
BURLINGTON BAR AND BEACH 




BURI,INGTON BA.R AND BEACH 


by 

LYNN DEANNE FRAZER 

A 4B6 Rese2rch Paper 

Submitted to the Den2rtment of G~ofr~phy 

in Pa~tial Fulfi]~ent of the Renuire~ents 

for- the Degree 

Bachelor of Ar.ts 

McMaste~ University 

Apri1 1973 



Bf\CHEI.QR OF .~RTS ( 1q73) !'!Cf.fl\S'rER TJ!\!!. 1·'ERS IT~ 
(Geogr2phy 2nd Geology) H8miiton, Ont2rio 

TITLE: Burlfngton B2r· and Bc2ch 

AUTHOR: liynn De2rme Frazer 

SUPERVISOR: Dr. S. B. ~cCann 

SCOPE AND CONTENTS: 

This thesis exarrines a b2yhe2d bar in the 

western end of the L2.ke Ont2.rio ·Bs.cin with the pur-pcse 

of determining the do~in2~t factors jn the p~cc8ss 

response model. Fror for~er field exarnin2tjon of the 

bar, a~d thiou~h the colJectjon of rle~r drill core?, 

nn atte~nt ha~ bPen ~3de to ~st~blish fo~rer ~rcce~~es 

field study, esDecial1y throv.9'h the colJectin{!" of n~iJ l 

cores, ~ed irr. ent 2?m ~les, ?.!!rl vrin0 dat:?, ?nr1 by the 

log~ing of w2ve dnts and lo~?Shore move~ent, hPs led to 

an atte~pt to est2blish the effect of pre~0nt nr0cesses 

Acting on the b2r. 

http:Bf\CHEI.QR


ACKNOWLEDG El'.rENTS 

A "thank you" goes to rry 'Supervisor 

Dr. S. B. ~cCann for his guidance 2nd encouragement 

given during the writing of this paper. I am also 

especially indebted to the many people at the C2nada 

Centre for Inl2nd 1• 1ff~terf:. v1ho have g-5.ven fTl?:ely of their 

time to 2ssist and provide data which I would otherwise 

have been unable to obtain. In this field, I would 

therefore like to thank Dr. N. Rukavin2, who rr 2 ~e it 

po ssibl e for me to t2 ke ;::inri 2n2 lyze dri J J cores: ~.c: ~ 0 

TV! .0 
Ji\, ,r·~r. w. s. Haras, v.rl-)o W?S const2ntJy forward j.nf 

valuable infcrw2t~0n. 

~r. B. K. Gl2ssforrl, geologist with thA ~inistry of 

Tr2.nsport?tir:m Br:d Com::-un.ic2tione. were rr:ost ;.~;.v~!"'din?-" 

r--_n d to tr.. e TT' I owe a s :p e c i 2 l th?. n k you • I al so v,r i 2. h to 

th2nk ~r. L2~oure2ux of the Ro ~al Bot2nic2l Gardens for 

. 
~.v 1n0 

~ 



I wish to thank Bruce Ep¥ertson and Jae~ tte 

photog-r8.pher from feology who were kind enou:?"h to ~)lJt 

up with ITY carrera techniques and develop nhotos wbich 

were visible. 

Last, but not le8st, I would . like to 

acknowle~ge my patient and underst2nding parents -- my 

mother, for her encouragement 2nd diction2ry work, and 

my father for his rrany hours of assistance in the field 

i "r
• J 



CHAPTER SECTION 

1 

2 

2.1 

2.2 

2.3 

2.4 

3 

" } 1...... 

3 • ?. 

~ABLE OF CONTENTS 

SCOPE AND CONTENTS 

T.A.BIJE OF CONTENTS 

J .IST OF FIGURES 

I·IST OF CHARTS 

IN 'l1R0 DUCT I 0 N 

HISTORY OF BUPtINGTON Bl•R 

Pre-glacial Geolofy 

Gl ac i2_l Hi story 

Post Gl8-c1~1 !!5story 

Lake !~onuois St~re 


Gilbert Gulf St2~e 

Lake Ont~r5o Stqpe 


f'trodern Ch~=m£Ye2 in B8r 

rrorpholor,y 


WINDS 1~ND ':t ,~ v~s /i.FFECTING THE 
1BURI.JNGTON B. R\ 

PurDose 0f W5.nd 2nd W?ve 
An2lys 5_s 

\'Ii rids 
Sirnjfic8r:t 1 "':r~ ri f'~re~tioYJs 
Significant Wi~d Sneede 

~ ~I"!' r~:_.. hr,; r~ 


:~ ~-- , , ~ : -' 


P2.ge 

. ii 

i l. i 

v 

viii 

x 

xi 

1 

6 

6 

lJ 

20 
20 
23 
24 

-

30 

30 

I / 

LI'."'. 



Conclusions 

4 	 FORESHORE AND NEARSHORE 
l\~ORPHOLOGY 

4.1 . Purpose of Morp~bgenetic Study 

4.2 	 Descriptive ~oruhology 
Groyne Ares 
Ca.nal South 
Canal North' 

4.3 	 Beach Profiles 
Survey Procedure 
Interpret8tion of Profiles 
July ?-August 5, 1972. 
Au~ust 5 - September 23, 1972 
Se~tember 23-bctober 14, 1972 

Offshore B2rs 

Minor Be2ch Features 
Ripples 
Shingle Be2ch 
Beach CusDs 
Ridge and Runnel System 
Ch2nging ForP.sho~e 

Ch8r8 cteri s-c i.c s 

. 4. 6 Conc1usions 

~ 	 THE BEI'CH SFDH:'E'WfS OF BURIINGTON.,,/ 

KA.R 

5.1 Purpose of Sedimentary Analysis 

5.2 SaMpling Procedure 

5.3 Laboratory Procedure 

5.4 St8tistic2l Analysis 

Interuret?tion of Results 
Si~e and Profil~ V2riation 
Profile ] 
Profile 2 
Prof5ls J 
ProfiJe h 
Prnfiln ~ 

Prof~~ ( 
Prcif' 1 ° 7 
? :-of } r~ r 
P::-·o f le n 

-,. .. = 

51. 

52 

52 

52 
52 
55 
60 

63 
63 
65 
65 
69 
70 

76 

8J 
83 
85 
8? 
f1? 

90 

92 

92 

92 

94 

103 

104 
107 
107 
lOR 
lOP 
JJ} 
11? 
~J? 
] 1 : 
lJ.h 
1 1 c:-- -- _,,, 

5.5 



5.6 


6 


6.1 

6.2 

6.3 

6.4 

6.5 

6.6 

6.8 

7 


APPENDIX 


1 


? 

3 


Regional Yariation 
Population Distinction 
Long Term ChRnges 

Conclusions 

A THREE DINENSIONAL STUDY OF 
THE BURLINGTON BEACH 

Purpose of Core Analysis 

Sampling Procedure 

Beachcor 


Laboratory Procedure 

St2tistical Analysis 

Interpretqtion of Results 

Core 1 

Core 2 

Core 3 

Core lJ, 

Core 5 

Foreshore SediITents 

Nearshore Sedirrents 


l'tineralofy 

El en:ent }~n2 lys is 

L2bor2tory Proce~ure 


Internret2tion of Results 

Core 1 

Core 2 

Core 1 

Core 4 

Core 5 


Conclusions 

WO~ENT ~EASURE OUTPUT D~~p 

120 

126 

132 


136 


139 


139 


139 

140 


143 


14lJ. 

158 


158 

158 

159 

159 

163 

16~ 
164 

164 


164 


167 


170 


173 




FIGURE HE!"' DING 	 PAGE 

21.1 	 Generr.l J\fa-p of Burlinf:·ton .B2r 

2.1 	 Bedrock Topography of the 

Hamilton Area, Southern Ontario 7 


. 	 2. 2 Bedrock .Contour Cross Section 
Across the BurlinEton Bar 8 

2.3 	 Queenston Shale Outcrop Re~ion, 


Southern Ontario 10 


2.4 	 Loc2tions of Glad.al I. ,2kes in 

Southern Ont2rio 16 


2.5 	 28 

4.1 	 N:orphologic2l Units of Bu:.rJjngton 

Bar 


4.2 	 t §'"enercl beech profile 

4.3 

4.4 	 Lrke Ont8rio w~ t 0r level heirhts . 73-74 

?P-P?· Off~hore B~r 	P~ofiles · '-. j 

lJ. (:.,...-- R5rlae 2nd Runn e J Sy~tPm o~ 


Burl1nfto:n Be .s.ch 88 


Ne2n Plots of Sediments 105 


Sorting Plots of Sediments 106 


109 


5.4 	 Regionel v~riat~_on tr~rtas ]J8-ll9 

S e ct :l Tr, 0 1 ~! t S j 7. e 0 i 2 t r ~- but ion A:i.on f 
2n~ Acro2s the 3~r 

r". {.. 
_,.. . • , i 

B ~ , -;~, i ...,.,. c- + , ..... ·-"\ n , ~ ·;-1 r• l-· 	 1 '? c:: 
..I' / ...;... • J ;, - .... ~ . - _,, • • . . \ "' J, .' - -- ,_,,; 

~ ,•, ,. : i ~ : (~. : . t ~: :') -_.-,+; .~ ~- ,: ~ ·"" '. . ..~. --· 
. t ' " 

t.1--· {~· 5 ~- ~ r \.~ 

'./ -!. .l :.. 



