizes, organic matter --
tree frezgments, shells and
cross bedding structures.
Above the w=ter table, there
is a drop in organic and
celcareous matter. This unit
is horizontslly stratified
in somre locations due to
gravel concentrations and
organic concentr=tions.
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in Bar morphology over the past thirty years (1942-
1972). Using the zoomtransferscope, the aerial photo-
graphs were either reduced or enlarged in scale, such
that one single scale for photo comparison over time
was available.

The variability in Bar morphology over this
thirty year period is illustrated in Fig. 2.5. Man
has resolved to greatly chznge the physical dimensions
of the Bar, on the Hamilton Harbour side, by filling
in the hollows and depressions until the oresent outline
of the Bar has been attained. On the Iake Ontario side
of the Bar, unmodified by man, nature has only acted to
slightly modify the almost equilibrium beach envircn-

ment.



CHAPTTR 3
. WINDS AND WAVES AFFECTING

THE BURLINGTON 3AR

3.1 Purpose of Wind and Wave Analysis

e the

bt
o

The opurvose of this chanter is to exam
winds which affected the Burlington Bar over the
veriod NMay 1 to Decermber 31, 12872, 2nd to see how

often a2nd to what extent sienificant windes affected
h

pde

e beach envircnrent. It ig also the interntior ~f
this chavter to determine the exnected wave chersoteric-
tics using the Bfetﬁchneiﬁer methnd of hindec=etine; 1o
compare thece resulte with aeriuzl weve characteristies

measured a2t Burlinston B=1r; 2nd to ev=rire the zerer=l

lenzshore comnenent over » short veriod of tirme.

3.2 Winds

Wind datz, which wes read hourly over the

=

period V~y 1 to December 31, 1972, w-s collected from
the Roval Betsnicsl Gerders wezther stotion ir
Alderchet. This date wee =2csumad 4o he representative
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each wind direction in a2 specific class interval
represented the rnumber of times the wind blew from
that svecific direction a2t the sugerested wind speed

over the month of observation.

Significant Wind Directions
The dominant wind directions over the eight

month period were north-eazst, north-west, west and

e

south-west, however, only one of thece directions,
north-east is significant for the influence of
responses on the Burlington Beach. TLess dorinant
wind directions -- north, e2st and south-esst 2re
also significant in influencing process-response.
factors. Generally, witﬁ the exception of May, the

oJ

cant directions less

)
pde

winds blew from the four sieni

than 50% of the t

e

me during anv menth. Duringe the

r

months of ¥ay, November, June and December, iThe winds
blew from 54.37 to 38.9% of the tirme from the
significant directions, while during the remaining

four months, a range of 33.5% tc 27.4% of the time

reoresented the vercentase of winds blowing frorw
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VAY
DIRECTION TOTAL A
HOURS

N 30 » L”. O .

NE 220 20.6

E 131 17 A

SE 23 3.1

8 20 2+7

SwW 140 18.8

w 99 13.3

NW 79 10.6

CALM 2z «3

TCTAL 7Ll 100.0

DIRECTICN 1-3 -6 7-10 11-16 17-21 22-27
moh mph mph mph mph mph

N 16 ip 3 1
NE 34 60 71 L 10 1
E 33 48 Ls 5
SE 16 € 1
S 10 Q 1 1
sw 19 1 43 33 2 2
W 40 7 Q 2 1
NW 10 21 22 21 3 ?
CAIYN 2
Significent Wind Direction -- 54,3% of “he time
Significant Wind Sneed -~ 8,2% of the time

~ # 5 e N 5.5 .
Chart 3.1 Closcificeticn of Wind Uota.



JUNE

DIRECTTON TOTAT, %

HOURS
N L3 5.97
NE 158 21,94
E 77 10.69.
SE 9 1.25
S 7 <97
SW 169 23,L7
W 140 19.45
NW 114 15,82
CAIY 3 42
TOTAL 720 100,00

DIRECTION 1-3 . 4-6 7-10 11-1f 17-21. 22-27 2R.32

moh moh mph mph mph mph mph
N. 10 7 iz L 1
NE 14 49 €7 1€ 6 1 -
X 10 21 3L 3
SE 5 2 2
S A 1
SW 14 £1 Ly Lo 3
W 34 AQ 2F o 2
NW 7 22 39 37 2 6 1
CALN 3

Significant Wind Direction -- 39.85% of the tire

Significent Wind Sneed -- L.92% of the tire

Ch=rt 3,1 continyes




JULY

DIRECTION TCTAIL %
v HOURS

N 35 o

NE 101 13.6

NW 61 B.2

E Lg 6.0

SE 23 i P |

S 9 1.2

-SW 292 39.3

W 177 23.8

CALY 1 ad

TOTATL 4L 100.0

DIRECTION 1-3 L-6 7-10 11-156 17-21
mph mph mph mph mph

N 25 9 1
NE 21 42 37 1
Ny 25 12 13 11
E 13 24 8
SE 6 Q 8 :
i 2 6 1
SwW 27 89 113 8 5
W 81 72 18 6
CALM 1 _

Significen*t Wind Direction ~- 27.4% of the tire

Significent Wind Svneed -~ 1% of the tirme

22-27
mph

Chart 3.1 cortinued
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AUGUST
DURATTON TOTAL
DIRECTTON HOURS
N 14
NE 202
NW 104
E 12
SE 17
S 3
Sw 2¢7
W oL
CALN 1
TCTAL 7244
DIRECTION 1-3 L_4 210
N 10 L
NE 264 98 72
NW 19° 30 36
E 3 5 L
SE 7 2 1
S 2 1
Sw Le 125 c7
W 58 34 1
CAIM |

Significent Wind Speed -- ,8%

Significent Wind Direction -- 3

N

W (RN
NNO N =B -

- @ L ] L3 . -
OO FW OO N

L] - e

100.0

6
18 1
26 1
1

Chart 3.1 continuved



DIRECTION

b

nntg =22
=

SW

N¥
CALM

DURM'ICN
DIRECTICN
N
NE
E
SE
S
SW
%)
Ny
CALN
TOTLL
1-3 L-A
mph mph
21 31
24 39
3 13
8 2
2
2A G2
&3 75
Q 24
2

SEPTENMBER

TOTAL
HOUES

78
123
28
12

5
233
153

86

2

720

7-10
mph

&

L2

87
38

O WO N EIIN0 0

11-16
mph

|.A
o O\W

{ad \n
n-a\in

17-21
rph

SIGNIFICANT WIND DTRFCTION -- 33.5% of the tire

SIGNIFICANT WIND SPEED -- 3.6% of the time

22-27
mrh

Chart 3.1

o

continued

o




CCTOBER

DURATION TOTAL %
DIRECTION HOURS

N 61 8¢2

NE 119 16.0

E 29 3.9

SE 8 1.1

- . 15 2.0

Swo 216 29.0

W 172 23.1

NW 122 16.4

CAIN 2 3

TOTAT, 7Ll 100.0

DIRECTION 1-3 L6 7-10 11-16 17-21
mph mph mph moh mph
N 28 2l 9
- NE 37 Lg 25 11 1

E 9 14 6
SE 2 6
S 5 7 3
SW 27 £6 77 35 11
W 65 61 23 17 L
NW 20 25 40 28 7
CLllv 2
Significant Wind Directions -- 29.2% of the time
Significznt Wind Sneeds -- 1.6% of the time

NN

Cheart

(W)

.

sl

enrtinuesd




NOVEYNBER

DURATION TCTAL A
DIRECTION HOURS
N 59 8.2
NE 186 25.8
E 20 2.8
SE 29 L,0
S 5 w7
SW 191 2A. 5
W 137 19,1
NW 93 12.9
TOTAL 720 100.0
DIRECTION  1-3 h-6 7-10 11-16 1921 22-27
mph mph mph mph mph moh
N 17 25 12 5
NE 19 52 58 L1 14 2
E Iy 3 76 ?
SE 7 9 11 2
S 2 2 1
su 28 3l 2 3n 22 1
W 65 61 9 2 ,
NW 23 26 2L 16 L
Significant Wind Directions -- 40.8% ~f the tire
Significant Wind Speeds -- 9.9% of the time

Chart 3.1 cortinued




- DECEVBER

DURATTION TOTAT. %
DIRECTION HOURS

N 72 . 9.6

NE 175 235"

E 36 5.0

SE 6 .8

S 3 oA

Sw 214 28.8

W 148 19.9

NW 89 11.9

CALM ! el

TOTAL 74l 100.0

DIRECTION 1-3 L-6 7-10 11-16 17-21 22-27
mph moh mph mph moh mph

N 24 27 20 1 -
NE 17 Lb Ls Ls 15 9
E 3 10 7 « | L )
SE 2 3 1
S 3
SW 2A 85 1 £2 i5 g
W Lo 55 22 18 13
CALM i |

Significent Wind Directions -- 38.9% of the tire

Significent Wind Sveeds -~ 11.6% of the time

Chart 2,1 Continued
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NE 3.30] 7.30] 7.09| 2.10| .78 27
E i.481 2.35) 1.90 <531 07 + 02

WOl 7.59| 8.04] 1.97

N 2.13| 2.94] L,02| 2.01 Lo « 20 « (8
carM | 1-3 | 4-¢ '7-10 1211-16"17-21"22-27 '28-33
moh mph mph mnh mrh mnh mrh

Chert 32 Wind Classifie~tio
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high wind sveeds generate destructive waves which
contain énough energy to greatly modify the resvonse
elements, by quickly dewncombing the beach. ‘Generally,
wind speeds less than 11 mph. generate conétructivg
.Qaves which gentlv build uvp the beach over a2 long period
of time.
‘ Significant wind sveeds which =ffected the
Burlington Beach, varied from 11.6% of the total winds
that blew durirg the month of December, to less then
1Z of the time in July (.1%) and August (.8%).
durztion of winds of these sveeds was variszble from
one hour to 23 hours throucrout the eisht ronth study

period, and generslly each vneriod of significent wirds

was separated by non-significsnt wind veriods.

3.3 Wave Cherecteristic

No hour to hour wave narsmete -- wave heizht
and period have been measured in the arez re=r the
Burlineton Zesch; therefore, reliance on wsve cheracteris-
tics we2s »placed on the observations of the z2uthor =nd

on the characteristics oroduced bv hinde=sting.

Observetions and Hindcasting
ihe wave nerameters rezcured in Lake Ontsrio
off the Burlirgton Beor gsnneared to f2l1] witrin four main

clagens Qvor wony o thre ahcorgoetinn maovrindea ~
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usually suverimposed on the weve pattern of that day.
This d=2ily pattern veried considerably with resnect 1o
wave height 2nd neriod, however, the waves which were
‘'observed a greater vercentagce of the time were those
defined as chop. These weves produced an interference
pattern, therefore, the actual wave height =2nd wave
veriod could not he rezsured with anv degree of
accuracy. These waves also were noted to 2id in the
gradual build up of the beach. When sctual wave heizht
and period could be measured, the greatest majority of

these waves had periods of less then 2.0 seconds sand

j=e

97}

]

e

heights of less than 8 inches. Only on 2 few ccc on

did destfuctive waves, which downcombed the beach,

affect the beach svstem. These wzves had perioé; uon

to 5.2 seconds 2nd heishts of 3' 6" and were relztively

rare during the summer and most of the fall months.
Since 2 complete =et of Adaily messurements

w2s not obtained, a method of hindeczsting pnrovnsed by

- Bretschneider was used. This mwethod clots wind soeed

against either fetch in miles or wind duration, and the

convergence of these perzrmeters shows the expected

wave height in feet 2and wind speed ir seconds. Since

the dur=2tion of certain wind sveeds is varizble thrcugh-

out e=ach day end esch month, hindcasting wrs under-



hours, which was a2 slightly longer but reasonable
durationzl period for windswhich affected the

Burlington Bar. Since the hindcasting methéd is

thought to oresent slightlv higher werve height =2nd
veriod values than those actually produced in the

beach system, the v=2lues c~lculated for duration and
wind speed were comvared to the ve2lues hindcasted for
fetch and wind sveed. In all three cases of hindcasting
the results were noted to be similar. From the sr=vhs,

08.86% of the values could not be nlzced on the faich

hed pericdzs of less than 2 sszconds when hindeasting
was undertsken for duratiore of 2 hours ard £ hours

resvectively. The main wsve char=scteristics which:

were genevszted bv 2ll the hindeacstin- o ters, and

[2)
L |
jav)
=
(D

which éid apvear on these gravhs were those of U4 seconds

3 feet heizht, 5 seconds L feet height, 6 seconds &4

0
n
ct

feet height 2nd A seconds 6 feet heisht. These la

ch wer

|te

recorded values corresponded to the weves wh

®

occasionally generated in the a2rea of the Burlington

pde

Bar, as did the forrer hindcasted wave values with

wave neriode of lescs than 2 ceconds.

3.4 Longshore -- Besch {lrifting Studr
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different rates 2nd in different directions on
opvosite sides of the cznal. In order to undertalke
this short-term h2lf-month tr=cines studv, nebhles of
varyiné sizes were collected fron various foreshore
and nearshore zones and p2inted a bright red in nrder
to contrast with the normal vebbles of the beach.
Actual be=ch materizl wes used for this stﬁdy, for it
was important that the rmaterizl used for the trocing
experiment h24 the same proverties a2s the normal
beach materizl.