Biv 2 r i ~J t e PJ o t_s 	 130-1.31 

r:e2n P1ots for the J.onf-' rl1er!.J 
Stud~/ lJJ 

5.10 	 Biv2ri~te plot for the Long 
Term Study 135· 

6.1 	 Bivariate plot of drill core 
sediments 157 

http:130-1.31


_CH.1\RT 

2.1 

2.2 

3.1 

4.1 

4.2 

4.5 

5.2 

~.1 

LI.ST OF CHARTS 

HE.AD ING 

Subd~vis1. ons of the Pleistocene 
Epoch 

Depositional Subdivisions of the 
late Wisconsin neriod 

De9os5t5on~J Subdivisions of the 
Lake Ontrrio Stage 

Claesificstion of Wind Data 

Wind Classification in Percentages 

Hindc~~ted · v2lues in Percent 

Place names and a~soci2ted 
prof j 1 c nun:b e:r.-f: 

Burljn~ton Be2ch profile 
infc rlr.at ion 

lake Ont8rio w~te~ level2 on 
survey dc.tes 

Offsho~e ba~ ~22sure~ents 

Ri~D]e 2nd Chsn£irg Foreshore 
r.,r. e.-::i su rf:r.!ent s 

Error in ~ercent8fe by the 
sii::vinr- method 

Si.eve ?nrt Visu2l P~cu~ul2tion 
Corr ·~~· ri sons 

EJer-ent An2.lysic-

PAGE 

14 

18-19 

26-27 

40 

42-1+4· 

62 

71 

75 

77 

97 


102 


1~0-162 

x 



BURLINGTON BftR ~ND BEtCH 

Lynn Deanne Frazer 

ABSTRACT 

This study deals with a four mile long 

bayhead bar and enclosed be2ch syste~ which extends 

from Burlington on the north to Hemilton on the south. 

0v er the De-: 3od c1 e ~crib e d 2 s the J.2 k e 0 n t 2 r i o st8 pc in 

history, this Bar w~s forrred from two consecutively 

growing spits on either shore, an~ ~t continued to arcw 

until it reached the dimensions it h2s todsy. Bath 

nature and man have influe~ced bar ~rowt~ subst8nti2lly. 

This bar is influence~ by nrocesses -- the 

dominant process being w5nds which q0nerste wsve2 2nd 

a longshcre co~ponent. The nercentarre of si~nificant 

winds sueeds which affect the bsr is ITin~r, therefore, 

the fenerated w2ves have :~2ll ~Pricds en~ hei~h~2. 2 ~~ 

greater du!'ing t~r- f .-:::ll rro;1-ths. These fener2. ~~d 

systc~s ~rorrote ch2nges in bAr ~orpholo~y wh~ch.sho~ed 

xi 



CHAPTER 1 


INTRODUCTION 


The Burlington Bar (Fi~. 1.1), a four mile 

long, 7,500• - 24,000' wide, ~elatively flat bayhead 

bar is located at the western end of Lake .Ontario. 

It extends from Hamilton on the south to Burlington on 

the north. Along the entire length of the eastern or 

Lake Ont2rio side of this Bar is a sand and pebble 

beach which varies in width from 13 feet to 130 feet. 

Burlington Bar, and the associeted lakeside beach is 

also )oca~~d in a closed tideless Great Lakes environ

mentary system. As such, the Bar is affected by w2ves 

which are generated by winds blowing over a limited 

fetch, and by an enclosed body generated swell component. 

Thus, the Burlington Bar is an area which offers itself 

to the study and understandinf, at least in part, of 

the complicated process - response interactions which 

exist in a beach system. Although it is impossible to 

totally separate the various elements of a beach system 

with respect to the nrocess - response model, an attempt 

will be ~ade to determine how and to what extent the 

operat i ve f2ct0rs (processes) lnflt1ence the respo~~ e 

f?ctors. 
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description of this BPr, with special reference to its 

formation, was written by Van Wagner (1884), but this 

paper is very brief and contains little detail. Later 

literature (Karrow, 1963) does not deal specifically 

with the Burlington Bar, but briefl~ 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 literature on Lake Ontario sediments 

deals with nearshore (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 

of the Burlington Bar, data collected froM drill cores 

which were recently taken on this Bar by Ontario Hydro 

and for the Department of Transportation and Comrruni

cations w2s used. Thus, in chapter two, the geological 

and geomorphological history of the area in wh5ch the 

Bar was later situated, and the evolutionary history of 

the Burlineton Bar itself will be presented. Man 

greatly influences nature; and, present plan view 

changes of the Bar -- mainly created by man, and only 

slightly created by physical processes, will be examined 

with the aid of aerial photo~raphs taken throufh the 

1940 - 1972· neriod. 

The therre of thi~ thes5s is c2rri.e rl throueh into 

chapter J, which cor~iderq the m2j~ beach orocessAs 

winds 2nd wavee. Wind d2ta f or the Burljn~ton B2r w2s 
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collected during the period May to December 1972. After 

specific analysis, hindcasting was attempted and 

compared with the periodicRlly measured wave data for 

this area. Again, no constant hour to hour wave measure

ments have been taken in the vicinity of Burlington Bar. 

However, measured wave data. from ~arch 11 to November 6, 

1972 taken from an Environment Canada waverider buoy 

installed on the co-ordin?-tes 43°31• North, 79°19' West 

will be analyzed. From this analysis 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 gener~tion of lonf

shore d~ift, a short ter~ drift studi w2s underf~ken at 

various time intervals between September 16 and October 

10, 1972, a~ two specified locations on either s3de of 

the canal. 

The process factors always act such that 

various elements of the B8.r system must resnond. In 

chapter 4, the resnonse 0£ 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 preBt 

extent by these precess factors. Therefore, chapter 5 

de2ls with variations in grain sizes across and along 

the B2r durinP: snecified time intervals. 

~9 un~il now, the various aspects of the . 

· nroc~ss - resnons~ ~odel h ~ ve been studied jn a two 



dimensional system. In order to determine the consist

ency of these process and responses, a three direensional 

study which will be discussed in chapter 6 was under

taken. This three dimensional &tudy was made possible 

from drill cores taken by the Can2da 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 forreation of the Burlington Bar. 

Secondly, present process - response relationships will 

be considered in this little studied beach system. 



CHAPTER 2 


HISTORY . OF BURLINGTON BAR 


2.1 Pre-glacial Geology 

Paleozoic sedimentary rocks, lying unconforrn

ably on one bilJion year old igne?us and _metamorphic 

pre-Cambrian rocks, are the bedrocks in which the Lake 

Ontario basin is cut. These marine Paleozoic sediment

ary rocks, consisting of various thicknesses of 

limestone, dolomite, shales and sa~dstones, were 

deposited in a former marginal sea on the south side of 

the ~re-Ca~brian shield approximately 520 - 185 million 

years ago (Hurst, 1962). Due to the great thickness of 

these deposits, a long period of submer~ence was 

indicated, when sand, marl and clay accumulated on the 

sea floor. Geological evidence has su~geeted 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 

period, the sea floor ceased to be depressed, and the 

deposits which were being cemented due to the nressure 

of the ov~rlyin~ SPdiments, were unJifted above the 

SP.Po. . 'Th~se unU fterl Ped i'T.Ants, which WAr~ or i. P- ~ !!?l1y 

horizont~l 1 were sl5~htly foJrled due to the intPnsi t y 

of thP A ~n ~ ]~chi ~n Orofeny, which J . e ~ d to the fo~m i r u 

,,. 
c 
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of basin and arch struQtures. Structural measurements 

in this western end of the Lake Ont2rio basin have 

shown a dominant regional dip to the southwest. Also, 

during the process of uolift 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). 

Ordovician rocks, which are significant in the 

Burlington Bar area (Fig 2.J), consist of a basal 

formation of limestone and dolomite which was overlain 

by three shale formations. These shales, specifically 

the uppermost Queenston shale, were later partially 

removed by gl8ciation. Only in a few olaces has 

Ordovician bedrock been reached beneath the Burlington 

B~r. From drill core data obtained from the Department 

of Tr~nsportation and Corrmunications and the Hydro 

Electric Power Commission of Ontario, Queenston shale 

(bedrock) w~s reached 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 been 

encountered from bore hole methods for 10 feet in three 

locations. It, however, has not been located elsewhere, 

and this is probably due to the bedrock contour noted in 

Fig. 2.1. The loc2ted bedrock surface s]ones north 

from it's first location 2t 109.5 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 2nd ~oft layers several inches 

thick at various elevations. The unper two feet of the 

shale appeared to be weathered. 

Recent drillings have revealed in the centre of 

the Lake Ontario basin, the presence of a buried gor~e 

which once contained a river of an extremely steep 

gradient eastward. According to Coleman, the suggest

ing of an old river valley followin? its deeper southern 

side from the shape of the Lake Onta.rio 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 b2sin off from the St. Lawrence beyond. · Thus, 

instead of his acceptance of this proposed river valley, 

Coleman sees the Ontario basin as a rock rimmed basin 

whose depth is accounted for by the great chan~es in 

relative levels in the enclosed formation. This steep 

walled gorge was noted aporoximately 200 feet ~elow 

sea level at the Burlington Bar (Fi~. 2.2) co~pared to 

near sea level in the west. Bedrock profiles show that 

this fO~Fe is itself contained in ~ lar~er v 2 lley which 

prcb~t)l ::...- o·.ves its existence to f! l a d .81 or erosj on2.l 

· rr.odi fi_c ~ t:1.ons. 
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2.2 Glacial History 

One or more ice sheets covered the area of 

the present Burlington Ba~, and with special reference 

to the Pleistocene Stage, four main glacial pRriods 

were known to exist (Chart 2.1)~ Evidence of urior 

ice advances was usually destroyed by the following 

glacial advance which reworkeds removed, or buried and 

concealed previous deposits. These buried deposits can 

only be discovered through drill cores, and from drill 

cores taken on the Burlington Bar, much evidence 

su~gestive of nre-Wisconsin glacial environments existed. 

This evi~ence, which w2s located between 108 feet and 

204 feet below sea level, where most of the partic11lar 

drill cores in examin2tion ended, c2n be divirled jnto 

two cle2rly defined pop11lations. Between 177 feet ~nrt 

204 feet below sea level, a till complex corisisting of 

a dense qrey clayey silt, or silty clay sand, subangular 

and rounded gravel and boulders (uµ to 1 foot in 

diameter) was loc2ted. Directly above this layer, and 

extending up to 107 feet below sea level is a lacustrine 

deposit which contains a definite layer of sflty sand 

between i63 and 167 feet below sea level. The total 

lacustrine d~posit exhibited a layered clayey silt, or 

silty clqy p2ttern which cont~ined some sBnd, 2nd in the 

uryner pArt of this deposit, thePe vBrv0-like J.8y?rs 



INTERGLl\CIAL GLACIAL. 

Recent *+ 

Wisconsin *+ 

Sangamonian +*(?) 

Illinoian + 

Yarmouthian 

KansB.n 

AftQnian 

Nebraskan 

·' * (?) found in area of Burlington Bar 

+ found in Canada 

Chart 2.1 Suh~ivj2ior~ of the Pleistocene Eo0ch 
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also of undifferentiated earli and mid Wisconsin 

lacustrine material. 

Due to much deuositional destruction by follow

ing g_lacial periods, and due to the fact thBt more 

information is present concerning the last glacial 

phase, the Wisconsin glaciRl 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 blocka~e, g lake na~ed Lake 

Scarborough of approximately the same height as later 

Lake Iroquois was formed, and drRined to the south 

through the Wohawk River Valley. Later, durin~ the same 

period -- approximately 67, 000 years B.P. (Dreirr-a.nis, 

1969) as determined by radiocarbon methods, the ice 

lobe retreated freeing the St. Lawrence outlet, and 

simultaneously lowering the -existing lake level. 

Glacial downwarping in the eastern Lake OntPrio basin 

also led to the dropping of the lake level in the 

basin below the present Lake OntBrio level. The 

lacustrine material deposited in the western end of 

what is now known as the Lake Ontario b~sin during this 

period, as indicated before, can not be separated £rom 

pre-Wisconsin lacustrine deposits. Thus, these de~osits 

probably exist at elev2tions lawer than 107 feet below 

sea level in the ~rea of the Burlington Bar. 

Tn the ~j~-Wisconsin ~lacial ~eriorl, Rra~her 

· ice lobe 2dv?nced 2nd oscillate~ in the re~ion now 
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known as Toronto. Thus, in the period between 34,000 

and 49,000 years B. P. (Dreimanis, 1969), the lake 

level in this basin area was again forced to rise. 

Glacial evidence noted in the w~stern end of the present 

Lake Ontario basin has suggested that this lake level 

reached 100 feet higher than the following Lake 

Iroquois hei~ht. ~he cause of the extreme h~ight of 

this glacial lake, which existed during both Port 

Talbot interstadials, was prob2bly due to the isostatic 

uplift of the Mohawk Valley outlet durin~ the second 

Port Talbot interstadial. Again, it is difficult to 

differentiate theEe lacustrine deposits in the drill 

cores from the pre-Wisconsin lacustrine deposits. 

Finally, during the late Wisconsin glacial 

· period (20,000 years B. P.), ihe Orit?rio lobe re

advanced teyond the so~th-western end of th~ present 

Lake Ont ~ rio bFsin, and covered all of Southe~n Ont?rio. 

From drill core 2.nalysis, the tills, loc2ted between 

107 and 93 feet below sea level on the Burlington B2r,

and associated with this prob8ble advance of the 

Wisconsin ice sheet, are described as being co~posed 

of sand, gr~vel, boulders, and P dense grey to brown 

clayey silt. · Since this ~aterial represents the 

advance of the Wisconsin ice sheet, it ca~ be d2ted 2.s 

one milJton years old. The ice sheet remained in the · 

Southern Ont2rio repion until about 14,000 y e 2 ~s B. P. 

(Hewit t 2 nd KRrrow, 1963), when it bef~n tn r~treat. 



18 

ELEVATION 


93-75 feet below 
sea level 

75-45 feet below 
sea level 

45-32 feet below 
sea level 

32-25 feet below 
sea level 

DESCRIPTION 

This is a glacio-lacustrine 
deposit, representing 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 parameters of this 
till complex. Glacial 
advancement is sug~estive of 
this complex. 

The sediment of this glacio
lacustrine deuosit is cl2vey 
silt with some sand. As 
compared to the nrior 
glacio-lacustrjne deposit 
inriluded in this main 
denositional block, this 
sediment is not c.s fine 
grained. 

I 

This very thin ~lacial till I 
band is characterized by Idense grey silt with some Iclay, and fine to coarse 
grained sand and gravel. 
There is a paucity of I 
boulders which were present 
at lower levels. 

Chart 2.2 .DeDositionBl Subdjvjsions of the lPte 
Wisconsin period. 
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ELEVA'l'ION 	 DESCRIPTION 

25-10 feet below 
sea level 

. 10-2 feet below 
sea level 

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 a~ 93-75 
feet below sea level, arid 
can be described as finer 
grained than those at 45-32 
feet below ~ea level. 

This is a very thin bed of 
till m2teri2l, which is 
characterized by silty clay 
and fine to coarse grained 
sand and gr2vel. A~ain, there 
is a paucity of boulders 
which were nre2ent at lower 

'1
11 eve 1 s • h i s t i 11 corr; "!J1 ex 

is simiJar in thicknes~ t o 
that of 32-25 feet below 
sea leve]. 

NOTE: 	 Due to the decre8sing thickness of till 
complexes with heiP."ht in the de-positional 
column, it can be postulated that the 
gl?cier did not retreat too far to the north. 
'11 hus, it did not have a larp.·e 2r'ea over which 
to accu~ulate and to deposit a large till 
complex in the area of the present Bar. 

2 feet 	below sea This lacustrine deposit 
level - 16 feet 	 varied in thickness in the 
above sea level Western end of the lake 

Onterio b2sin -- from 16'
35•. It is com~osed of 
mainly a grey silty clay • 

. The up~er part of this 
stratum consists of vc.rved 
~lays, and et various 
elevations, thin layers of 
clayey ·and sandy cl2y are 
present. 