The first tracine experiment was corried out
at orofile 7, on the south gide of tre czn2l. Pzinted
pebbles were nlaced among similar size”d materizl =2t

certain distences frorm a marked reference vnoint on the

beach., Two €" long pebbles, vlaced 2 distance of 50

ot
®

feet fror the reference noint, showed no z2noreci=h
movemert over the nerind of one der, 2nd
rate wes 100%. Four 3 -4" equidimensionzl nehhles

nlaced 2meng similar eiged moterisl a2t 48' 10" from the
reference noint, moved a laterzl distence of 1' 0" to

the north a2nd 2 verticel distance of 2" toward the
reference point over the one dav perind, Az2in, the
recovery r=2te wszs 1004, PFin2lly, fourteen 1 -2" Debbie?,
pl2ced 46 L from the reference noint -- =t the =ien
too, movad & l=ter=l distonce of 1' 11" t9 the south,

and & vartic~l dig:onge of 1' toward the refarence nnhint

C]‘.Jr-in'{; nne r'j‘.—‘u‘.-. f’n? Vo8 5(_)'10/ LareYala iAok alid -nr:—{r-l:} nr':.‘\:" r{ﬂ,‘;’;\,'q.
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Unfortunately, this study could only be carried out
between two consecutive dzys, since the nehhles were
totally buried durins the remeinder of the étudy neriod.
Even.thnugh this studv was terminsted ezarlwv, = few
factors were noted. For examole, shingle of different
dimensions‘moved 2t different rates. Ths smaller

. pebbles were moved easier and carried a grester distence

than the mediur or larze pebbles. ‘Also, there was 2

e

variation ir the direction of moverent of the rediur
and small vnebbles, even thouzh the nebhles only
travelled a2 short distance.

The second tracins experiment was ce2rried out
at orofile 1, on the extreme north =ide of the
Again, pehhles were played a2mong normel

h
of similer s a ions. Yhree é" pebbles, nlscad

[N
r
D
de
n

men

‘]

E0' 6" from the morve

o N
,

reference roint, showed no
movement over the nerind ~f one d=zv, znd the recovery
rate wrs 100%, On the third study dav, z72in no
movementhPsvnoted, and only s 33.3% recovery rate wesg
noted, while on the fourth studv date, the ons ver~inire

pebble h2d moved 1' laterally to the north, snd 7"

verticrlly toward the reference moint. Six vebhles of

D
i
P

=

SN

lizmeters, pnlaced 47' 9" frem the refererce roint,

showed ne l-aterrl moverenit, but 2 moverent vertic~lly
towsrd tha reference point of 11" over the ore d=v ztudy
warel ok, L thie 2iera, the racovers reie - e, ¥, On
the third atvdy dofe, the veccvery vote hed deorseaed
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to 66.6%, and the pebbles h=d moved lsterally 1' 7"
to 4' 2" to the north znd vertic=l1ly from 16' 5" to

1* 5" toward the reference point. On the fourth study

O

.date; the recovery rate was 0%4. Finallw, nine 1 ﬁ2"
pebhles, placed 45' 9" —- near the waterline, showed

a leteral movement of 1° 6"vto the north and a veftical
rovement of 4" toward the reference mwark during a one.
dav period. The recovery rate was 44,47, On the third
study date, the recoverv rate wes 22.2%, =2nd the pebbles
had moved laterally 5' 6.5" to 31*' 4" to the north =rd
‘vertically 15' 3" to 15' 8" towerd the reference noint,
while on the “ourth studv dzte, 2 recovery rate of 11,14
was noted, 2nd the pebble h=d moved loterslly A7' 2" 1o
the north ard vertic=11v 17' 7" toward the reference
ncint. Accordine to this studyv, there was s decre=ce

in the recovery rate over the studv meriod with recspect

1.de

to 2l the pebble cizes. Aleo, there w=g nn varisbility
in lateral transnort of the nebbles, but, the Izrece
variability of movement within certain vebble sizes

rade it imvossible to determine if the movement of the

verious sgizes wre sisnificantly different.

neal-

D

During the nrerindg of this studv in th

)

chore zone of *the Burlington 2each, wsves wer
generally sentle, so that s2nd w=e navine onchore, =nri

ruch of the Tr:renori, z¢ ghown 2bove, wss orcurrine in -

the rear - ne=vrhoare zonz.



35 Conclusions'

The significant wird directions which
influence the vrocess-resnonse model on the Burlington
‘Beach 2re north, north-eszst, east, and south-east.
Winds blew from these directions less than 50% of'
the time during any of the months from May to December
1972, and those winds of gre=2ter then 11 mph,vwhich
were considered as significent in oroducing distinct
responses on the besch, varied from 11.67% in December
to less than 1% in July and August. The greater
vpercentage of non-signific2ant winds which affected the
Burlingten Beach led to the generastion cf waves which
gener=21l1ly had veriods of less than twn secords, --Greaver
wind sveeds only led to the ~eneration of wsves which
had veriocds of lecs than 5.2 seconds znd heights of less
than 3' 6". Thus, over most of the studv nericd, wasve
energy was not great. This enérgy did lead to the
generation of loneshore trznsvort or besch drifting -- =2
process which oroduced a variation in lateral shingle
movement on the south side 2nrnd no variétion in movement
on the north side »f the c=znal. During'the hesch

drifting studv, different sized vebhles were moved 2t

3

different rates, 2nd there wes 2 decre=se in the pebhle

'3

recevery rate.



 CHAPTER 4

FORESHORE AND NEARSHORE NORPHOLOGY

4.1 Purpose of NMorphogenetic Study

The purpoée of this ch=zpter is to egamine the
three main morphogenetic units of the Burlington Bar,
and investigete the changing form of svecific locations
within two of these units, Canal North and Canazl Scuth,
over the study period. This chaptef also considers
the effect of w=ater level heigcht on beach form, the
results of a search for bars in the nearshore zone of
the Burlinéton Beach, and minor beach forms which were

located in the bezch syétem.

4.2 Descriptive Vorvhology

The Burlington Beach, a long linear beach,
attached at each end to the headland, caﬁ be divided
into three distinct areas. These areas, 2s one
progresses northward along the Bar from Van Wegner's
Beach, =z2re described as the groyne érea, canal south,

and canal north.

Groyne Are=a
The groynes, constructed normal to the shore,

for the pursose of reducing the 2rount of bezch material
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lost by erosion, have only been in existence for the
past twenty years. They extend 2,600 feet along the
beacht and each of the ten groyvnes is pnlaced 250 feet
apart. These groynes are built .of boulder material,
approximately four feet high and extending thirty feet
seaward, through which the water  and sand can not move.
Due to this, on the uvndrift side of the groyne, sand
has built uv, and the bezch has been widened, while on
the downdrift side, only very slight erosion of the
original beach zone has occurred. Overall, the beach
area between each groyne has a concave shape lakeward,
and a steeper slove on the uodrift side of the &arovne,
as comoared to that on the downdrift side. )

To study this beach area would regquire z micro=--

scale study, and since this thesis desls mainly with

regional changes, this area was not dealt with.

Canal South

This beach area extends 13,100 feet 2long the
Burlington Bar frbm the last groyne to the cznal. Due
to the length of this section, and the wvarisbility of
factors along the beach, various sub-sections as shown
on Fig. 4.1, will be described from 2 study m?de-on
June &4, 1972.

At Hemilton South, there is sn eroded sand and
soil brnk at the exireme bzck of the beach, This bank

increzses in elevation towrrds “Tvdra + 100, 2and in oro
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attempt tc protect this exvosed bank from erosion. Also,
in this area, a few of the concrete tower foundations
project out into the water and z2ct as mini-groynes..
To the south of thése foundations, there is slight
deposition, while the area immediately to the north of
the foundations shows slight erosion.

The beach zone gradually widens between Hydro
+ 100 and Bell Cezirn School, leaving a wider arez which
is susceptible to beach drifting. This condition
however is somewhat reduced in the area at the back of
the beach, for thin, long grasses and 2 few shrubs are
beginning to stabilize the area, and minimize bea=ch

drifting. Along this relatively straight beach area,

definite small beach cusvs, similar in width -- five feet
but varying in length -- six feet to ten feet, had

develoved. At Bell Cairn School, a rock breakwsl
constructed of lazrge limestone boulders protects the
back of the béach froem erosion. This, however, is not
the only method of besch protection used. In the area

“from Bell Cazairn School to Killarney Street, there zre

AV]

émall grasses, end some bushes and trees, which a2re
growing 2nd stabilizing the vefy sandy area at the back
of the beach. 2each cusps, of similar dimensions to
those forrerly noted were vresent, 2nd distinct

varizstions in beach material over 2 very swall srea was



This stabilization of the back of the béach.
zone by long grasses, shrubs and trees is still noted
in the sub-section of beach defined by Killérney Street
and Fourth Avenue. In this area, the generzl linear
trend of the beach is broken by the vpresence of many
beach cusps, which are well defined by cobble material.
To the north of this area -- that zone between Fourth
Avenue and South Cznal, the vegetétion cover 2t the bzck
of the beach is left unnrotected and is highly suscep-
tibile to beach drifting. Thig beazch arez exhibits 2
gentle sloping forecshore a2nd backshore zone from tlhe
railway tracks lakeward, and there is a slight conczave
curvature in the linear trend of the beach. This
curvature-may be due to the fact that the ceanal acis
as a maxi-groyne.

Finally, between South Canzl and the canzl
itself, there is ninety vards of limestone boulder
fill. This protects the back of the beach from the
exfreme erosion which takes place in this area due to
wave concentratidn.caused by the vresence of the vier.
"Behind the rock fill zone, long grasses and a few
shrubs exist on the compact brown sendy £i1l1 whicﬁ was

emplaced during the construction of the canal.

Canal North
This section »f the beach extends for 6,850

feet from the nier to the concrete foundation at Little
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Cove, and is composed of various beach sections. Due
to this variation within the beach, each sub-section
will be discussed separately.

Between the canal and North Cznal, there is a
ninety yard limestone boulder fill area, which protects
the tall grass and small shrub vegetated area at the
back of the beach. The material under this vegetation
is composed of compact sandy brown fill which replaced
the originzl sediment when the canal wss constructed.
Also, in this area, the gener~l linear trend of the
beach gives way to a concave sandy beach, with =2 radius
of curvature of twenty yards., ‘This devositional are=
éppears to be representative of an arez in the undrift
region of a groyne system. Thusg, it is possible and
feasible that the vier acts as a mexi-groyne and affects
fhe devositional system in the oroximate areza,

From North Cznz2l to Power House, the beach
returns to its linear trend, 2nd deposition in a few
areas is controlled by a series of rock rubble arezs,
formerly pylons for Hydro towers, which exist in the
nearshore zone. The width of the beach diminishes to
the north, 2s does the vegetative cover at the back of
the beach.

From Power House tec Little Cove, the beach
narrows, and heccwmes a series of coves defined by
present 2nd former Hydro tower foundations. Tn a few

of these coves, the railwa2yv bank a2t the back of the
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Hamilton South

NOTE: Places will be referred to by vrofile

numbers in the remaining chapters.

Chart 4.1 Plzce naves nnd 2ssocisted profile nurbers.



beach has been deeply eroded and is presently a local

source of pebbles, cobbles and coarse sand material,

L,3 Beach Profiles

Beach profiles are representative of active
beach changes within the vrocess-resvonse model. For
example, there is a continual adjustment in the fore-
shore slove with changes in energv and material
factors. Low energy waves with svilling breakers
produce 2 constructive swash which leads to the build-
ing up of the foreshore and the construction of 2
distinct berm. The higher energy, steeper waves
ﬁowevér produce a destructive backwssh from the
plunging bréakers, and the sediment on the besch is
combed down. There are also modifications of this
beach profile due to changes ir land and sea -
emergence leads to obrogradation, due to cuspate move-

ment, and cdue to backshore sand drifting.

Survey Procedure

Surveying of the Burlington Beach from
established bench marks at the nine nrofile locations
(Fig. 4.1) was carried out over 2 four month veriod.
Revresentative prefiles of this period were taken on
July 2, August 5, Senterber 23, and October 14, 1072,
In orcer to deterrine short term chenges within any

one orofile locstior., readines were taken =t the boack
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foreshore nearshore

l
|
|
zone l zone
|
|

a -- back of the beach

b -- berm

c -- swashlimit

d -- waterline

e -- top of the step

f -- bottom of the step

g -- lakeward of the bottom of the step

Fig. L.2 A sener=zl hezch profile



of the beach, berm, swashlimit, ton of stevo, bottom

of step, and lakeward of the bottom of the steo, but
within survev means. Nodifications of these positional
readings were only made when no berm wa2s in existence,
and at §rofile 4 during July and August. TDuring the
summer months, swimmers disturbed the natural profile

of the beach at this location.

Interpretation of Profiles

The tendency for the ovrofile vatterns over the
four month period w2s to show manv variable trends
which increased in varisbility towzrds the erd of the
profiiing period. Nuch of this variability caﬁ be
attributed to sand drifting in the backshore zone, the -
movement of cuso forms along the beach, 2nd nermal
beach processes generated bv low energy =2nd hiegh enerey
waves. This general vari=bility with resvect to
profile changes will be considered throughout the periods
between the profile dates in order to portray similar

vatterns.

July 2 - August 5, 1972.

Over this veriod, only nrofiles 8, 7, 6 zn¢ 1
1 Yy ’ s

showed total dencsition, while all the remaining

.

profiles showed the va2rizhle derositional and erosion=]

patterns. Devnositinr orcurred in the tackshcre zone

at nrofiles O =and ?, from the waterline to the sten ton
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at profile 5, and lakeward frcm the waterline and step
top at profiles 9 and 2 respectively. Only at profile
3 was there any evidence of deppsition in the near -
nearshore zone. At five profile locations, erosion was
noted, and at two of these five locations -- profiles

7 and 6, erosion was noted due to a slight shift in
cusp location. The remaining three profile locations,
profiles 5, 3, and 2 showed variaﬁle erosional vatterns.
Profile 5 was eroded from the benchmark to the swash-
limit and from the step lakewzrd, while -profile 3

was eroded in the backshore and far - nearshore zone.
Most of profile 2, from the benchmark to the =tev top
also showed erosion. Ther~e prcfiles heve generally
moved lakeward, with the excepticn of precfiles 5 and 1
which shcwed no movement, and profile 2 which moved

landward.

August 5 - September 23, 1972.

A greater variability with resvect to the
change in erosioral and devositional areas within the
beach orofile occurred.at 2ll nine profiles. One
similarity however existed which showed a gener=l
profile extension lakeward. Depositicn was noted from
the benchmark lszkeward at ovrofiles 9, 8, 3 and 6.

.