Ch3rt 2.2 continued. 
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During this period of retreat, · there were alternating 

recessional and adva.ncement periods during which 

glacio-lacustrine and till complexes were deposited. 

These deposits, noted in drill cores taken on the 

Burlington Ba~, represent 109 feet (16 feet above sea 

level to 93 feet below s~.a level) in the stratigraphic 

c6lumn. Noted in chart 2.2 are brief descriptions of 

the subdivisions of this depositional complex. 

Thus, the Wisconsin period can best be described· 

as consisting of many alternating gle.cial and inter

glacial periods during which Paleozoic bedrock was 

removed in large quantities from the Lake Ontario basin. 

This modification w2s accomplished on a macro-scale, 

but present existing resistant structures controlled to 

some degree the modification and thus the paths of the 

advancing glac3ers. 

2.J Post 	Glacial History 

Lake 	Iroquois Stage 

Glaci8l Lake Iroquois was formed 12,500 years 

B. P. (Bir~, 1972) as the ice retreated from the south

western area of Ont?rio setting the Lake OntPrio basin 

free, and draining Lake Warren. This retreat was due to 

a temporBry climatic warmin~, which was such that the 

ice retreated to the Oak Ridges morajne -- forming an 

ice front from Georgi2n Bay to the Thous8nd IsJ2nds. 

Since th e St • L:::i wrenc e V211 e y w? s st. i 11 b 1 o c }~Pd by i_c A , 
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the overflow from Lake Algonquin, which occupied the 

basins of the upuer three lakes, was caught by Lake 

Iroquois, whose outlet was near Rome, New York • .. 
The water level in the s.outh-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 fluctu2tjn~ 

ice front lead to the continual variation in the water 

level. In order for water level lowering, the basinal 

volume being exposed by the retreating ice probably 

continually exceeded the amount of meltwat~r that 

entered this basin. Evidence -- organic matter, 

located in old soils 30 feet below the level of the 

Lake Iroquois Bar, or 241 feet ab-0ve sea level in the 

Hunter Street tunnel, Ha~ilton, sunuorts thri fact that 

Lake Iroquois was once lower than the final main water 

level of 362 feet above sea level (Coleman~ 1936). This 

final level in the western end of Lake Iroquois Was 

attributed to the isostatic rebound of 500 feet in-the 

Hudson Valley outlet of the lake. Thus, in the south

western region of this lake, the shores· were being 

continually tilted, and were sinking continually 

beneath the lake. Evidence also from old shore cliffs, 

beaches 5 gravel b~rs, and other lacustrine deposits 

whirh hRv~ been .found hj~h ahove the present level of 

Lal~ e Ont 2rio, 2nd usually further inJ and, su~e·est 
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that the highest water level of Lake Iroquois was 451 

feet abo've sea level. 

Lake Iroquois paleogeogr~phy a~ain can be 

inte~preted from the drill cores taken on the Bur~ington 

Bar. The evidence representative of the Lake Iroquois 

stage of the post glacial period is separated from the 

·glacio-lacustrine and till complexes of the glacial 

perio<l by ~ layer in which sand and gravel are 

incorporated into the surface of the underlying gl2cio

lacustrine silty clay. This chan~e in narticle size to 

a certain extent marks the lowering or shallowing of 

the existing w2ter in the particular area encountered 

by the drill cores~ Between 16 feet and JO feet above 

sea level, the material shows an increase in grain size, 

with sand, gravel and_ residual boulders -- and, still 

shallowing water. ~his concentration of ~r2vel and 

residual boulders.suggests that there has been a change 

in the source of material supolied to the area of the 

later Burlington Bar. A possible source ITay have been 

the waters which were bein~ received by Lake Iroquo·is 

~- those w~ters trom Lake Erie through the Niagara 

River, or from the spillways from Georgian Bay. Radio

carbon dating of this material has determined sediment 

age as 10,150 ~ 450 years. Between JO feet and 115 

feet ~bovP SAa Jevel, a redrlish brown sandy silt, 

located ?t the tcp of the s t ratum, fr~dually chan~es to 

a cl8yey siJt wi t h rlPnth. Tt js -:,lso l:0ri'.lt;r:t21.ly 

http:l:0ri'.lt;r:t21.ly


stratified, and colour variations are extensive in tbe 

upper section of the strata. The layers of sand, silt, 

clayey silt, and very silty clay alternate in b2nds of 

1/8 inch to several inches thick in this section. 

Some pockets of dense gravel, approximately two feet in 

thickness and other material such as spherical cavities, 

calcareous matter and organic matter also exist. In 

these cores, thereis no loading evidence other than 

that imuosed by the sediments. 

Lake Iroquois f in8lly ~erminated with the 

retreat of the ice lobe from the St. Lawrence Valley. 

With this retreat, the enclosed water could e~c2pe past 

the ice frunt against the northern section of the 

Adirondacks, and the level of Lake Iroquois rapidly 

lowered. · 

Gilbert Gulf Stage 

After the recession of Lake Iroquois, during 

the Gilbert Gulf stage, the shore line in Lake 

Iroquois basin was approximately 40 miles east of 

·Hamilton. Observ2tions in the Burlington Bar drill 

cores betwepn 200 - 210 feet above sea level, such as 

dessication cracks, erosional signs and peat deposits 

all indicate this lowering of water elev8tjon before the 

existence of Lake O~tari~. It h2s aJ~o heen sugqested 

)... .. J... \ .• ! .,,,..., 
._} .... · . .. ..!.. • • 
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Lake Ontario Stage 

With the withdrawal of the ice sheet from the 

mouth of the St. Lawrence Valley, Lake Ontario first 

began to form. During this for~ation2l period, 

isostatic rebound was a continuing process such that 

the ~astern end of the basin was uplifted faster than 

the western end. Thus, the Lake Ontario water level 

continued to be raised approximately 200 feet, until 

it reached the western basinal area JOOO years B. P. 

(Karrow, 1963). As this water level continued ~o rise, 

a baymouth bar, '9resently nar.;ed the Burlington Bar, w2s 

formed by easterly storms which had a fetch of 180 

miles, and by the induced north-westerly moving shore 

current. This current carried and deposited sands 

and clays -- which had been er.oded fror.i the southern 

shores of Lake Ontario, such that the mouth . of the 

lagoon behind the shore projection which existed to the 

east of Stoney Creek was filled. 'l1his material continued 

to be deposited along the southern shore of Lake 

Ontario, forcing the mouth of the old Grand River 

towards the west and forming the bPse of a ~rowinp sDit, 

at the south side of the mouth of the Bay (V2n W2f!ner, 

1884). Upon the slones of this spit, stron~ eastPrly 

winds drcve coh~ les, which were forced to rA~~in since 

ex i s~jng pracesse~ could not reach these dep8sit~. 
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Ontario, began to form ?t .the ~orth side of the mouth 

of the Bay. 

These spits began to grow slowly uncter 

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 eventually were 

connected, forming the Burlington Bar. 

Reviewing the Lake Ontario stage stratigrgphic 

record obtained fro~ drill cores, the specific formation

al material of the uppermost section of the bar can be 

noted (chart 2.3) 

T~roughout history, the Burlington B2r has only 

been naturally breached a total of two times. Firstly, 

it was broken at the southern end by dischar~e f~om the 

Albion re-entrantc The Redhj.11 Creek forced p~ssa~e 

through the B2r from Lottridge Pond, a Marshy area 

created by the flooding back of water into the lower 

parts of valleys which had been cut by a former low 

water period. Secondly, the B~r was breached by an 

outlet on the present north side of the canal. Present

ly, both these breached areas have been comnletely 

filled in. 

2.4 ~odern ChAnfeS in H2r ~orp~olo~y 

~prj2l nhot0~~2phs, the ~oPt ~oder~ ~nd ~r t0 

il::::te method 0f m2n;; .1np- 1 wi::-rP 112M1 to notP- the ('~1 · -:; n.,-rP.2 

http:Redhj.11
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ELEVATION 

115-220 feet above 
sea le.vel 

220-240 feet above 
sea level 

DESCRIPTION 

This section is comuosed of 
compact reddish brown silty 
sand. Within this section, 
the compact and dense grey 
sand located in the upper 
layers changes through a 
depth of approximately 5 feet 
to a stratum of compact red 
brown silty fine to medium 
sand which in turn becomes 
siltier with depth. These 
variations in sediment size 
reflect to so~e extent the 
varyjng water levels of Lake 
Ontario during its existence. 
Slight horizontal stratifi
cations noted by small 
colour chan~es also exist, as 
doesrandomJy distri~uted 
fine P-:rajned Erravel. Below 
180 f~et above sea le~el, 
minute snheric81 cavities, 
and calcareous material in 
the form of dispersed shells, 
or thin concentrated layers, 
as well as or~2nic mAtter 
are present. 