Prcfile 7 chowed devnosition occurred in the zone between

Pt

the backshorz 2nd the sweshlimit, while denocsition

occurred frem the sten lakeward at profil

—d
D
2

‘N
1
o]

N

-
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Unfortunately, vrofile 1 was disturbed by 2 bull-

dozer which removed the benchmark and the beach! Erosion
~occurred at the backshore zone, and from the steo lake-
ward at profiles 9, 8, and 2, only at the back of the
beach at profile 6, and from the bottom of the step lake-
ward at orofile 2. At profile 7, the entire profile

from the swashlimit lakeward was ercded.

September 23 - Octocber 14, 1072,

The greatest variability in the erosionzl and
depositional sreas of the »rofiles is noted during this
period. At profiles 9 and 6, depositicn occurred in
%he backshore zone, while erosion of this zone occurred
at profiles 8, 5 and 4. Erosion of the total profile
occurred 2t orofile 7, while totsl deposition w=2s noted
at profiles 1 znd 3., Slight erosion and devosition
occurred a2t nrofile 6 between the benchmark and the
swashlimit, while greater devositicn2l patterns were
noted between the berm and stev at vrofiles 9 2nd 8,
the swashlimit lakeward at profile 5, 2nd the bench-
mark to the step at profile 4. At profiles 9 and 8,
.erosicn was noted between the benchmark aznd the berm
and the too of the step lakeward, while at profiles 5§
and 2, erosion wzg noted from the benchmark to the
ewashlimit and from the wsterline lakewsard resnectively,
During this reriod, most n{ these nrafiles have noved

lakeward, with the evcention of profiles 8 znid 6


http:prof3.le

Sweep zone Deposition in Final Profile
dimensions feet at the devosition in number
back of the feet at the
beach over back of the
the four month beach
study period
narrow 1.66" 1.66" 9
narrow 1.61" 1.03" 8
narrow 77 o240 7
narrow .68 .3 . 6
narrow « 103 «10° 5
narrow -.15" ~s 15" L
narrow ..15' «15° 3
narrow s 21" w21® 2
narrow a7t sk 1

Chart 4.2 Burlinston Re=ch orofile information.
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which moved landward, 2nd profile 7 which remained in

the same location,

Throughout the total four month period, 211
profiles, with the exception of profile 4 showed an
overall total positive depositional profile in the
backshore zone (chart 4.2). Also, sll the profiles
showed narrow sweep zones which sugzested that this
beach was in a stable or equilibrium state. Subpporting
this idea of equilibrium is fhe fact that the Burlington
Beach is oriented normzl to the dominant eastérly wave
and swell direction. In order to determine wﬁether the
‘Burlington Beecﬁ existe as an eduilibrium syste;, 2
longer study vperiod would have to be undertaken to
determine if the variations inithe nrofiles were cyclical
vand restored over a period of time by naturél processes,

It has been suggecsted earlier that a change iﬁ
1and and sea relations has lead to modifications in
the general profile. A review of lake 1evel-aata over
the four month preriod which encompassed this study showed
.that there was a continual decrease in lake level
(Fig 4.4 2nd chart 4.3). This then accounted partizlly

for the incressing growth of the beach lakeward from the

benchmark.
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DATE

July 2, 1972
August 5
September 24

October 14

LAKE LEVEL

246.78
246,68
245,51
244,88

Chzart 4.3 Leve Ontario water levels on survey dates




L.,4 Offshore Bars

To accompany the profile study, another study
was undertaken to determine if any offshore bars were
in existence at Burlington Beach, and to note the
extent and dimensions of these»bars, Only one study,
on July 8, 1972, was undertaken for only the existence
of bars was imvortant. Since bars change daily with
fespect to normal vrocesses, 2 detailed study to
determine bar movement could not be undertaken in the
allotted study vperiod.

Tc determine the nearshore profiies of the
Burlington Beach, proper survey methods had to be
abandoned since the rod was not long enough for”
readings to be obtained, and a crude survey method had
to be designed. A lead weight, which wzs 2ttached to a
string marked a2t six inch intervals with a distinct
pattern; wes lowered from a carce until the lead weight
reached the lake bottom. The string was then read in
‘approximate values from the water level line. This
technicue was then repeated at varying positions lake-
ward from the benchmark.

At most of the profiles, only one bar was

encountered within 350 feet of tha henchmark, with the

excention of profiles § and 8, where 2 emal]l runnel

system had also cdeveloped in the nesr - neavchore zone,
A11 the ba2rs varied widely with re<resct to heicht, the

sma2lleast bh-r being only .2 feet ard the lorrest bhor
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.béing 2.5 feet, z2nd with respect to form. Form can

be diviaed into those bars which had relatively‘flat
crests and those which had shafp crests, No correlation
between the type of crest of a bar and the extent of

the bar, which varied from 9 feet at profile 5 to 105

feet at profile 6 was noted.

4,5 VMinor Beach Features

Every bezch, no matter how large or small has
developed minor beach féatures, whether they be swash-
marks, backwash marks, ripples or cusps. Of varticul=ar
interest to this author were the ripvle systems, shingle
Beach, beach cusvs, ridge and runnel system, and the
changing foreshore cheracteristics which were found in

the_Burlington Beach system.

Ripples

Ripples are always oresent on sandy lake beds
- where sand is subjected to meving water which has a
velocity between .33 and 2.50 feet per second. Since
-wave fronts usually oparallel the shore, ripole crests
‘and troughs also varallel the shore, thus, it can be
stated that rionles generzlly develop varallel with the
wave front. At Burlineston Bezch, two distinct rincle
tvoes, solitzry and trachoidal, charmcterized bv the
sﬁang »f the frouvhs were nresent. Soliftery ripnlecs

had fl=zt troughs, and develoned where shallow water,
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a suitable amount of sediment in susvension and fine
sand conditions existed, and when the orbital amplitude
and the bottom velocity of the waves was great. Since
the trourchs were flat, there was no vortex movement.
Hovever, in the similarly develoved trachoidsl ripoles,
rounded tréughs had led to the develooment of vorticies.
Sand at the crest of the riople is an imvortant
factor in the develooment of riovple measurements. The
size of the sand determines ripvle height which in turn
determines the width'of the flow;shadow, and the
fepetition distance of the ripples. At Burlington
Beach, the crests of the symmetrical ripples were
composed of fine sand (chart 4.5) which led *+o“the
the dévelopment of fwo to three inch rionle heights and

repetition distances of five to seven inches.

Shingle Beach

2 shingle beach, like that found along Canal
South, is formed by destructive waves which throw
pébbles onto the beach beyond the reach of the norm=l
waves. King has suggested that this nebble materisl is
more mobile thkan finer creained be=ch materizl., Thus,
zccretion on the beach profile during a given vperiod
will be greater under similar conditione if the ben~ch
is composed of shingle mzterial, This develconment leads
to the formatjorn of chingle besch ridees., - At

Burlingten Beach, shirgle materisl woes emplzced by storr

I
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waves, and was generally well sorted, and veried in -
pebble sizes from one inch at one locztion to three inch-
es in maximum diameter at a second location. The fore-
shore was steeber where shingle materizl was present,

and a general association with beach cusps, rather than

nearshore ripples was noted. '

Beach Cusps

On Burlington Beach, these temporary spaced
cresent shaped depressions are. situzted normal to the
lake front and face concave lakeward. The cusops are
composed of sands, cobbles and gravels alcng Cz2nal South,
and appear-to vary in size and shave under varying wave
.conditions. Most of the cusvs composed of gravel
material are separated fromr each other by stretches of
smecoth sand areas, while those cusps comvosed of sand
are elongate and join each other 2t an acute point. 1In
the intervals between the cusps, shoreface terraces with
scalloped faces. formed by the backwash winncwing out the
finer grained material, and depositing it in these
intervals is found. |

Alfhough rmany studies have been done concerning
the formation of cusns, nro exact method of cuspate
formation h2s been estebliched., Tt is undofstood
thoush that senor-l features rust exist, For examnle,

must strike the beach directlv, 2nd the swesch natterns
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must intersect each other.

Ridge and Runnel System

Only during the months of August and part of
September did this ridge and runnel system ( fig. 4.5)
develoop at North'Canél (profile 3). Two sand bars
60 feet apart have progfessively moved inshore until
they were within twelve feet and one fcot of the shore.
During‘high wave conditions, waters spilled over these
features, and slight dissected ripple pattern developed
on these bars. Generally thbugh, these bars were
exposed, and the main region for incoming waves was .
between the two bzrs. Here, rivoles develoved ;érallel
with the wave front and parallel with the shore.. As
the wave aponrocached nezrer to shore, it wzs refrescted
by the b=zrs and produced 2 concave lakeward ripvle
pattern. At the shore, the water wsas diverted either
north, or south along the existing runnel systems. 1In
these systems, especially the northerly runnel systen,
asymmetrical rivples were formed normal to the shore, but
'parallel to the direction of water moverent. Due to the
closeness to shore of the most southerly s2nd bar, only

small ripnvle forms were forred.

Changing Foreshore Characteristics
On Jure 4, 1972, two bezch nosition=l svetems

were noted tn exist in the zrea of profile 8, 2nd extend
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down the beach to profile 7. The highest positional
system on the beach wz2s representative of 2 storm
system produced on June 3, while the lower system was
being produced under low energy>conditions on June 4.
Samples were faken from the five main positional
locations in order tn determine the veriability in
sediment over a two day veriod at similar vpositions 2t
the same sampnle location. On both days, the material
coarsened from the berm, and was accompanied by =2n
increasing poorer degree of sorting lazkeward. On June
L4, the swashlinmit was located at the seme location as
the bottom of the step on June 3, and both swashlimit
ﬁaterial on the consecutive days, as well as the step
bottom material showed similar grain sizes and sorting
patterns. On June 4, the remaining positions lakeward
from the swashlimit had coarsened in sediment size from
that found on June 3, 2nd the degree of sorting had
become poorer. This increase in grain size can only be
accounted for on June 4 by the trasnsporting in »f
coarser meterizl to the area by means of the longshore

current.

4,6 Conclusions
Burlington Bezch was divided into three

d

[

stiret morvholosic2l regions which were defined by
thejr location with respect to the c2n2l and bv

internal charactericstics. The prowvre =res wos defined
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by the presence of groynes which were built in an
attempt to protect the beach from erosion. Canal
South, a linear segmeht of the beach, whose.linearity
was only broken by cusp formation, tower foundation’
influence, and canal influence, was defined by its
location with resvmect to the canal. Also defined by
its location with respeét to ihe canal was Canal
North whicﬁ could be compared, eséecially in the area
near the canal, to an area in the updrift region of a
groyne. Its linearity wss broken by tower foundations,
and to a great extent bv the cenal which acted as a
maxi-groyne.

The Burlington Beach profiles showed va;iable
patterns of deposition and erosion over the four month
study, with greater variability noted towards the end
of this pefiod. Most of the causes of this veriability
were noted as changing energy conditions, land and sea
variations, cuspate movement and backshore sand drifting.
Many of the profiles showed a general lakeward movement
and narrow sweep zones. The orientation of the beach
normal to the dominant swellﬁand wave directions, and the
narrow sweep zones suggested fhat an equilibrium beach
system, possibly brought about by the building of the
canal, existed 2t Burlington Beach.

Alorg the beach, 2t least one bar wzss found at
edch zrefile laecation, while axving minor haerch featuros

supch an rivnles, shingle, cupng snd g pidre Wi rinsel



CHAPTER 5

THE BEACH SEDIMENTS OF BURLINGTON BAR

5«1 Purpose of Sedimentary Analysis

The vurpose of this chanter is to investigate
the nature of the material at specific locations onv
the Burlington Beach, and to see if this material
varied in composition at any one nlace throughout the
summer. It is also the intention in this chapter to
examine cross beach variations to find out if they are
resular at one location or at 211 locations; to
determine if regular variations exist z2long the bezach;
and to ‘see if variaticns exist between the areas
located north and south of the canal.

The Hamilton Harbour side of the Bar wes not
studied, for it could not be commared with the L=ake
Ontario (Burlington Beach) side due to

1) the great influence man has recently had on
this beach environment, and

2) the fact that the sediment on the Hamilton
Harbour side of the Bar comes from a different

source area,

5.7 Samnling Procedure

For the pmurnnse nf this short term study,



sediment was sampled at nine locations, becinning at
the south (Hamilton) extent of the Bar, 25 feet from
the first groyne, a2nd then approximately every half
mile to‘the northern extremity of the Bar. This

system set up six sampling locations on the beach

south of the canal and three locations north of the
canal, which Wgre also used for survey vositions. This
spacing was considered to be adequate for the determin-
ation of 2 régional tfend,along the four mile Bar, and
only picked up local effects at profile 1. Samvles
~were taken at each profile at five locations across

the beach -- thé berm, swashlimit, waterline and the
tom and bottom of the stevp, sinée these positions were
usually evident on the bezch, and only changed in
relative position throughout the season. This sampling
scheme was repeated on three occasions = June 4,
August 5 and September 16, 1972 such that a total of
135 samples were ta2ken.

The sediment obtained was intended to be
representative of 2 constant depositional vprocess, znd
to be representative of the whole unit under inves-
tigation. Thus, the sample was taken at random within
each subgroun - devnsitional laminz, but systemétically
within the whole nonulation (Blztt, Middleton, NMurrayv,
1972). The tcp one centimeter of sediment was removed
from the samnlips lagcation 4o nrevent sontarinztion af

the dennsitione2l larmin=a hv wind blown materisl, =nd this



lamina was s2mpled within an eizht centimeter sguare -
area.

Outside factors affected the éstablished
sampling procedure at various times. On August 5, at
profile 2, a large accumulation of weed hid the location
of the step, and made sampling impossible without
great disturbance of sediment near the step. Also on
this date, samples were not taken ét profile 4 due to
the presence of mazny swimmers which disturbed the
natural distribution of beach and nearshore sediment.