This unit is com~osed of 
compact and dense grey sand 
which is horizontally 
stratif1.ed in colour and 
composition. The upper 10 
feet of this stratum conteins 
lenses of very sandy gravel 
with shell fragreents. The 
middle section contains 
gravels 3 inches ~n diameter 
dispersed throughout. The 
amonnt and size of these 
gravels decre8ses with rlepth. 
At the b8se of this str2tu~, 
thin layers of redrliF~ brown 
fine silty s2nd exists. 

Ch c: ~:--t 2.3 D0oos tion~J Subrliv1 s ions of th-? Lake 
Cn t '.'.",r o . S t .? F.! e 

http:stratif1.ed
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ELEVATION 	 DESCRIPTION 

NOTE: 	 At the contact between the above two units, 
there is a layer of very dark grey silty 
sand which has a 

240 feet above 
sea level to 
the surface 

high organic content. 

The upper and most recent 
sedimentation layers of LRke 
Ontario are essentially 
loose grey sand. This 
stratum contains gr8vel of 
all sizes, organic matter -
tree fra?ments, shells and 
cross beddinf structures. 
Above the w~ter table, there 
is a drop in organic and 
c2lcareo~s matt~r. This unit 
is ho~izontally stratified 
in sorre Jocr=itions due to 
gravel concentr8tions and 
organic concentr2tions. 

Ch2rt 	2.J continue~ 
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in Bar morphology over_ the pas~ thirty years (1942

1972). Usin£ the zoorntransferscope, ·the aerial photo

graphs were either reduced or enlarged in scale, such 

that one single scale for photo comparison over time 

was available~ 

'J.lhe variability .in Bar morphology over this 

thirty year period is illustrated in Fig. 2.5. l'Jlan 

has resolved to greatly ch2nge the physical dimensions 

of the Bar, on the Hamilton Harbour side, bv fillinR: 

in the hollows and depressions until the nresent outline 

of the Bar has been attained. On the Lake Ontario side 

of the Bar, unmodified by man, nature has only acted to 

~lightly modify the almos t equilibrium beach en~iron

ment. 



CHJ'. PT"P.R 3 

WINDS AND W~VES AFFECTING 

THE BURI.INGTON 3?.R 

3.1 Purpose of Wi~d and-Wave Analysis 

The purpose of this chanter is to examine the 

winds v.rhich Rffected the Burlington B2r over the 

period ray 1 to Dece~ber 31, 1972, an~ to see how 

often and to what extent sj~nificant w5nrl~ 2ffected 

the be?.ch environrrent. It is also the -interti0r ~f 

longshnre com~cnent over ~ ~hart ner~od of ti~e . 

3. 2 'N ir:rJ s 

Wi.nd d2ta, which W?S read hourJ.y ov~r th8 

per5.od \~y 1 t·~ Decerr'ber )1, 1972, v·--s c ollPc-t:en. frsr:: 

the Ro v2l B:'"'t~n i c2 J G2rd2:r: s 'He2. t~r-::r Pt~t :ion ir 

JO 
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each wind direction in a specific class interval 

represented the nun:ber of times the wino blew from 

that specific direction Rt the sugqested wind speed 

over the month of observation. 

Significant Wind Directions 

The dominant wind directions over the eight 

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

south-west, however, only one of thGPP directions~ 

north-east is sienificant for the influence of 

responses on the BurJington Beach. Less dorrinant 

wind directions -- north, e8st and so1J.th-e2st 2re 

also signific3.r:.t in infJ.uencing process-response 

factors. GeneraJJy, with the exception of ~ay, the 

winds blew from the four signific8nt ~irect5ons les~ 

than 50% of the tiMe durinf ~ny month. Durin~ the 

months of Yay, Novc~ber, June and December, the winds 

bJ.ew from 54.3~ to J8~9% of the ti~e from the 

sign3ficant directions, while during the remainin~ 

four mo~ths, a ran~e of 33.5~ to 27.4% of the time 

reoresented the percentA~e of winds blowinv frorr 

1 . :-·. ...~ ,~ 
' I · - .i . \ro. 

- . v• 
' ·· ' . ~ 
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WAY 

DIRECTION 	 TOT~\L % 
HOUHS 

..N 30 4. 0 . 
NE 220 29.6 
E 131 1? .6 
SE 23 3.1 
s 20 2.7 
SW 140 18.8 

oq.w ./, 13.3 
NW 79 10.6 
CALM 2 .3 

'l'O'l1 AI1 744 100.0 

DI RECl'ION 	 1-3 h-6 7-10 11-16 17-21 22-?? 
mph mph mph mph rr.ph rr:ph 

N 16 1.....('\, 	 13
6·o·NE 34 	 71 44 10 1 

E 33 48 45 5 
SE 16 6 1 

()s 10 	 1 1 ,.,,SW 19 Lq
/ 

h3 _33 2 C, 

w 40 47 0,,. 2 l 
NW 10 21 22 21 3 2 
CAI.rf 2 

• r · t H • d o · t · 5u ~(lf_ -r .J...h t ·S 1• gn 1. l c 2 n f( l n i re c 2. on - - .• _,.lo o _ .... . e 1 rn e 

SignificAnt Wind Speed -- 8.2% of the ti~e 

er-.~ rt 
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JUNE 

DIRECTION .TOTAL ~ '· HOURS 

N 43 5.97 
NE 158 21.94 
E 77 10.69 
SE 9 1. 25 
s 7 .97 
SW 169 2J.47 
w 140 19.45 
NW 114 15.82 
CP,l ·M J • Lt2 

TOTAL 720 100.00 

DIREcrrION 1 -· .,;~ 4-6 0R '"'')- 7-10 11-16 17-21 22-27 ·'J··· ~·.) 

rrph ~ph mph mph rnph Trph ::1p:, 

N. 19 7 12 4 1 

NE 16 LJ,9 67 16 6 h 

E 10 21 Jh -' 

~ 

,/ 

~4' 5 2 2 
s 
._,~ 

6 1 
S\'J :1.JJ. 61 4h 47 1 
w hO 0 

.... 

JlJ· -· 26 .,/ 2


NW ,..,,,;' 
t:..., L.? 39 37 2 6 1 

CAI.~r 3 

Signific~nt Wind Sn~ed -- 4.72% of the tire 
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JULY 

DIREC'l'ION 	 TOT . .\I, % 
HOURS 

N 35 -4. 7 

NE 101 13.6 

NW 61 8.2 

E 45 6.o 

SE 23 3.1 

s 9 1. 2 

.sw 292 39.3 

w 177 23.8 

CAHr 1 .1 


TOTAI· 744 100.0 

.DIRECTION 	 l-3 4-6 7-10 11.-16 17-21 22-27 

rrph mph r.1ph mph rr.ph 111ph 


qN 25 	 .1 

1r:1NE 21 42 ..,, I 1 


Ni!/ 25 12 13 11 

E 11 24 8 

SE 6 0 8 

s 

/ 


2 6 1 

SW 27 89 11 ~ 5F3 
 5· ·-- -- _,I 

w 81 72 18 6 

CALM 1 


Si~niflc2nt 	Wind Direction 27.4% of the tire 

Sign5fic~nt 	Winrl Speed -- .1% of the time 
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AUGUST 

DURA'l1!0N TO'I1P.L % 
DIRECTION HOURS 

N 14 1.9 
NE 202 27.2 
N\'l 104 14.o 
E 12 1.6 
SE 17 2.3 
s 3 .4 
SW 297 39.0 
w 9q: 12.6 
CAD! 1 • 1 

TOTP,L 744 100.0 

!DIRECTION l-3 .li-6 -7-10 .11-16 17-21 .22-27 

N 10 4 

NE 26 98 72 6 


10·NW ,, JO 36 18 1 
E 3 5 4 

SE 7 0 1 

..., 2 1 

;' 


~ 

SW 48 12 .5 q7 26 1 

VI 58 J4 1 1 

C.t\B1 1 


Sitnificsnt Wind ~irection -- 33.0% of the 

S · • f' • t t / • d s BrJt.:'Iign1_ 1c2.n v' in . .. peea -- • , ,r.i 



SEP'l'Er~:BER 

DUR.l\'I'ION TOTAL % 
DIRECTION HOU?S 

N 78 10.8 
NE 123 17.1 
E 28 3.9 
SE 12 1. 7 
s 5 .7 
SW 233 32.4 

21. 2w 153 
NW 86 11. 9 
CP..Hf 2 . 3 

TOTi~T 720 100.0 

4--6 7-10 1-1-16 17-21 2~-27DIREC 1I1ION 1-3 
mph mph mph · mph rrph mph 

N 21 31 23 3 
NE 2L~ 39 42 18 


~ 
,.,,E 3 13 7 
2SE 8 2 

~s 
SW 26 

2 
62 87 

..; 

55 3 

w 63 75 8 ? 