A detailed sampling procedure immecdiately
north and south of the canal was undertzken in November
1972 for a compvarison with 2 study done in November
1971 by Bryce, Egginton and Wilkins. Samples were
taken starting at a distance of 90 yards from the »nier
at ten twenty yard intervals, in order to z2llow a
sufficient lateral exteht of samoling which w=s not too
widely spaced to lqse the pattern of continuitv. On
"the north side of the canz2l, ten samples were tzken
at_the_back of the beach since the remaining portion of
%he beach was frozen, while on the ssauthern side of the
canal, ten samples were taken at the middle of the swzsh

zZone.

5.3 Lahorestnory Procedure
Prior tn *he analvsis of sediments collected

from the Burlineton Beach, s studyv to test the methods



used in analysing and measuring sediments was under-
taken. By noting the advantages and disadvantages of
the two methods chosen -- sieving and visual accurulation
‘tube, the most accurate method of analysis could be
determined and employed in the ensuing study.

Samples for this study were obtained from
different beach levels -- berm, waterline and the back
of the beach, on the Lzke Ontario side of the Burlington
Bar on November 19, 1971,

The first method tested was the sievina method.
Sieves at 2 phi intervals were used in order to
introduce an zccurate overall picture of the sediment
size distribution, and in order fo comvare the results
with the visual accumulation tube results. It was
decided that one phi intervals would be useless in
determining sediment distribution 2znd that % phi
intervals would be too time consuming and the results
obtained could not be used for comparison with the
visual accumulation results. FEach samole was dried and
sampoles 1, 2, 3, 5, 6, and 8 were divided by using the
divider and weighed a2s split sand samples. Samples 4 and
7 were treated differently because of their!visi%le
coarse grained content. They werefSiéQed.thfoﬁgh 2
-1.0 ohi sieve in order to éenﬂféte %he srenular
material from the sand fraction. The total sz2nd fraction
was then weiched, trensplit and weighed =2s2in. The
granule fraction was resieved through -2.5 vhi to -1.0

')h" f"," e ~cna +The rAartandte AL A~ Ao s YAl 2 o~
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beaker. Then, all the split sand samvles were sieved for
fifteen minutes by machine in sieves from -0.5 phi to
+4.0 phi. Uvnon completion of sieving, the contents of
‘eash_sieve was placed in a2 beaker and weighed to four
decimal places. Material in the nan was trezted 2s
material finer than +4.0 phi.

There are however certain disadvantages with
this methdd. For example:--
1) some of the sand particles stick in the mesh
of the varticular sieves and z measuring
error is introduced, since the original totzl
sediment weight is depleted by a small
fraction.
2) there is sometimes difficulty in separzting
the sieves and care must be teken in order to
keeo the contents in the sieve.
3) material, varticularly fines, mav ezsily rise
and be lost, when the materizl is being
transferred from the sieve fo the beazker. Thus,
again, 2 measuring error is introduced, and
L) the sieve falline off the machine causes 2
disturbzance in the distribution of the samnle.
The error fzctor involved in ezach of the samnles is shown
in chart 5.1. These results are accurcte to + 1.5%.

The secord method tested was the visual
2ccumulztion tuhe. This methed s intended vrime=rily

for the size anclveis of sediment go2mnlecs consisting of
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Sample number Error (%)

.

® N O n F W

~1.326k
-0.2919
-0.3734
-0.0963
-0.1810
-0.3566
~0.3489

0.0054

in nercentzoe by the sievire method.



mainly sand or samples from which the finer material
has been removed. This fine material (silts and clavs)

should be removed to improve the accuracy of the

analysis. This size frequency analysis is based on the
fall diameter of varticles in the samvle, since the
sample varticles settle in the visuzl accumulation

tube with higher velocities than those for the same
particles falling separately. This fzll dismeter can be
explained as the diameter of a2 sbhere having a specific
gravity of 2.65, and having the same terminal uniform
fall velocity as the varticle in unagitated distilled
water, with the fall velocity indevendent of a2ny effect
from the tube walls or adjacent-particles (Krumbein

and Pettijohn, 1938).

Only five gr-ms of the sedirent samole wase used
in this tube, for it was the maximum amount of materizl
which could be used to »nroduce =2cceptable results. A
plug was nlaced in the bottom of the tube, the tube wzs
filled with distilled water above the valve, and the
temperature was tzken. The chart and ven were oriented

and the telescope set with the cross hair at the top cf

) e

the plug. The valve wzs closed, the charber was filled
to the reference mark with distilled water =nd the

sample w=s nlz2ced in the mixirg chemher znd coitated

for five =econds. The pluncer was removed, the valve

e

-
2%

Lde

znd the sccunu on of

csediment 2t the hrece of trhe tube wze fallowed hy the
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cross hair on the télescope. It is important to note
at this point that the settling of material‘in the
visual accumulation tube is water temperature denendent.
With a low Water temperature, the water is more viscous
and settling is slower, while the reverse is true with
a high water temperature. ‘ '
There however tend to be many disadvantages
with this method. For example:——'
1) material settles a2t the ton of the collecting
section and then the haterial settles again
as it orocedes down this section. Thus, the
settling distribution of the materizl is
disturbed; there is a time lag in settli;g due
to this double settling, 2nd the correct
result of settling is not obtzined. This
double settling indicates that the tube is too
small for the samvnle and the semple should be run
again, with less merterisl. This last result
caused in many cases a reversal in the sedirent
percentage trend between +2.5 ﬁ and +3.0 #.
2) air bubbles in the colurn cause the material
to be carried up the tube‘and csettling is
again disturbed.
f the valve is nct onened wide enoush, the
drum will not becin to move =2nd the settling of

the esmn’e czn not be recorded.

L) there is 2 m=jor problem in keenine the cross



hair on the telescope even with the topo of the
settling sediment, and this affects the results
plotted on the chart. It is virtuvally impossiblé
to keep up with well sorted materiel sincg it
settles guickly at one interv=1l.

5) sediment coarser than 0.0 phi can not be measured
by this method.

6) with the throwing of the valve, an eddy may be
caused by the felling water, end the settling
of sediment is disturbed, cince the materizl
is again éut into suspension.

7) some of the original material is verv fine
grained, thus taking longer to settle, and it
can-not be fecorded, gsince the drum records

material settling for just over three minutes.

It should be noted here that both results
obtained by sieving znd the visual gccumulation tube
“are devendent on the splittine method. By using the
splitter vroperlv, a2 sediment sample should be ecuzlly
divided. However, the sediment mav not be divided
equally and this unecgual division will influence the
results obtained by both methods. Tn ny aﬁalysis, this
vossible error is teken irto zccount.

With the d=2ta obtained from sieving 2nd the
visual 2ceuwrulation tuhe, individual vercents, and

curtul=ztive percerts were cnrlculated =nd nlotted =g

: . .
histogrsms =ond curul=tive curves, Orarhic meacyres
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presented on chart 5.2. These results were obtained
from sediments which were analyzed only once by each
method. For better accuracy, sediments should be
analyzéd twice to see if the same result is obtained
by the same method. Also, an improvement could be
made with respect to the chart on the settling column
drum. If the'intervals on this chart were % phi
infer&als, a more specific distribution of the sediment
could be obtained and sieving st % phi intervals could
be used as =z comparison.

In conclusion, the results obtzined by the
settling columﬁ (visual accumulafion) method and the
sieving method approximated eech other. -

Because of the large amount of sediment to be
analyzed frombthe Burlington Beéach, 2 wide distribution
of size clesses and =2n analysis of the total sediment
needed, the sieving method wa2s chosen. Sieves were
generally nested in % phi intervals from -2.0 g to
+4.0 #, but at various times, the nesting of the sieves
was modified to rznge from -5.0 F to +4.5 .

The samples were dried in the oven 2t 120 C for
approximately twenty - four hours, split into fractions
weighing fifty tc seventy gr-ms using the dividérs, and
sieved for ten minutes on the mechanic2l shaker. This

tire interv2l wzs thought to he cuitable for the

o v=rious cizes. The

differentiation of sediment in

~
(—’-

contents ¢f erch sieve wage weished to one one-hundredih
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SAVPLE VETHOD HISTOGRAM CUMULATIVE
. (%)
mode mean standzard
deviation

1 sieve 2.5 48 2.43 4 - %30
tube 3.0 8 2.52 8 .60

2 : sieve 2.5 8 2.33 4 <30
tube 3.0 8 2.52 & .26

3 sieve 2.5 8 2.4 4 «31
tube 2.5 8 2.L3 @ .51

L . sieve 2.5 # 1.30 & 1.18
tube 2.5 1.2 8 Y

5 sieve 2.5 1.46 ¢ 7l
tube 1.0 @ 1.37 8 57

6 sieve 2.0 8 1.53 4 .77
tube 2.5 4 1,07 & .72

7 sieve -1.0 4 .10 g . 7L
tube 5 g A3 g .26

8 sieve 1.5 @2 1.0 # A3
- tube 2.0 4 1.33 4 43

SE = P S m \ 2 &
ve nnd Visuzl 2ccurulztion Comnarisann,
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of a gram, and the content of the pan, which usually -
represented less than one percent of the total sample,
wes considered as insignificant in the determination of

the overall sediment size distribution pattern.

5.4 Statistical Analysis

Statistical analysis of the sieved szmples was
carried out with the use of a compﬁter program modified
from a Woods Hole Oceanogr=vphic Institute progrem
A-written by D. R. Ingram in April 19€8. This progremn,
using the weight vercent of each size fraction of the
sample, plotted a histogram and cumulative pércentage
curve, and ctalculated the main centrzl tendency ;easures
-- mode, mez2n, median, standard deviztion, skewness,
kurtosis and the coefficient of sortine. This data
has in part been portrayed as grzphic displays of
sediment across 2nd along the be=ach, 2nd in bivariate
plots. Only the mean, from which size determination
can be made using the Udden-Weniworth grede scale,. the
standard deviation, from which the degree of sortine
Ean be obtained using the Folk a2nd Ward (1957) sorting
sca2le and skewness, which is environmentally significant
(Friedman, 1967) were useful for sediﬁent interpretation.
Kurtosis, the measure of peskedness wzs ignored, since
it is not>geologically significant.

fopendiv 1 contains =211 the outout databfof

the sediments 2nalvzed durine the three samnlineg norinde,
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5.5 Interpretation of Results

The sediment size distributicn studied on
the Burlington Beach showed a large range of Qariability
over the three month study period. In June, August and
September, sediment sizes were noted to vary from |
-3.1 4 to +2.2 g. -2.2.f to +2.3 f and -3.5 F to +2.2 @
resvectively, and encompass large sediment ranges of
»5.4 o 4.5 F and 5.7 #. In all csses, the finest sized
material was located on the northern side of the canel
in the foreshore zone at orofiles 2 or 3, while the
coarsest material was loc=2ted on the southern side of
the canal in the near-nearshore zoné at either vorofile
? or 8. Generally, sediment size apngared to coarsen
with distance from the cansal.

THe degree of sorting also varied considerably
on the Burlington Beach during the three month study
veriod. In June, August and September, the degree of
sorting was noted to vary from 1.9 # to .4 4, 2.3 @
to .4 4 and 2.3 @ to .4 @ respectively while the range
of the degree of.sorting varied from 1.5 ﬁ to 1.9 ¢
over this period. In 211 cases, the hest sorted
materizl wes located on the northern side of the canal
in the forechore zone 2t vrofile 2 or 3, while the voor-
est degsree of sortins was noted 2t the vrofiles
farthest from the can=1 =t the extremities of the

positinng == the herm snd the bhottomr of the sten.
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Site and Profile Vafiation
Profile 1

The samples taken from the five sampling
positions over the four month veriod varied in grgin
size from medium sand (+1.6 ) to vebdbles (+2.1 f).
The coarsest material at all three sazmoling times was
located in the nesrshore zone at the stev bottom, while
the finest material‘wes found at various posiiions in
the foreshore zone. Site. trends show that the sediment
sampled at the berm and the swashlimit had cozarsened
noticeably over the second half of the study neriod,
while the material located at the three remaining sites
-- the waterline and the steo too znd 5ottom had
coarsened during the first hzlf of this period. With
this increase in sediment size, there was 2 distinct
decrezse in the degree of sorting, exceot =2t the bherm,
where no definite sorting trend existed.

The sediment end sorting pnatterns across the
" beach during the June and Avgust sampline veriods

showed a general lakeward increase in sediment size and.

107

a corresvonding decrease in the desree of sorting. This

trend was divided into two specific lakeward decreasing
trends -- one from the berm to the swashlirit, and the
second from the waterline to the sten hottom. During
the September sampling veriod, only the second svecific
trend remained constant, while the first trend showed

a complete reverszl to that formerly esteblished.
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Profile 2

Over the study veriod, a very small range of
sediment, medium (+1.5 #) to fine (+2.3 F) sand, existed
at this'profile. At all three sgmpling times, the
coarsest material was found at variou§ sites in the
nearshoré zone, while the finest material was constantly

found in the foreshore zone at the berm. Site trends

showed that over the study period there wzs a renerszl

)

cycliczl pattern with respect to sediment size. The

(

sediment became finer grained by the end of the first
half of the study veriod, znd then coarsened to a similer
pattern displayed by the June saﬁples. This pattern
appeared to be establjshed due fo the presence of a
sediment transvort eddy system in the area nor{h of the
canal (Fig. 5.3). The accompanying sortine trend does
not show this cyclical pattern, except at the waterline,
Only at the berm does this vpattern show the exvected de-
crease in the degree of Sorting with an increase in grain
size.

A similar coarsening in sediment size lakewzard
is'noted'acroés the beach during the three sampling
periods. This trend is =ccompanied in June by the
expected decrease in the degcree of sorting lakeﬁard:
however, a reversal of this trénd wee noted during the

Auzust a2nd Sevtember sz2mvling period.

Profile. 3
A

sr2ll vari=tion within the c2nd fraction,






fine (+2.2 #) to coarse (+.01 @) grained, is chzracteris-
tic of the sediment size distribution found at this
oprofile over the study period. The coarsest sand
fractio;s were generally found in the nearshore zone at
various sites,lwhile the fine grain fractions were
confined to either the swashlimit or the berm. Site
analysis showed that a cycliéal pattern, influenced by
the eddy system in the area north of the canal, existed
at the swashlimit, waterline and stev ton. The

sedirent taken from the extremities of the site locations
-=- the berm 2nd the step bottom, did not conform'to

this cycliczl pattern, but became finer grained over the
étudy period. The sorting trends at 211 five sites
showed the expected decrease in the degree cof sqrting
with the coarsening of sediment, and, over the four
month study veriod, 2ll the sites gradually showed 2
higher degree of sorting.

' The sediment'and'sorting vatterns acrcss the
beach during the four month study period showed consid=-
erablé variaztion. Generally, a coarsenins of sediment
size lakew2rd, accompanied by a similar decreasing
degree of sorting was noted during June and August.
During the month of Sevptember, onlv the sedimen{ trend
is reversed, such that now the sediment coarsens lake-
ward. +{he sorting degree was anoma2lous with resvect to

the expected trend during Sentember,
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Profile 4 i ' -

The sediment sampled at profile 4, over the
veriod of four months, varied in size from very coarse
(-9 #) to medium (+1.5 #) sand. The coarsest sand ’
was found during the study veriod in the nearshore zone
at various sites, while the finest material was located
at various sites in the foreshore zone. Site trends
showed that the sediment located at the berm and swash-
limit.coarsenéd noticeably throughout the anzlysis
veriod, while the meterial a2t the remaining three sites'
~- the waterline and step top 2and bottom became finer
grained. The site sorting trends showed no correlation
with sediment size, but became vrogressively vcorer
sorted.

The sédiment trends across the bezch during the
June and Septemher samoline veriods showed a gener=l

lakeward increzse in sediment size. This trend can be

’

divided into two zones -- the foreshore zone 2nd the
nearshore zone in which minor varying svecific trends
could be notéd. The expected sortineg trend, with resnect
to sediment size, only existed in the foreshore zone
during June, and the nearshore zone during September,
while the remaining zones were anom=2lous to the exvected
pattern. The anomalous trend may be due to the influence
that the sediment discharged from the ca2nzl had on this

'nrofile.
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Profile 5

Over the four month study neriod, sediment
size at this profile varied from medium sand (+1.3 #)
to granular (-1.7 #) material. At all three sampling
.periods, the cozrsest material was located at the step
top in the nearshore zone, while the finest material was
noted to exist at varying sites throughout the feoreshore
zone. According to site analysis; the material located
at the berm, swashlimit and step bottom coarsened; the
material at the waterline became finer; and, the material
at the step top showed a2 cycliczl v2ttern over the fcur
month study veriod. Accompanying these various trends
was a veriable sorting pattern which existed irrespective
of sediment size.

The sediment and sorting patterns across the
beach during the four month study period showed &
general lakeward incresse in sediment size and 2
corresponding decrease in the degree of sorting. These
patterns were only modified by variations of the

established specific trends within the general trend.

Profile 6

A wide variation of erain sizes, medium.sand
(+1.1 #) to vebble material (-3.0 #) w=c found over a
four month study veriod at this vorofile. Site 2nalysis
showed that the corrsest material w=s found at various

sites in the nearshore zone, with the excentioh of the



September study, when the coarsest material was located
at the berm. The finest materizl was found at various
~sites invthe foreshore zone. <The sediment located at
‘the step too remained constant over the study peripd,
while the material at the four remainingz sites coarsened.
Accompanying this increase in sediment size, except =zt
the berm and swashlimit, was a decrease in the degree of
sorting.

A genersl cosrsening in sediment size lazkeward,
accompanied by the expected lakewsrd decrezse in the
degree of sorting was noted across the beach durfng
the four month study veriod. Only slight modifications
of these general trends were noted to exist within the

encompassed specific trends.

Profile 7

The variation between medium sand (+0.4 #)
and pebble m=terial (-3.5 #) is characteristic of the
‘sediment found at this location over the study period.
The coarsest materisl wss found at 2ll three sampnling
times at verious locations in the nearshore zone, while
the finest m=terisl was loceted at various sites within
the foreshore zone. Site analysis showed that trends
varied consider=bly from site to site. Fecr example, the
material located 2t the berm and step bottom coarsened,

the sediment at the swzshlimit and waterline remained

constant, 2nd the material at the step top chowed =

‘
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cyclical trend over the study veriod. Thesce trends -
were accompanied by varying sorting trends which showed
that the coarser grazined material had 2 poorer degree
of sorting than the finer grained meferial.

The sediment and sorting vatterns across the
beach during the June and August sampling periods
showed a general increase in sediment size and a
co?responding decrease in tﬁe degreé of sorting iakeward.
During the Seoptember sampling period, a corvlete
reversal of both the sorting and - sediment trends was
noted. Again, slight modifications of these general
trends existed in one of the two svecific trends.

Pfofile 8 _ ]

Vedium sand (-0.6 #) to ovebble material (-2.9 #&)
characterized this vortion of the bezch over the four
month study period. Site enzlysis showed that the
coarsest material w2s found in the nearshore 2zone at
the bottom of the step, except during the Sevtember study
period, when the coarsest material w-s found at the berm.
Génerally. the finest grained material was found at
vérious sites in the foreshore zone, with the excevotion
of June when the finest material was found in the near-
shore zone =2t the sten ton. No consistent trends
existed a2t 2nv of the five sites. Inetezd, the sedimrent
2t the waterline znd sten tov coarsened, while the

material =t thes sten bottom became finer crained. The
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berm exhibited a cyclical pattern, while the swashlimit
Ashowed no distinct trend. As exvected, there existed a
wide variation in sorting trends which existed irrespec-
tive of sediment size.

During the June and September sampling periods,
similar eenersl sorting and sediment trends existed
across the beach. The degree of sorting decreased land-
ward, and the sediment size coarsenzd in the same
_direétion. The August samoling veriod, however, showed

a complete reversal of both these trends.

Profile 9

Tnis nrofile, over the four month study nericd
consisted of sediment verying in size from cozrse sand
(-1.0 @) to pebble materizal (-2.6 #). The coarsest
material was found a2t various sites within the near-
shore zone, while the finest materi=zl was found at
either the swashlimit, or the w2terline over the study
period. Site analysis showed that two distinct trends,
with regard to the sediment size 2nd the degree of
sérting existed. The sediment found at the swashlimit,
waterline and sten top had coarsened over the neriod,
while that loc~te? 2t the berm ond sten bottorm h=d 2
cyclie=zl m=ttern., Accomnanying there gediment trerds
vore 2ifreavent hut digtinet gsortine trends.
gortine shawed o cvelierl patiern a2t the hevr, swaghe

lirit 2nd waterlire, while o natterns were noted in



tHe nearshore zone.

Varieble trends across the beach were noted
?etween the three sampnling periods. During the June
and Augustvsamiling veriod, there wss 2 general increase
in sediment size lazkeward which was sccomvanied only
in August by the exvected decrease in the degree of
sorting lakeward. The degree in sortineg during June
decreased landward. Both sediment and sorting patterns
established in August had been completely reversed by

September.

Several similar =nd different sedimert and
softing trends were evident throughout the four month
veriod at various vrofiles. In June, 2 generzal
coarsening trend existed at most locations and was only
modified by one of the two svecific trends at orofiles
3, 4, 8 and ¢, During the August sa2mpling veriod, this
general lzkewsrd trend reme2ined constent, 2znd only
auring the final samrpling vericd was this trend reversed.
Modifications of this September trend by one of the
specific trends existed at profiles 1, 2, &, 5 asnd 6.
Accompanying these general sediment trends were sorting
trends which showed a2 similar varization =2t e=ch

sarpling neriod. In June, 211 the »nr~files showed 2

general l=kewsard decre2se in the degree of sortings,
excent for nne of the anecific trernds 21 vrofiles 2 =nAd

0, Thies gome trend is in evictance in fusust, evwrent

lad
foead
CON
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for one of the svecific trends at onrofiles 2 and 7.

A complete reversal of the general trend, excent =2t
profiles 3 and 7, and a2t one of the svecific trends at
profiles 4, 6 and 7 existed during the final sampling
period.

These trends showed a distinct correlation
between sorting and sediment size -- the coarser the
sediment, the poorer the degree of sorting. This
correlation was devendent on the comnetence of the
transporting redium. Ag the éompetence decreased, the
coarser fraction of the material in transvport was
devosited, and the remaining susnended material becsme
better sorted.

Sediment composition (size-wise) is determined
to a large extent by transvcort éyste%s -- wave 2nd
longshore currents, which themselves are govefned bv

wind conditions. These wind conditinns, in the 24 hours

i)
’—'l

rior to sazmpling, and during the sampling period were
observed in an attempt to correlate winds with sorting
and cediment size. Avparently, there was no correlztion
between these three factors, with resnect to‘trend
determination. 1If this were so, then similar trends,
instead of the reverse, should h2sve existed hetween

September and June, when winds blew 83.4% 2nd 100% of

the time from gimilar directione -- weet and south-weste.
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Regional Variation :

The statistics, mean and standard deviation
calculated for each site at the nine profileé on the
Burlington Beach were vlotted positionally in order to
determine trends which were otherwise obscurred in the
mass of data. These trends may also aid in the deter-
mination of vrocesses which were in existence along the
beaéh. These plots are shown in Fig. 5.4, and it should
be noted that the horizontal scale is nroportionél to
the distance between profile stations.

The plots show that there w2s a gener=l overzll
decrease in the size of sediment from profile 1 to
profile 9 at the top and bottom of the step, and at the
waterline. A few exceptions to this trend were noted
only at the ber¢ during the September studv, and at the
swashlimit during both June 2nd August. This general
trend when observed closely could be subdivided into 2
two component system -- that systéw defined hy the
stretch of beach from the czn=2l to profile 9, 2nd the
reverse system from the canal to profile 1.

Three distinct trends have been noted to exist
in this last reverse system -- that ofva coarsening
sediment trend to nrofile 1, that of no trend, and that
of a ceczrsening trend to the canzl. The first trend,
of 2 cozarsening of scdiment toward ovrofile 1, existed
durine the entire samplins neriod 2t the t-n of the ster,

durine the second h=l1f of the sarmpline pericd =2t the



step bottom, and during June and September at the
swashlimit and waterline resvectively. The second
trend -- no trend, was present during the entire
sampling period at the berm, and during June,'August;‘
and August and September, at the bottom of the step,'
the waterline and the swashlirit respectively. Only
once, at the waterline during the month of June did the
sediment coarsen towards the cenal.

The first component system, between the c#nal
and profile 9, showed a main trend of sediment coarsening
sOuthward. This was seen at all five sites, except 2t
the swashlimit during August, when the sediment coarsened
to the canal, and 2t the too ¢f the stev in June;—when .
no trend existed.

This variation in trends in oovnosite directions
from the canal has led to the suggestion that the sedi-
ment composing the twe component systems hzs originated
from different source areas. This is 2lso substantizted
by the fzct that the sediment on the north side of the
canal was finer erained, and showed less variabiligy
in sedimeqﬁsize except in August, and in June at the
step bottem, than the sediment located on the southern
side of the c=nal., These trends are shown in Fig. 5.5.

The rerionzl two corvonent system which
appeared to be influenced by different source areas was
2nalyzed by =z second way. The mezn of the five sites

was czlculated and nlotted for ezch of the nine orofila
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locations. From this plot (Fig. 4.6), the data for

the August and Seotember sampling periods shows a
distinct increzse in sediment size as distance from the
canél was increased, while the June period showed this
trend only on ﬁhe south side of the cznal. Again, two
separate source areas appeared to be suggested;

The regional degree of sorting showed that there
were a great many variable trends, but these trends
generally refleéted 2 decreace in sorting with a coarsen-
ing of sediment. Also, these trends reflected the
.influence that the differing sediment.size distrib
on either side of the canél had on the sorting svystem
-~ better sorting was present on the north side of the

cznal (Fig. 5.7).

Population.Distinction

Environrentally significant mement measures,
mean and standard devization, when corbined and plotted
~as bivariate plots may show disfinct environments.
These environments however may not be distinguished due
to the tyve of source material and its influence within

the system, or due to the influence of the vearying

processes over the beach svystem, .or both. For exarple,

[

in usines this nlot, the s2wmnled area ca2nnoct be assumred

to be influenced by just wave devrositional v»rocesses,
for sand distribution from a beach may 2152 bhe due to

other processes surh as winds,

i Tues,; wher nlcotted for the 3urlirctor

¢ “

he v-
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Beach, showed no distinct environments existed in June
and August. These vlots only showed that the north side
of the canal sediments were finer grained and better
sorted than the south cznal sediments. The variability
of wind conditions, and associated wave and longshore
conditions within 24 hours of sediment sampling may be
the cause of non-environmental distinction. The
bivariate plot for September hcwever does show two
distinct environments, when the sediment sampnled from
profile 1 wes considered as representative of a lecal
source. The two environments distinguished over
relatively constant 24 hour wind conditions were that

-

‘of the south cznal system and that of the north cznal

)]

svstem. This substantiates the regional trends which

*

susgested that two distinct environments caused by two

distinct source areas existed.