NW 0 ,, 24 38 15 

CAUt~ 2 


SIGNIFIC/\~: 'I \-/If!D DTRFCTION -- 33. 5% of the tir:e 

SIGNIFIC ~NT WIND SPEED -- 3.6% of the time 

-
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oc·rosER 

DUR f. 'I' I 0 N TOT I'll, % 
DIRECTION HOURS 

N 61 8.2 
NE 119 16.o 
E 29 3.9 
SE 8 1.1 
s 15 2.0 
SW 216 29.0 
w 172 23.1 
NW 122 16.4 
C ,~I.W 2 .3 

TOT11L 74LJ. 100.0 

DIRECTION 	 1-J 4-6 7-10 11-16 17-21 22-27 
mph mph rr.ph mph mph mph 

N 28 24 9 

NE 37 h5 25 11 1 

E q 1L~ 6 

SE 2 6 

s 5 ? 3 


66 
I 

?? 	 11SW 27 	 ' ' 35 
w 65 61 23 17 4 2 
NW 20 25 40 28 7 2 
CALrf 2 

Significant Wind Directions -- 29.2% of the time 

Signific ant Wind Sneeds -~ 1.6% of the ti~e . 
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Nova.rBER 

DURA'I'ION TOT t\ L % 
DIREC'l1 ION HOURS 

N 59 8.2 
NE 186 25.8 
E 20 2.8 
SE 29 4.o 
s 5 .7 
SW 191 26.5 
w 137 19.1 
NW 93 12.9 

TOTAL 720 100.0 

DIRECTION 	 1-3 4-6 7-10 11-16 17-21 22- 2 7 
mph mph rrph mph mph mph 

N 17 25 12 5 
10 	 41 14 2NE -/ 52 58 

E 4 3 6 7 

SE 7 9 11 2 

s 2 2 1 
St·' 28 Jl.:. 4?. 64 22 1 

I f 

w 65 61 9 2 
NW 23 26 2L~ 16 4 

Signific2nt Wind Directions -- 40.8% ~ f the ti~e 

Significant Wind Sp eeds -- 9. 9% of the th'1 e 
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· DECEl\"BER 

DUR/\.TTON TOT!-i.L 1c, 
DIREC'I1 ION HOURS 

N 	 72 9.6 
NE 175 23. 5 . 

E 36 5.0 

SE 6 .8 
s 3 .4 
SW 214 28.8 
w 148 19.9 
NW 89 ll.9 
CALM 1 .1 

TOTAl 744- 100.0 

DIREC'I1ION 	 1-3 4-6 7-10 11-16 17-21 22-27 
mph rrph mph mph muh rr.ph 

N 24 27 20 1 
NE 17 44 45 45 15 Q, 
E 3 10 7 11 	 4 1· 
SE 2 3 1 

s 3 

SW 2h 	 61 52 1 ~ _, ~55 	 -- _., 
w Lt.Q 55 22 18 13 
CALM . 1 

Signific2nt 	Wind Directions -- J8.9% of the tiITe 

SignificRnt 	Wind Sneeds -- . 11.6% of the time 



c • '.20 

N 2.72 ,., 11 
L • - · _,,, 1.36 .24 .02 

NTE J.30 7.30 7.09 ~ 1 (\_.1 . - v •78 .27 

E~ 1.48 2.35 1. 9? .53 .07 .02 

sE 090 • 78 .41 .07 

s • 54 • 4i.~ ~ 1LJ. •OJ 

I 
sw 3. ·~6 9.07 9.59 6.29 .1. 04 1 LL• .l. ; 

{ 7.59 8.0~ 1. 97 1.05 .34 .03 

Nw 2.13 2. 9u 4.03 2.91 • LJ.9 .20 .os 

CAU/~ l-1.... 4-6 7-10 '!.1-ltS 17-21 2?.-2'7 28-lJI _,. 

ffif h !T1")I'._ :.:Drrrph 
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high wind speeds generate de~tructive w2ves which 

contain 	enough energy to greatly modify the resnonse 

elements, by quickly downcombing the be2ch. Generally, 

wind speeds less than 11 mph. generate constructive 

. waves which gently build uu the beach over a long period 

of time. 

Significant wind sneeds which 2ffecterl the 


Burlington Beach, varied from 11.6% of the total winds 


that blew durirg thP month of December, to less th2n 


1% of the time in July ( .1%) and August (. 8%). '1'he 


duration of winds of these speeds was variable fro~ 


one hour to 2J hours throu~hout the e5~ht rronth sturly 


p~riod, and gener2lly each oeriod of sjg~jfjcant wirrls 


was senarated by non-sign~fic2nt wind neriods. 


J.J 	Wave Ch2rzcteristjcs 


No hour to hour w2ve D8!';-i;ieterf: -- l.'fPVe hP. i CT"ht 


a.r:d -ped od h2_ve beF.n me~ sured i ·r; t~ e ?. re2 re2r th~ 

Burlin~ton se~~h; t~erefore, reliance on WPve ch2r2cteriE

tics w2s nl8ced on the observPtions of the ?uthor ?nd 

on the ch8r2cteristics uroducerl hv h5~dc~st5n~. 

Observ2t1ons and Hindcastinr 

'l'hr' wave -:O('r~rr,eters :re2snrPd in L ':) ke Ort.~r:i.n 

off tr.e 3ur1 .i::Y t0n ~:: 2~ne~red tn f2l J ·:i'i t~~ 5 n fr:nY' ;.:::: ir: 
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usually sunerimposed on the w2ve pnttern of that d2y. 

This daily p8ttern v2ried considerably wjth re~nect to 

wave height 2nd 9eriod, however, the w2ves which were 

·observed .a greater uercPntage of the time were those 

defined as chon. These w2ves produc~rt an interference 

pattern, therefore• the actu8.l w2ve he ie:ht ?nrl vr~ve 

period could not he rre2sured with 2ny degree of 

accuracy. These waves also were noted to 2id in the 

fradual build up of the be2ch. When actual w2ve hei~ht 

. . . t .pand period could be measured, the greatest maJori y oi 

these waves had periods of less th2n 2.0 seconds a~d 

heights of less than 8 inches. Only on a few occasions 

did destructive waves, which downcombed the be2c~, 

affect the be2ch system. These w2ves h2d periods uo 

to 5.2 seconds 2nd hei~hts nf 3' 6" anrl were relatively 

rare during the suITmer and ~ost of the f211 mo~ths. 

Since 2 complete set of daily rne:::isurements 

was not obtained, a method of h~.ndca~t5n~ urop0sed by 

Bretschneider w2s used. This ~ethnd plots wind sueed 

against either fetch in miles or wind dur2tion, and the 

conver~ence of these p2r8~eters shows the expected 

wgve height in feet and wind speed in second~. Since 

the dur?tion of certain wind ~peed~ is v2ri2ble throufh

0 1it e~ch dny 2nd e2ch rronth, hindc2sti:'lg 1\'?S urder



hours, which was a slightly lon~er but re~sonable 

duration2J_ perioo for winds 1Nh ich affected the 

Burlington B2r. Since the hindcasting ~ethod is 

thouf!ht to nre~. ent slif-htly hip-her W?ve hPig-ht 2nd 

period values than those actually produced in the 

beach system, the v?lues c~lculated for duration and 

wind speed were cornnared to the v2lues hindcasted for 

fetch and wind sueed. In ·all three cases of hindca8ting 

the results were noted to be si~il2r. From the ar~phs, 

98.86% of the values could not be nl~ced on the fetch 

vs. wind speed gr2p~ -- rr 02t ~ave per~od~ ~er~ las~ 

was undert2ken for dur2tiorP of 2 hours ard 5 hours 

respectively. The main wave ch2r~cteristic2 which 

p2 r2.r1:et ers, 2Y-trl 

which ~5d ap~e2r on t~ese granhs were t~ose of h ~ecands 

3 feet height, 5 seconds h feet height, 6 seconds 4 . 
. . . 

feet hei~ht 2nrl 6 seconds 6 feet hejght. The~e laEt 

recorded values corresponded to the w2ves which were 

6ccasionally g~nerated in the area of the Burli~rton 

Bar, 8~ did the for~er hindca~terl wave values with 

wave ~eriods of le~s than 2 seconds. 