Long Term Chances

It is imvossible in the restricted veriod of
this study to view the long term changes in the
éurlington Beach system. A study done in 1971 (Bryce.
Egginton, and ¥Wilkins) concerning the veriability of

cediments on both sides of the cs2n=2l and the suggesticn

<

= : At o~ = £ 41 . | Y -t +
concerning the zffect of the conzl) Sreshwsters led to

the investigstion of 2 similar stu?y by this suther,
The s=~~lins scherme used by Bryce, Ess

wvaz dunlicated in the 1072 studyv.

pr

[N



syaqunu  3]dWweS

oz Gl .8 LI 9 S ¥ € e -l o 6 8 2. 9 ¢ ¥+ ¢
/
\ °
/ #N
21 A g \.,\ N,
26 ==* / /a\ //
YIIWINON ..\ \
.Hu“”\\.llﬁw“w“wﬁmno
///.\\\ 4 m
| _ . |eueo

&
C

@ S —

(77 o=

ol -

o0

O

meaen

o¢




Sediments analyzed for the north side of the
canal showed a distinct, similar trend over the yeearly
period. All these samples were fine grained.and
very well to well sorted. The sediments found at the
southern locations showed a wide variability in size
over the one year period, except at positions.3 and L,
where the sediments were similar in composition. The
1971 study showed that a2ll the samples consisted of
medium greined sand. This was just one grain size
coarser than the material found at the north ecide of
the cahal. The sediment in the 1972 study varied
considerably, from granule (-1.6 g) to'medium sand
.and thus varied greatly from the sediments on.the north
side of the canz2l. |

Environmental determination by the ol~tting

W]
oh

of environrentally significant parameters -- me=n 2nc
standard deviation, is shown in Fig. 5.1¢ . As
expected, two distinct environments on either side of
thg,canal existed. This fact also can be seen witﬁ
respect to the skewness values. The sediments located
at the north side of the canal had peositive skewness
values indicative of an seclian envircnment (Friedman,
196?); while most of the scuth canzl sediments were
negatively skewed, and were renresent=tive of 2 besch

environment.

)

Dver the neriod onf 2 vear, cediment choracier

varied differently with respect tn nositionesl loc=tion

1

L
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along the beach as did the characteristics of the
environment, specifically with respect to the south

side of the canzl.

5.6 Conclusions

After sieve and computer analysis of the. sediment
samples taken from the.Lake Onterio side of the Bar
was compnleted, an internretation.of the results showed
that a wide range ofbsediment size -- pebble to fine
sand existed on this beach during the study period.
Generally, the finest and best sorted materisl wss
located in the foreshore zone on the north side of the
canal at profiles 2 and 3, while the coarsest mzoterizl

was found in the nearshore zone on the south gide of

the canal at profiles 7 and 8. The poorest dezree of
sortinc was noted tn axist 2t the orofiles farthect

from the canal -- vprofiles 1 and 9..
Profile analysis showed that one gener=l sorting
and sediment trend usu2lly existed at each nprofile, and

fic trends.

[

that this trenéd contained twe simil

»
6 ]
"

nec
During June and August, sirilar lakeward coarsening
sedirent trends were present, while during the Sentember

study period, these trends were noted to have heen

chowed variable sgediment and sorting trends, and 2%

g s ; . ; -
three enecific prefiles, certrin effects influenced the
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established patterns. At profiles 2 and 3, cyeclicel
profile and site patterns existed due to the vresence
of a transvort eddy system which had established itself
on the north side of the cznal during certzin Der ods.
The system was probably influenced by the presence of
the canal. The cznal also influenced to some extent
the sediments at profile 4, for sediment output fronm
the Harbour =ide of the Bar usually drifted towards
the south. Both site and profile analysis showed that
generally with a decrease of sediment in grain size
‘there wes an incresaced desree of sorting.

A total view of the main sediment nzrameter

in

along Burlington Beach showed that there wes on overzll

increase in sediment size 2nd an accomveniing decreace

j>

le

[N
D
\J

in the degree cf scrting frem profile to prof

[N

Included in this overzll pattern were itwe specific
systems -- the system defined by Canzl South, and thzt
defined by Canal North. PBoth of these systems showed
"a coersening of sediment accomnznied by & decre=zse in
the degree of sorfing with 2 decressing dicsta from

the canal. These system trends both suggested +hc

possibility that there were two distinct source aress

devistion when nlotted on 2 biveriste nl~t onlv showed
the nresence nf ftwo dictinet environventzll. defined

- N - -
cvstere -- Canal North 2nd Canal S-~uth, Aurire the
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September study period. This confirmed the possibility
of two source arezs., The plots for June and August
both showed some mixing of the two defined systems.
Long term changes in the areas adjacent to the
canal showéd that the sediment at the back of the beach
on the north side of the canal remained relatively
constant over the one year study veriod, While the
sediment taken from the middle of fhe swash zone on the
south side of the canzl veried considerably, It was
expected thgt when the statistical v=oremeters -- me=n
and standard deviztion for both times z2nd zreas were
plotted on a bivarizte vlct, two distinct bezch
énvironments would be outlined. These environw;nts

éistinguished wind blown sediments from bezch sedirents,



CHAPTER 6
, A  THREE DIVENSIONAL STUDY OF

THE BURLINGTCN BEACH

6.1 Purpose of Core Analysis

Drill ecores are taken ac a means of obtzining
the three dimension?i asvect of a system which hezs
only been considered as a two dimensional svetem. It

is the purnosge of this chavnter to investigate the

nzture of beach sediments found in the three dirensional
system at Burlington Bar, and to see if these =sediments

varied through time. Variztion with resoect to time
may lead to inferences concerning the nrocesses
onerative on the exnosed heazch sedirents 2t =n<

particular period. Also, this chapter exemines the

ip]
m
fd
b
ct
)J-
o
=
N
=
Q,

internal beach structures, the cer
variation bhetween sedimentes t2ken fror two distinct
environments -- the foreshore, znd the nearshore, 2nd

the variztion ir geochemistry between the upper samvles

and bottom samples of the ccres.

6.2 Sampling Procedure
On December 14, 1972, @n atterp: to obt=in

four cores —-- two snzce e~uidicstent =2cress the eynosad
sl

Bzr surfzce znd two in the nerrshore zone on efther age
of the eynosed Bear wog urdervtslan, Thie ermnlirrs schers

139



however had to be modified since limitations of the
Beachcor eguivbment restricted its use to the foreshore
or nearshore zones of the beach. O0f the menv attemnts
to obtain cores in the resvective zones, only one
partial core wes obtained in the nearshore zone =t a
water depth of two feet on the north side of ‘the canal
at'Burlington Beach. The remaining cores which Weré
enalyzed, were obtained from the‘Canadé Centre for
Inland Waters (Burlington). Thece cores were collected
'voh Auygust 11, 1972 oﬁ the north.side of the csne2l on
Burlineten Beach 2t an elevation of avproximately cne
meter above lake level, and on October 24, 1972 off-
shore of Burlington Beéch in 2 water denth of -

aporoximately four meters on the north side of the

canal.,

Beachgor

Sediment cores were trken using the beachcor
equipment (plates 6.1, 6.2, 2nd 6.3) supolied by the
Canada Centre fof Inland Waters. The whele beschcer
éystem was dépéﬁdent on the nresence of water for its
overation, therefore, sarples could only be taken in
the foreshore and nearshore zones. The inteke‘velvé
=nd attached hose, which was coennected to a purmp, was
nlaced in the weter about five to seven yvards frar

shore. Also sttreched to the numn wes 2 cecond hore

which w=< cornected to the ahaft of the heacherr =nd
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Plzte 6.

Plate 6.2 Beachcor



Plate 6.3 Beachcor




through which the water was channelled. The water

then flowed between the inner and outer shafts, and

the exerted pressure forced the beschcor into the
‘sediment. Before the entire coring orocess was begun,
a compressed vlastic liner was inserted into the inner
shaff of the beachcor. At the bottom of the inner
collecting shaft, a safety catch was attached such
that the sediment once it had been collected would be
securely held in the then extended n»lastic liner. Once
this system was in operation, another limitetion socon
became evident. The beachcor could not be used in
uncompacted sedimeﬁté‘which contained pebhle material,
for the pebbles c]ogged the opening at the bese of the
inner shaft, and this would noct allew the collection of
further sediment. Once the ccre hzd been collected
successfully, it was sealed 2nd vlzced in cold storage

until it was ready to be anz2lyzed.

€.3 Laboratory Procedure

Unon recover, the core wss radiogrsnhed by
an industrisl x-ray Unit_(Rukavine, 1967) such that the
internal structures of the core, which were otherwice
ohecured, could be revealed,

Each evecific subsection of the core we=s
deserihed in terrs of location within the cores, thick-
necs, co?ouf, strineture, nebble 2and oreanic content,
and presence or a2bsence of sulvhur cr ca2rbonate

» oy "
e torizd - 51 A s) Artorrineatian wea mmAdnyrteairan yieines 3
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same sieve method described in section 5.3, but the
material finer than 4.0 #, which was present in ver-
centages of 1% to 10.1%, wes treated as combined

silts and clays.

6.4 Statistical Analysis
Statistical analysis of the samples anzlyzed
from the cores was carried out using the comwputer

method described in section 5.4. This data obtzined

A

from this method «-

o)

articularly mezn and standard

deviation, had been disnlayed =< 2 bivearizte nlot,

655.Interpretetion cf Resuits

The charscteristics of esch core are general to
that cére, and therefore, each will be discussed
separately. |
Core 1

This core teken at Burlington Beach on the

north sicde of the canal, one meter sbove sea level,
consisted of sand size sediment which varied only
sliechtly in size within the fine fraction and hetween
the fine snd medium sized fracfions. This slicht
vari?tich suggests that similar environments existed
durine the neriod of demosition of the meterizl found

in the core. A distinct

o}
D

creace in the degresz of
gorting wzs noted between *he ton and the boittom of the

core, 2nd sugrecied that the sediment hzsd been denosited

H
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faster during the exposure veriod of the sediment 2t the
base of the core than during later exvosed accumulstive
periods, 6r, wind or water winrnowing had not had a
chance tc sort the materizl. Only once, at devths
between_27.4 and 33.9 cms. did skewness suggest the
possible existence of wind blown sediments. 'Ali the
remaining skewness values were neg=tively skewed and
suggesfive of 2 beach environmenf. The colour of the
sediment becsme darker, and the abundance of veb-les
became greater towards the base.of the core. All the
sampled sections of the core contained c=2rbcnate and
sulvhur materizl, while other features such 25 wood
fragments, tree berk, shells, concentretions of dark
material, clay pockets 2nd plant roots were disnersed
throughout various sections of the core. Three distinct
types of laminations were observed from the radiograoh
of this core. Between 21.5 and 26.3 cms. rinvle
~laminations were emphzsized by concentrations of heavy
minerals, diffuse laminetiéns were vresent at depths
between 33.9 and 42.5 cms., 2nd finallv, disturbed
laminations were present between 42.8 and 49.1 cms.

below the top of the core.

Core 2

This core, tzken just north of the c=n=1 on the

Burlinrton Rezah in 2 denth of water of four meters,

consiated of mainly verv fine gand, with the excantion



of the sedirent lccated 2t a depth between 28.1 and

32.2 cms., which was fine grained. This similerity in
sediment througshout the core is suggestive of similar
~depositional environments. Yowards the bese of the
core; the decree of sortins decreased, but a2t the base
of the core, the sediment becéme better sorted. <These
degrees of sorting sugesest that winnowing orocesses had
been more active on the sediments denosited in the uvver
portion of the core. All the s=2mples hzve negative
skewness values which are indicative of 2 bezch

environment, and contain carhon2te materisl. Vost of

2,
e

19

D
ot

the samples also were homogeneous in sedirment composition,

a

rse

0

0]
o
kY

but a few clay pockets, pebbles, and b=

o

co

)

e

he secdiwent. The

ct

material were distributed throughout
colour of the sediment was noted to-vary between the

_top and the bettom of the core, while sulnhur materizl

was only noted to exist in the toonmost samnle. Ienticul=ar
clay‘lamiﬁa and rionle =and cross laminations were

evident throughout the core from the radicer-vhs =2nd

were generz2lly outlined by coarser msteriel.

Core 3

Core 3, taken in the same generz2l locetion 2=
core 1, ccngisted of sand sized materizl which wss
medium grzined at the ton of the core, =2nd then alter-
nated with denth in sections of}v=ry fine znd fine s2nd.
Org-nic materizl, in itwo distinct l=yere wse z2lc0 noted

=t denths between LS8 to 50,5 cme. snd 46,0 t¢ 76.0
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cms. This variafion in material sugsest a change hed
occurred in the dencsitional environments over time,
such that during specific periods, a stagrant devositional
area, indicated by the organié wfterial, nrotebly

existed. Within the sand sectiﬁﬁs of this core, the
degree of sorting -- wel]lto moder=tely well, sugsested
that similar nperative vrocesses existed during the
denosition of the sznd material. All the skewness

values, evcept th?f colcul=ated 2t denths hetween 5C.0

to 62.5 cms., were negativelv skewed and succestive of

a beach environrment. The colouf'of the sediment
varied throughout the core from that of bleek to
medium 2nd licht brown, and in plahes, bandes of derk

heavy minersls rutlined the loaminstior

denpth). A1l the sectionzs nf the core corntesined sore

Taken 2t Burlinoten Besch, iust north of the

csnal 2t 2 wester Adenth ~f A retere

s Thig cnro consicsted

of eediment whish veriad thraushaut the core fror

redivr ¥ goeres eand: Algo, three dietirct orerric
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y
iayers located between 10.0 to 11,0 cms, 22.0 to 23.5
ems., and 32.0 to 33.5.cms; depth were present. The
variation in the material found in this core sugrests F
that d{stinctly different environments existed during
depositional history. Again, the vpresence of orgznic
materieal sugéested that stagnant water or marshy.
conditions ex;sted for three short periods. The degree
of sorting of the saznd fractions as expected varied
throughout the core, and generally, the cosrser gr=ined
sediments éhowed the vpoorest dégree of sorting. At 211
depths excevrt bastween 28.0 to 32.0 cms., skewness was
indicative of 2 beach environment since 211 the v2lues

were negz2tive, Throughout this core, sedime

3
s
o)
Q
1._1
o)
o
=

varied from black to d=rk and light brown, csrhonz2te 2nd
sulphur materizl were present, 2and the concentraticns

of orgenic mstter, pebbles znd shells varied consider-
2bly. Only in the lower hzlf of the core were diffucse

lamin=tions »resent.