) • l.!. I,0 YIl .'_··.·· '? 1
_' ! (_) r 0_ - - ~ 0 ~ (' b i 'j Y" : .(" I- · ~ .. -, [::" C' + 1 ) ,.:J ' r _ - t;:::; --' .... .. .. .J 1 ., ""' ._ _ - ~ 1.. 1 • j . c: . ..__. t_ ~ . ~) .• L ~ 

.-.+ 
~ -- ~· 



Plate J.1 S5zes of pebbles c0llectP~ 
f~0rn the be~"~ 



diff~rent rates and in dif~erent directions on 

opposite sides of the c2n8l. In orrler to unrlert8ke 

this short-term h2 l f-rr.rmth tr~c inn- Etudy, neb"lJJ es of 

vRryinff sizes.were collected from v8rious foreshore 

and nearshore zones 2nd p2inted a bright red in 0rcier 

to contr2.st with the normal pebbles of the beach. 

Actual be?ch material w~s used fo~ th3s study, for it 

was i~portant that the ~aterial used for the t~~cing 

experi~ent h2rl the sa~e properties 2s the nor~al 

be2ch rr.ateri2l. 

The first tracin?:: experiment was C?rd.. eri out 

at profile 7, on t~e south side of t~e cDn2l. 

pebbles were pla~ed among si~ilar size~ ~~teri2l 2t 

certain dist2nces fro~ a ~8rked refetence ~oint on the 

be8ch. 'J.1'110 6" lonf! pebble~, placed 2 distancf~ of 50 

feet fro~ the refP.rence point, s~owerl ~o 2nn~eci~ble 

rrove~ert over ·t.-J:.P. neriod of one d~:pr, Pnd, the reci:yvery 

rate w2s 100%. Four 3 -L~" equidirr.ensjon2] neb0Je~ 

Dl8.ced 2m0n~ sirni.J ~r PiZ8rl .,,.,~teri2l 2t 48' 10" frorr. the 

reference no .int, n1oved a l :=iter2 l dist~nce of 1' ?" to 

the north 2nd 2 vertic;::.l d:lst2nce o.f 2" towsrd thP 

reference point over the one ~~y peri0d. Ap2in, the 

recovery ~?te w2s 100%. Finslly, f01 .1rtP.en 1 -?" '.)ebbles, 

http:f01.1rtP.en
http:contr2.st
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Unfortun2tely, this study could only be carried out 

between two cnns ecutive d 2ys, since the nehhles wer e 

totally buriec duri.n :! the re!r.? ind er of t he ~tuo~r ::'eri od.. 

Even.though th:ls study W8S tr-::rmin!'.='ted e2r1y, 8 few · 

factors were noted. For example, shingle of different 

dimensions moved 2t different rates. Th·~ smaller 

. pebbles were moved easier and carrierl a gre ~ ter dist2nce 

than the mediu~ or large pebbles. Also, there was a 

variati on :l.r. the direction of r;. ove1r- ent of thP r.:en -~ v:v 

anrt small nebblec, even though the ~ebb1es only 

travelled a short distance. 

The secon~ tracin~ experirrent w2 s c2r~ied out 

at profile l, on the extreff' e north si0e of t ho. CBJ~~ ? l. 

~ . .
Olf'"' ensions. 'l 'hree 6" pebble2, 


50' 6" frorr the m2rJren. ref e rence point, ~~: 'lwed no 


movement over t he ~8 r ~n~ ~r one d2y, 2nrl the recovery 


rate W?S 100%. On the th i rd study day, a 72in no 


movement w2s noted, and only a 33.3% rscovery r~te ~ ~ s 


pebbJ e h8n rroved l' 12ter2_lJ y to tre n0rth ' · ~n~ 7" 

vertic~ l ly tow~ra the refRrP~ ce no5nt. Six neb~les of 

SClENCE & ENG\NEER\NG UBRARY 



50 

to 66. 6%, 8.nd the pebb1e8 h~ct r.1ovec1 12terally 1' ?" 

to 4• 2" to the north 2.nd vertic211~,r from J.6' 5" to 

l' 5" tow2rd t!!e reference po:lr.t. On the four~h study 

d2.te; the recovery rate w2s 0%. Fin2ll'·', nine 1 -2" 

pebbles, pl2ceo Lt5• 9" -"'."" near the waterline, showed 

a 12teral IT'overnent of l' 6" to thE~ north and a vertical 

rro,rerr.ent of 4" tow2rd the refP.rence rr~:irk durin?' a one . 

day per5.od. The r0covery rate w2s 44.4~. On the third 

study dRte, the recovery rate w2s 22.2%, 2nrl t~e pebbles 

had moved 12terally 5' 6.5" to 31' 4" to the north -:-rd 

·vertjcally 15' 3" to 15' 8" t0\~:2~·d the refere~ce ·9ojYJt, 

whi1 e on the :f'onrth studv rJa te, 2 recovF-:ry r~te 0 f 11. 1~ 

2 11was not e d , 2nd th P. :p ebb 1 e ~ ~ (~ ;;.0 "\. ~ r., n l. :::: t ers 11y t, 7 ' to 

the north 2rri vert}_c-::JJ . ~.r 17' 7" tow2.rd the refere:-?ce 

no int. 

in the recov~::i::-y r?te over thr: f:tiJrl\: -r;Arion wi t11 rP~pect 

to a 11 th 8 r> ebb l e ~ j '.? es • AJ. so , th c Y.' e w~ s n 0 v ?. !" S. ? b i l it~ r 

in l ?.tPr2.1 trans'l'")ort of th i::! nebh 1 e:-~, bu. t 1 the J ? r?:FJ 

· vari3bi1i ty of moverr:ent w~_ thin cert~dn uebhle sj 7'P.S 

made it i~uossjbJe to de~errine if the ~ove~e~t of the 

various sizPs w~s si~n5f5cantly dif~erent. 

Durine: the T'eri0d of th:ls stuClv in the ~P.2r-
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3.5 Conclusions 

The sivn3fic2nt wjrd directions which 

influence the urocess-resnonse model on the Burlinf!ton 

Beach . are north, north-e2st, east, and south-east. 

Winds blew from these directions less th2n 50% of 

the time during any of the months fro~ ~ay to December 

1972, and those winds of greater th2n 11 ~ph, which 

were con~idered as signific2nt in producing distinct 

res~onses on the be2ch, v8riert from 11.6< in December 

to less than 1% in July 2nrl August. The Rre8ter 

perce~tage of non-signific2nt winds which affected the 

Burlingtcn Beach led to the gener8tion of w2·ves which 

fener2lly h2d ne-riods of 1 ef.S th~n tv.1n eec0rr1P. ~~G~G2·:~: 1?r 

wind sneeds o~ly led to the ~eneration of wrves which 

had ~eriods of le~s than 5.2 secon~s 2nd het~hts cf less 

6 11th2n J' 'I'hus, over most of the stud~r 1_Jerj od, w?ve• 

energy was not pre2t. This enerey did lead to the 

genera~ion of lon~shore transport or be?ch driftin~ -- a 

process which produced a v2ri2tion in lateral shinfle 

movement on the snuth sidP ?nd no v2ri2tion jn ~oveme~t 

on th~ north si~e ~f the c2nal. Durin~ the bePch 

d~iftin~ stud~, rlifferent s5zed nebhle~ were moved at 

different r~tee, ~nrl the~e w~s a decre2se in the uebble 

reccver~r :r~ t e. 



CHAPTER 4 


FORESHORE AND NEARSHORE ~ORPHOLOGY 


4.1 Purpose of ~orphogenetic Study 

The purpose of this chapter is to examine the 

three main morphogenetic units of . the Burlin~ton Bar, 

and investigate the changing form of specific locations 

within two of these units, Canal North and Canal South, 

over the study period. This c~anter also considers 

the effect of w~ter level hei~ht on beach form, the 

results of a search for ba~s in the nearshore zone of 
. 

the Burlington Beach, and minor beach forms which were 

located in the beach system. 

4.2 Descriptive Norphology 

The Burlington Beach, a long linear beach, 

attached at each end to the headland, can be divided 

into three distinct areas. These areas, as one 

progresses northw2rd along the Bar from Van Wa~ner's 

Beach, are described as the groyne areat canal south, 

and canal north. 