Ccre 5

This core, taken in the s#me location 28 core
1, aoneared to be n=rt of 2 core ta=ken at deoth. It
consisted of 2 small varizbility of sediment in t}

sard frzction which sugrested that similsr nrocecces
were effective during depositionsl histnry, ‘ihe
degree of snrting »lan suhsiznii=ated thi- guscestincn,

ine de«*“’”’lx i well to rodorately well sorted; =nd



only very.slightly decreased in degree towards the core
bottom. Within this core,-all the skewness values

were negative, indicztive of a beach environment; =211 ’
the medium brown sand sections contz2ined carhonate

and sulphur material; and in ench of these sections,
ripple laminations were emohasized by dark hesvyv minerals.
Towards the bottom of the core, the méterial didn't
appear.es homogeneous as it was ét the core too, 2nd
vebbles 2nd lavers of organic matter ha” been incor-

porated into the sediment.

Foreshore Sediments

The .cores taken in'the foreshore zone ndorth of
the canal on Burlington Besch showed a veriesbility in
sediment size from very fine to medium sand. No
diétinct layers could be correlzted from core to core,

but generally, it could be stated that overatiwv:e

n
<
D
v
(@]
o

processes h=2ve heen similsr over the nast

-
ct

nrrational
age, with the excevntion in onlaces of conditi~ns, most
likely stagnznt water, which led to the genera*tion of
drganic,layeré. On the bivariate nlot, most of the
oresently defined foreshore cores fell within the s2me
environrentzlly defined range, with the excepotion of

one woint, from the bese of core one, which fell within

the arez defined by the nezrshore cores.
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Nearshore Sediments

According to the bivariate plot, the presently
defined nearshore sediments are representative of
totally distinct environments. Yhe characteristics
previously defined for core 4 2nd core 2 can not be
correlatéd to 2ny degrée, thus it-may be stated that

completely different process factors were overstive

durine the vpast formational veriod zt both core locztions.

6.6 Mineralogy
The sediments of the cores when observed

under the binocular microscooe showed similar minersl-

ogical components. The main minerzls neted were
calcite, muscovite, biotite, chert, sphene, hornhience,

potash.feidspar, plaginclizse, auertz 2nd olivine. Ales,
granitic rock fresements, sedimentary rock freements -~
predominantly shales and Cerbqnates, and soﬁe rock
freements which exhibited & schistose nature were
oresent. Most of these minerals and rock fragments were
present in the analvzed core sediments, 2nd only varied

in abundznce from szmple to semple.

6.7 Element Analysis
Laborztory Procedure

Samples collected from the tov and the bottom
of the cores were used for element arslveis in 2n.

stternt to deterrine if there sempnles veried cengider-

R



ably in composition. Hewever, before each samnle could
be analvzed, the fraction of the sedirent finer than
+ 025

S

%)

m

.

2.5 f had to be mived with graphite (containin
The sample

Pd) in a 1:1 ratioc in an agate mortar.

was then nzcked to the top of a gravhite electrcde
A *four mm.. arc gap

and placed in the svectrogranoh.

existed between the vointed upper grevhite electrode
The szrple

and the electrode containing the samnle.
was then arced for €0 seconds, durins which time the

spectra, between 2200 A and L80C A, was recorded on

camerz plates.
ermined

Interpretation of Results
The main elements which could be det

o
2
[N
-

=

from the spectrogrmvh method of analysis were eilicsn,
i, titanium,

magnewium, iron, zlurinum, s

manganese,
etrontium, b

vanadium, calcium, molybdenur,

t+

carbon.” These elerents varied

y of elerments within esch ceore wees of

the varizbilit
interest, each core will be discuscsed separately.

. Ccre 1
Cnly the cediment samrrle z2nelvyrzed by the
spectrogranh for the core hace could be ugsed, for the
t taken from the core tor

aarmle run fror the cedimen
2 From tThe cedirn
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Core 1 -~ Bzse

1000 1000 1000-100 100 100
Si, ¥n, Ca Sr, Ba, C
Vg, Fe, :

Al, Na,
T3, V

Core 2 -~ Top

1000 1000 1000-100 100 100
Si, Mg, Ca Ti, Sr, c
Fe, Al, Ba,

Mo, Na, .
an, V
Core 2 -~ Bcttom

1000 1000 1000-100 100 100
Si' I“i.lg. Ca A‘i, SI‘, C
Fe, Al, Ba,

I\‘}O, Na’
Vn, V
Core 3 -- Top

1000 1000 1000-1¢C0 100 1CO0
Si, Mn, Ca Sy, Ba . c
Mg, Fe,

Al s NE ’
Ti, V

Chart 6.1 Element anslvsis



Core 3 -- Bottom

100

Mo, Na,

1000 1000 1000-100 100
Si, Mg, Ca Ba g
F¥n, Fe,

Al, N=2,
i, 8Sr,
VO
Core 4 —- Top

1000 1000 1000-1C0 100 100
8i, g, Ca Ba #
Fe, A1, Sr
Mo, Na,

Ti, Mn,
v -
Core 4 -- Bottom

10C0 1000 1000-100 100 100
By Ve, Ca - Mn, Sr Cu s
Fe, Al, T3
Mo, Na,

V'
Core 5 -- top

1000 1000 1000-100 100 100
' Si, Fg, Ca ¥n, Sr, C

Fe, 21, Ba

Chart A,1 continued
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Core 5 -- Bottom

>1000 1000 1000-100 100 <100
Si, Mn, Ca, Cu C
Fe, A1, ¥e,
Vo, Ne, 5 o
Ti, V,
Ba,

Chert £.1 eontirusd

(==Y
ON
N



wzs destroved. As shown on chart 6.1, most of the
main elerents were onresent in a2mountsof greater than
1000 prm., while only calcium, magnesium and carbon

were present in smaller amounts. '

Cdre 2 .

Both samples anzlyzed from core two showed
no element variztion with reséecf to location within
the core. Silica, magnesium, iron, aluminium, molyb-
denum, sodium, manganese and vanadium were vpresent in
amounts greater than 1000 ppm., while czlcium was
present in amounts of 1000 ppm. The remaining elements
-- titanium, strontium, barium and carbon were present

in emounts smzller than this.

Core 3

The element zna2lysis for core 3 showed that
gsimilar elements in similar percentsges were vnresent
in the samoles t=ken from the core ton and bottom.
Only the amount of strontium varieé between the two
locations. In the core bottom sample, the amount of
strontium had increzsed considerablv. Those elements
which were presentlin amounts of grester thazn 1000 norm.
were silica, msenesiur, m2ansanesce, iron, ~lurinium,
sodium, titenium 2nd varadiun, Crlecium, bharium and

ceroon were nrecent in sraller smounta,



Core 4

Befween the too of core I and the base of this
core, there wss a substantial decrease in the amount of
.manganeée, stronfium and titanium, and the loss of the
element barium. In the bottom sample, a small amount
of copper wes noted. Other than these chznzes, the
remaining elements were vresent in similar amounts

(chzart 6.1).

Core 5

This core showed the srestest element
varisbility with resneét to location within the core.
The sediment semple taken frcm the base of the cere

showed an increase in »nm. of m=znganese, titanium =znd

)]
S
@

barivm. Yhere w2s 2lso the introduction of three

jo7)

was a2 slight decrerse in the arount of mermesium., Zesides
these locational varistions, the remz2ining elerents

not mentioned remained in constaent amountse

6.8 Conclusions

The sediments found in the cores gensrally
showed a small variation in size -- very coarse to
very fine s=2nd being the sediment rznge encomnassed
over all the cores. 7This small varistion suegrests
thet similar denositional envirorments existed over

the historical »eriod during which the sedid
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deposited. The onl& excevption to this statement w=s
the lavers of organic material which sugeested that the
devositional environment hed chenged etAtimes during
.the historical veriod, and vpossibly stagnent water
conditions or a trensgression had occurred to facilitate
the develooment of this‘organic layer. Most of thé
sediment was characteristic of a be=ch environment,
being negatively skewed, while only one or two sectioné
of the core cshowed vositive skewness values which
suggested wind devosited sediments. Eéch core showed
minror features such 2s bark, tree fragments, vnebhles,
shells, carbonate and sulphur material intersvercsed
thfoughout the core. Also, three main tyves of "
structural features -- ripvvle, diffuse =2nd parzllel
lamin=tions were evident in n=rt of each core.

Statistical measures, esvecially mean and
standard deviztion when vnlotted on a bivarizte vlot,
showed tha2t the ccres were revresentatives of three
distinct environments.- Cores 1, 3 2nd 5 were
representative of 2 distinct environment which was
assumed to he that of the foreshore, since 2ll -thece
cores were taken in thzt environment. The cores
taken in the nearshore zone, cores 2,snd L, however
showed two senzrate ernvironrents,

The mzin elemente which were evpected tn be
present in thg minerals of the be=zch sznd, ¢

iron, menganese, masnesiur, 2luminium, sodium, vonadiur,
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and calcium were gener-lly present in amounts of 1000
pom. 2nd gre=2ter. VMinor amounts of carbon, beriur,
strontium and titenium were 2l1lso nresent in the
Burlihéton Beach sediment. A comparison of the amounts
of elements with respect to their locétion in the core

showed that s great degree of variation generally did

not occur between the too and the bottom of the core.



CHAPTER 7

CONCIL.USICNS

This neper has pointed out thzt Burlington
Bar wae formed by thé growth of two consecutive spits
from the north and south headlends during the nericd of
history described as the Izke Cntrrio Stage. The rain

procecsses which influenced bar gsrowth were the dorminant

easterly winds .and storms which generated wsves and a

into the areaz, 2nd zided in the building of the crits

2bove ges level. Finelly, the soits were joined, =n? the

zyhead bar, as we now gee the Burlington Ber, wes

Q.

forre

b
D
o}

Processes relatively aimilar 40 thnese which

DR
G
Qa

to the buildire of the ba2r exist teday. Veterizl ern

-.h
e
m

from hoth the north z2nd scuth chores of Jake Ont=

trens

J3

certed wunder cerplirentery wind, wave and lorgshore

trensnort conditisns towsrds the h=2r, Winds dlowine from
the nor*th, nerth-~east, east, and south-ezst gener=ate ihe

waves which =ffect the Iave Ontario hezch side of the

P

ficant

e
(3

Burlington B2r. Since the nercent=re nf sicgni

wird speeds is rinor, the majority of senerated wesves

A 5 4 . & p -

have meviode which are lesa than two seconds, ond
. . {11

heirhts which 2re lesc thar %wo feet., theese wave

cenditions leaad to = cradusl chanre iv hzr mornholnsy

-= # gradual build un of the haezch.  Onlv on & few
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occesions durine the surmer 2nd f211 months, did winds
Pener1+e destructive waves which led to a ravnid chence
in beach mormhology by a2 dovncombirg of the beach.
Observstions of vrofiles showed tpét each vrofile varied

tio

)..u.

with respect to svecific areas of erosion and depos
but most of the orofiles were builf uo at the back of
the beach and,‘with a few exceontions, extended lakeward.
One possible csuse of this lzkeward erowth was a

definite decrease in lzke level over the study veriod.:
Veriability of wave conditions z2lso led to a2 chsnre in
foreshore 2nd nearcshore sediment size cover the study

period. The sediment size across the beach zenerzlly

L

showved 2 co2rseninz trend lskewzrd during June zn

August, with verious excevntions czused by 2 reversel of

b

1 G4

oreof the specific trends encomnassed hv the ganers

trend. During Sentermber, the gener=l trend ghowed =

-

comvlete revers2l -- there wnes 2 coarcsening of sediment

gize l2ndward. All thrce trends were usnally

v

accompenied by 2 sorting trend which becrme noorer with

ion 2lcong the beach, there was a2 general decresce in

0]

ediment size from profile 1 to profile ©O.
In order to understand at leas®t in nart, the
orocesses which occurred in the nast

anAlyzed =znd fror this 2nslveis, three distine”

envirormerts were noted to exict. In 2 few of tha cores,
crc=anic ratter, characterictiec nf either trronseracsive
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or ste2gnent waters existed and disruoted the relatively
st=ble conditions during which the materizal found in
the cores was devosited.

It can be st=ted that the Burlington Bar and’
Beach were formed under varying processes and resnonses
which apoear to have been similar over the modern stage

of development.



The following recorded data is the moment -
measure output data from the comouter vnrosram for the
three short term szmpling reriods -- Juné b, August 5,
and September 1€, 1972, and fqr the long term szmpling
neriod -- November 1071 and November 1072, Profile
nurbers refer to the profile st=2tisns shown on Fig, 4.1,
while sites &, B,.C, D, 2nd E recresent the boticr ~f

the step, steo top, waterline, swashlimit 2nd berm

m

sampling sites respectively,
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"JUNE
PROFILE SITE MEAN STANDARD SKEWNESS KURTOSIS SORTING
- DEVIATION COEFFIC-
- IENT
9 A - = . ~ -
B -1.10 .68 .58 ' 2.68 35.67
c ~e18 1:13 .34 .02 . 14,97
D -.08 .79 .21 1.0 27.20
B .33 1.36 .16 1.23 16,71
8 A -1.41 1.86 o 24 - =465 15,52
B -.61 1.39 . oP2 ~.55 17,51
c - .83 1,18 1.18 1.02 20,05
D -.73 1.11 1.17 .28 20,40
E -2.89 1.90 .59 -1,02 45,75
7 A «1s15 1.58 67 -.63 12.07
B -3.06 1.06 61 -1 32,4
C = G2 .93 .03 LG5 23.30
D wis 11 1.35 .10 S¥apl 10.83
E 1.40 ¢ 50 - 10 « 16 35,17
6 A -s73 1.21 Lo e 12 17; 92
B -1.00 .95 1.52 2,67 26,37
g .03 .98 . 3h w27 19,45
D A7 1.03 -.29 - 02 18,33
E l.14 6L ~-.21 w28 30.9%
5 A .53 1.03 - 20 -1.18 9.80
3 -.65 1.14 1.26 1.53 21,33
C «e 11 1.14 .06 .09 23,04
D BE 1.33 ~.18 -1,2? 13,851
1 1,29 A3 .07 ~e 50 25.26



PROFILE

AWY)

H O Q w » @ O W P>t g w o = U Q w »

- SITE

MEAN

64

-0917

~.0u
1.12

1.96

J UNE

STANDARD
DEVIATICN

1.47
« 76

1.32

1.42
u2
1.16

.85

41
1.49.
.88

SKEWNESS

-.25
1l.55
24
-1.24
-.26
-.26

‘—1016

-e27
-1.69
~2438
-34
34

KURTCSIS

-1.41
4,60
-1.07
29

4o

.-1023

1.48

) o



AUCUST

PROFILE - SITE VEAN ; STANDARD SKEWNESS
NEVIATTION

9 A =5a 70 173 . 56
B -1,94 2«91 .16
C W 1 1.68 J11
D -.57 .87 57
E .79 b2 .22
8 A -2 20 2.02 .50
B -.98 1.83 14
C ‘— Ol 1.33 K6
D -.79 1.60 004
E 1.00 .52 -1,16
? A =176 1.92 16
8 ~-.0u 1.30 «55
3 ~1.00 .88 51
D .16 1.18 - b2
E Lo 2.08 -1.55
6 A -3k 1,43 -.15
B -1.19 1.54 .23
c -.62 1.16 =y 7
D =87 1.8L ~.30
E 1.13 72 )
5 A -5k 1.52 2
B ~1,%1 1.50 .00
C s 58 1.16 .21
D ~3417 1.11 . =30
B 1,00 .GR ~ 33

2.82
- 37
-.68
11
~e71

-« EB


http:JL!--.71

174

AUGUST
PROFILE SITE - FEON STANDARD SKEWNESS KURTOSIS SORTTIG
DEVIATION COZFFTC-
TENT
3 A .99 1.38 =14 08 +07 - 15.75
B .01 1.38 -.23  -.b6 11,89
c .63 .84 ~.30 e lG B2 60
D 1.43 48 ~.51 2.69 Wi, 26
E 1,84 .38 ~07  -.01 44,85
2 A L il s e s
B - i e = o ot e i
c 2,08 1 T .39 b, 31
D 2.2 il .23 .02 35.51
E 2.31 51 -2.68 10,18 50,48
1 A ~2,12 2,10 .01 ~.51 17.18
B ~1.18 1.07 .37 21,08 9.ul
c .08 1,47 -.08 1,22 10,60
D ~.99 2.25 . =405 -1.34 19,27
E 1,19 .72 -.01 2,82 22,36



SEPTENRER i

PROFILE  SITE VEAN STANDARD SKEWNESS KURTOSIS SORTTYrm
: DEVIATION COEFFIT-
IEKT

9 A -2.55 1.71 25 -1.30 20.38
B ~-1.84 1.31 24 -1,07 22,51
¢ -1.04 .90 o 26 .19 20.22
D -1.L0 28 .31 .28 25,43
E -1.79 P 35 -.28 25.10

8 A -2,16 1.01 27 L 16,04
B -2.10 1.47 07 -.14 17.2
3] -1.06 <77 .13 ~310 28,52
D ~1.71 .97 .88 .70 31,62
E -1.00 Telb7 «29 - 80 £,42

7 A -3.52 1.39 1.31 | 2.0 28.18
B ~1.97 1.30 .95 68 21,24
C -.36 1,56 .10 ~+87 0.%9
D ~-.85 2.19 . =420 ~1,26 7.81
E -.73 1.74 «37 -e77 D18

é A <1.77 1.69 1.0? -.01 19.03
B -1.50 77 .58 e 52 31,11
e -4 18 1.02 76 Lo 19,04
D - 40 1.30 : 21 -.78 1,84
E ~-2.95 1.82 1.4k 1.2L 24,02

5 A ~1.23 2.03 .13 ~.ol 12,29
B ~1+25 .78 - 27 2.50 3746
c <01 112 1.03 25 25, 7!
D -« 52 . 57 .85 3468 hp, ot
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‘- 1971 ' TONG THPM STUDY DATA . - 1972

STATTON MEAN STANDARD SKEWNESS  STATION MEAN - STANDARD SKEWNES
DEVIATION DEVIATION
SOUTH CANAT, : " _
1 (nearest canal) = 2.00 i - 0L 1 -]1:68 1.1k P
2 1.38 .76 » -.16 2 .30 1.65 .09
3 3061 080 -‘03“' 3 1.77 loOL" -1058
It 1.40 .48 -.00 g 1.67 .99 -1.L6
5 1089 077 "969 5 oe‘ll‘ ]o?? W.O9 .
A 1.08 .71 «s68 6 L8 1.29 -, 09
7 . 1.79 E0 -.1A 7 .76 1s27 -.15
Q 1071 .69 -.51',‘ R lc O? 10114‘ -.2“’
0 1493 . 56 - 67 o B2 l.41 - 20
10 (forthest from 2.13 77 - b7 10 1.36 1.13 -1.05
the c2nal) ‘
NORTH CANAT. :
11 (neazrest canal) 2el42 .28 .08 11 . 2.36 « 36 el
1? 9n31 . 0?9 ""07 12 203“‘ 036 "005
13 2,31 o oL 13 2.26 .36 : « 02
14 2.33 .29 - 01 14 223 037 .01
18 2433 s 34 -e?23 15 2.10 37 «05
1F 2438 «29 .01 16 2.27 40 .04
1'7 ?_059 037 033 1? 2019 039 "051
18 2.0 s 37 .10 18 2.28 " .36 02
10 T 2.32 s« 33 -.01 10 2.28 « 36 .03
20 (ferthest from 2.28 . 21 .02 20 : | 2:2%7 S0 ' -.05

the canal)

44T
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APPENDIX 2

Each core was znalyzed with respect to certain
characteristics -~ locatiocn in the core, colour,
sediment size, the presence of carboenate, sulphur and
organic matter, and the presence of shells, vpebbles

and tree bark., The following is the detzil 2d 2nalysis

of each core.

v

=3



Iocation

Thiskness

RN
Colour
Semnle
No~e
Median
Mesan
Strndard

doviation
Q], A ol Yala)
Kurtoais
Sarting
da i T
coefficient
Carheonates
Snlnhur
nhuy
Other

N.0-21.5 cms
21.5 cms
lirht to
medium brown
dark material
emnhasizing
ripple
Jeminations
12,0-16,0 cms
?.05

232

2+s2

i
-1.5
10,7

577

yes

yes

wood, bark,
shells,

DESCRIPTION OF CORE 1

21.5-26.3 cms
4,8 cms
medium brown
dark minerals
concentrated
in nockets

26.5-27.5 cms
1.0 cms
dark brown

26,5-27.5 cms
5, 8

2.2
2.2

I
-1.5
9.3
52.6
yes
ves

27.5=-33.9 cms
6,5 cms
dark brown

e

Ll We
D W

(I

0

concentration

33.9-44,9 cms
11.0 cme.

medium brown
concentrations
of dark minerals

F29s

6

0 cms

NN DO
L ]
Wloln =

clay pockets,

of dork matter wood fragments

along side of
core

-3
)
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Tocatinn
Thickreag

Colour

Srrnle

Mode

Nedicn

Meon

Q“f‘ 11'\»70%1‘]
/?mxrj m't'ln'n

C“uv mesa

arhona
Sul=hur
Cthar

DESCRIPITON OF CORE 1 (continued)

£52.3-55,0 ems 55,0-57.8 cms
2 7 oms 2.8 ems
red*uw hrown very dark
noeckets of .matter,
d rk matter dark brown
52.3=55,0 erms 56.,0-57.0 cms
?.5 2:5
23 2+9
2.4 2.8
0(‘ .8
-2 -.9
Ty 2.3
36,9 23.4
ves ves
ves yes

wood,

hark,

roots

57.8-83.,0 cms
25.2 cms

brown -—--
medium to dark

77.0-79.,0 cms.
2a
2
1

5
1
9
O «

5

= T N

D D e Ja

RN e W e
\O

c(‘

chale pebbles
wood, uhells,
qunwtg 'wnbh'l es
grndua] se dlment
size change in the
section of the core.

-



DESCRIPTION OF CORE 2 .
Tocation ~ 0.0-4,5cms lL,5-21.9 cms 21.9-28.9 cms 28,9-32.2 cms 32.2-35.3 35.3-53.7 cms,

CmsS.,
Thickness b,5 cms. 17.4 cme, 6.2 cms. 4,2 cms. 3.1 cmsa 18.4 cms.
Colour medium brown medium to medium brown, medium brown medium to light to
dark brown Aark : dark brown medium brown
laminations
I'nde 3.5 3.5 3e5 35 3¢5
Yedizn 3.4 s 3.3 3.2 3.3
Fean 3.3 3.3 3.3 249 33
Standard
deviation o4 05 05 1014‘ '5
Skewness -l -1.2 -9 -2l -5
Kurtosis oL Be7 3«8 Bl 1.1
Carting
comfficient  38.4 36.9 38.9 30.9 36.7
S=mnle 3.5-4.5 cms. 19,5-21.5 cems. 23,0-24.5 cms. 29.0-31.0 cms. 42,0-45.0 cms
C=rhonates yes ves ves yes yes
Sulohur ves —— g : p—— -
thar : homogeneous clay vockets, homogeneous nebbles, clay clay’ homogeneous
oobhlp 3, bands nockets pockets

of coarser
material



DF >CRIPTICN OF CORE 3

0-26h cms.
26,0 cme
medium brown

Location

Thieknees

Coleur

26.0-02,0 eme  43,0-45,8 cms  45,8-50.5 cms  50.0-62.5 cms
17.0 cms 2.8 emrs L,7 cms 12,5 cms
medium brown dark brown medium to medium brown
heavy drrk organic layer, dark brown

materizsl wnod, shells,

outlining
ripples

Soarple 12.0-14,0 cm 29.0-32.0 cms L5,0-48,0 ecms 57.0-59.0 cms
Made 2:0 2+ 5 3:5 3.0
Mean 1.9 Eul G P 2e6

Standard

devintion A ol B o7

Shewneas ~-1l.1 -5 -.9 +43

Kurtosise T2 £e9 1.5 -ob ‘
Serhineg .

roefficient 51.9 50.8 355 9.8
Carbonates yes yes yes yes

Sulphur ves ves yes yes

Cther chells, organic matter, organic shells, clay
' pebhles cl2y mockets, matter pockets.

nﬁtheu, wood,

28T
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Incetion
Thickneas

Cnlonr

Semnle
Maode
Meodian
o mon
Starnd-rd
Aeviation
Slkovmeas
Kurtosic
: :
sortines
cnnfficlent
Carhonztes
Sulnhur

Qthers

cms
k brown

£2,5-56,0 cms

DESCRTPTTON OF CORE 3 (continued)

66.0-67.0 cms=
1.0 ers
hleck

nrganic layer; .

hich @ of tree
matter, bork,

clays,

76.,0-100,0 cms
2,0 ems.
mediumr brown



Iccation
Thickness
Colour

Samnle
Mode
VMedien
Veoon
Stondard
deviation
Skownees
Kurtogcis
Sorting
coefficient
Carhon=ztes
Sulnhur
Other

0.0—10.0 CmS.
10.0 cms
light brovwn

“6.0 Cmé

\WD 1 o=
o |Jde
O N
O

31.2

yes

yes
nebblegs,
bands of
organic
matter,
chells

DESCRIPTION OF CORE 4

10.0“1100 CmS
1.0 cms

black,

organic matter,

shaelle,

pebbles

11.,0-22.0 cms
11.0 cne
Jight brown

17.0-19.0 cms

23,5-28.0 cms
L.5 cms
dark brown

22.0-23.5 cms
1.5 cms

black,

organic matter,
wood, pebbles,

26.0-27.0 cms
2¢5
242

2.0

1 =

2

0
.1
h.1

W
ON

A
)

D ® D

i3 e
D O'mne
—c
[
0n o

O]

L]
oo 5

431
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Tocetion
Thickness
Colouvr

Samnle
Yode
Median
Mesn
Stondard
deviation
Skewness
Kurtoais
Sorting
coefficient
Carbonates
Sulonhur
Qther

DESCRTIPTION OF CORE 4 (continued)

28.0-32,0 cms 32.0-23.5 cms 33.5 to 40.0 cms

L,0 cms 1.5 cms 6.5 cms.

dark brown black medium brown
oreanic mattier,
shells,

29.0-31.0 cms 36,0-38.0 cms

2.5 2.5

-7 245

ed

1.8 .8

l“‘ -‘302

-1.5 13.8

17.1 L6, 9

ves - yes

yes yes

shells, shells, vebbles,

pebbles, ‘ ocreanic matter in

a layer.

—~



loceticon
Thickness
Colour

0-8.1 cms.
8.1 cms.
medium brown
dark bsnds
smprhasizing
ripples
500"'505 C’mS
?I5

|

262

ol

- 8

6.4’

51,2

ves

ves
hoerogeneous

DESCRIPTION OF CORE 5

8.1"1701'!’ cme
2.3 ems
medium brown
derk herAs
emphasizing
rinoles
12-15 emo
2.0

2.1

2.1

o5

o

h,8

46,8

yes

\le{"
homononpnu

17.4-30.6 cms

13.2 cms

medium brown

dark bands

emphasizing
Inhles

2' - ?2A.0

>

.1
2

N \J

.5

"'?.1
10.9

49,8
yes

ves
nebbles,
organic
material

30.6-39.0 cms
8.4 cms
medium brown
dark bands
emphasizing
r¢onlec

amall amount
of organic
material

9,0-41.,4 cms

2.4 cms

medium brown

dark bands
emphasizing
ripples

small layere of

organic mate

9

<

ric

GQT
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APPENDIX 3
Source of Figures. .
Fign ? 20 1 Kﬁr‘l"ow .> Po Fo s 1963.
Fig. 2.3 Hewitt, D. F. and Karrow, P. F., 1063,

Fig. 2.4 Dreinmenis, A., 1969,

Source of Cherts.
Chart 2.1 Hewitt, D. F. 2nd Kerrow, P. F., 1063,

Chart 2.2 IModified from drill core information
obtesined from the Hydro Electric Power
Commission of Ontario.

-

Chart 2.3 (same as chart 2,2)

Chart 4.3 Water level datz obtzined from the Czn=dz
Centre for Inland Waters, No2rine Sciences
Brench, Burlingston, 1072,
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