Groyne Area 

The gro~1Rs, const~ucted nor~ql to the shore, 



53 

LITTLE 
-+ 

COVE 

z 
0 

~ 
,....,,~p ~ 

HOUSE 

NORTH C~, ....--...... 

SOUTH 

KILLARNEY STREET 

.BELL CAIRN SCHOOL 

HYDRO + 100 

0 .2.~ ,S"O 

miles 

HAMILTON SOUTH 

Fi f • Li • 1 rro r nh o J o ~?" i c ? 1 r n i t s o f BurJ 1n fton B8 r • 



Plate 4.1 Can~ l North 

Plate 4.2 C2nal South 



55 

lost by erosion, have onJy been in existence for the 

past twenty years. They extend 2,600 feet along the 

beach, and each of the ten groynes is placed 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, ~n the updrift side of the groyne, sand 

has built up, and the beach 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 sloue on the uodrift side of the ?royne, 

as compared to th!:_:t on the downdrift side. 

To study this beach area would require n micro- · 

scale study, and since this thesis deals mainly with 

regional changes, this area W8S not dealt with. 

Canal South 

This beach area extends 13,100 feet along the 

Burlington Bar fro~ the last groyne to the c2n2l. Due 

to the length of this section, and the vari2.bili ty of 

factors along the beach, various sub-sections as shown 

on Fig. 4.1, will be described from a study m?de on 

June 4, 1972. 

At H2~jl t0n South, there is an eroded S8nrl 2nd 

snil. b ~ nk at t he Pxtreme b~ck of the be 2ch. ~his b?n k 



Plate Li . 3 Fourth -'~ vc.r;ue 

Pl2te 4 . 4 Scuth C2n2 l 



Plate 4.5 B~ll C2jrn School 

PJate 4.6 KillarnPy Str0et 
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particular location, railway ties have been used in an 

attempt tc protect this exposed bank from erosion. Also, 

in this area, a fev(of the concrete tower foundations 

project out into the water and act as mini-groynes •. 

To the south of these 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 C2.irn School, leaving a wider are2 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 shru.bs are 

beginning ~o stabilize the area, and minimize ba?ch 

drifting. Along this relatively straight beach area, 

definite small beach cusps, similar in width -- five feet 

but varying in length -- six feet to ten feet, had 

developed. At Bell Cairn School, a rock breakwall 

constructed of large limestone bou1ders protects the 

back .of the beach from erosion. This, however, · is not 

the only method of beach protection used. In the area 

·rrom 	Bell Cairn School to Killarney Street, there ere 

small grasses, and so~e bushes and trees, which are 

growing and stabilizing the very sandy area at the b2ck 

of the beach. 3each cusps, of similar dirensions to 

those for~erJy ~oted were present, and djsti~ct 

noted. 
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This stabilization of the back of the beach 

zone by long grasses, shrubs and trees is still noted 

in the sub-section of beach defined b ~r Kill arney Stret?t 

and Fourth Avenue. In this area, the general 1 inea·r 

trend of the beach is broken by the presence of ~any 

beach cusps, which are well defined by cobb~e material. 

To the north of this area -- that ~one between Fourth 

Avenue and South Canal, the vegetation cover 2t the b2ck 

of the beach is left unDrotected and is highly suscep

tibile to beach drifting. This beach arAa exhibits a 

gentle sloping foreshore and bAckshore zone from the 

railway track~ lakeward, and tl1ere is a slight concave 

curvature in the linear trend of the beach. This 

curvature may be due to the fact that the canal acts 

as a ma xi-groyne. 

Finally, between South Canal and the canal 

itself, there is ninety y8rds of limestone boulder 

fill. ~his protects the bPck of the beach from the 

extreme erosion which takes place in this area due to 

wave concentrati~n caused by the presence of the pier. 

Behind the rock fill zone, long grasses and a few 

shrubs exist on the comn2ct brown s2ndv fill which was 
J. .. 

emplaced during the construction of the canal. 

Cana] North 

This section ~f the beach ex t enrle for 6,85r 

feet from the Ji er to the concrete foundntirm at L1 ttle 



61 

Cove, and is composed of various be8ch sections. Due 

to this variation within the beach, each sub-section 

will be discussed separately. 

Between the canal and North Canal, there js a 

ninety yard limestone boulder fill are2, 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 original sediment when the canaJ. w2s constructed. 

Also, in this area, the gener~l linear trend of the 

beach gives way to a concave sandy beach, with 8 radius 

of curvature of twenty yards. This denositional are~ 

appears to be representative of an are2 in the uprtrift 

region of a groyne systeM. Thus, it is possible and 

feasible that the pier acts as a rn2xi-groyne and affects 

the depositional system in the orox3.mate area. 

From North Cen2l to Power House, the beach 

returns to its linear trend, and deposition in a few 

areas is controlled by a series of rock rubble areas, 

formerly pylons for Hydro towers, which exist in the 

nearshorP zone. The width of the beach diminishes to 

the north, as does the vegetative cover at the back of 

the beach. 

From Power House to Little Cove, the beach 

narrows, and heco~es a series of coves defined by 

present and former Hydro tow~r found2t5ons. In a few 

of these coves, the railw8y bank 2t the b2c~ of the 
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PLACE NAIViE 	 PROFILE NUl\":BER 

Little Cove 1 


Pump House 2 


North Canal 3 


South Canal 4 


Fourth Avenue 5 


Killarney Street 6 


Bell Cairn School 7 


Hydro + 100 8 


Hamilton South 9 


NOTE: 	 Places will be referred to by profile 

numbers in the remaining chapters. 



beach has been deeply eroded and is presently a locRl 

source of pebbles, cobbles and coarse sand material. 

4.3 Beach Profiles 

Beadh profiles are representative of active 

beach changes within the process-resnonse model. For 

example, there is a continual adjustment in the fore

shore slope with changes 3.n energy and material 

factors. Low energy waves with s~illing breakers 

produce a constructive swash which leads to the build

ing up of the foreshore and the construction of a 

distinct berm. The higher energy, steeper waves 

howev~r produce a destructive backw?sh from the 

plunging breakers, and the sediment on the be2ch is 

combed down. There are also modifications of this 

beach profile due to ch8nges in Jand and seR 

emer~ence leads to progradation, due to cuspate move

ment, and due to backshore sand drifting. 

Survey Procedure 

Surveyihg of the Burlinfton Beach from 

established bench marks at the nine nrofile locations 

(Fig. 4.1) was c2rrjed out over a four ~onth n~riod. 

Renresentative profiles of this period were t2ken on 

July 2, August 5, September 23, and Oc t ober 14, 1972. 

~n 01 d er to det err'":.i. n e ~hort term ch :::·nf!P.:? with in ?. ny 

one profj]e location, re 8d in~s wpre t~~en ~t thP b ~ c k 



foreshore nearsho re 
zone zone 

a -- back of the beach 

b berm 

C -- SW8Shlimit 

d waterline 

e -- top of the step 

f bottom of the step 

g lakeward of the bottom of the step 

Fjf. 4.2 A ~ Aner~l h e 2rh profiJe 



of the beach, berm, swa shi im it, ton of st-eu, bo tt0m 

of step, and lakeward of the bottom of the step, but 

within survey me8ns. Wodific2tions 0f these positional 

readings were only made when no berm was in existence, 

and at profile 4 during July and August. During the 

summer months, swimmers disturbed the natural profile 

of the beach at this location. 

Interpretation of Profiles 

The tendency for the profile patterns over the 

four month period w2s to show rr:anv v2riable trends 

which increased in variability towerds the erd of the 

profiling period. ~t:uch of this v2ri2bil i ty c.2n be 

attributed to SP.nd driftin~ in the backshore zone, the 

movement of cuep forms alonf the beach, and normal 

beach processes generated by low energy and hi~h ener?Y 

waves. This ger.er8l v2ri?bility with resnect to 

profile changes will be considered throughout the periods 

between the profiJ.e dates in order to portr2y similar 

patterns. 

July 2 - August 5, 1972. 

Over · this period, only urofiles 8, ?, 6 2nd 1 

showed total denos3tion, while all the rAma5nin~ 

profiles ~howed t:he v8riP1Jle dP.positi.cnPl r<nd Prosj_ on~J 

patterns. DPnositior o~r u ~red in the bP~ksh0r8 7an° 

2t nr0fil.es o ~nrl ?, fro~ thP W?t~rl5~e t~ t~P. stPn top 

http:nr0fil.es
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at profile 5, and lakeward from the waterline and step 

top at profiles 9 and 2 respectively. Only at profile 

3 was there any evidence of deposition in the near 

nearshore zone. At five profile locations, erosiori w~s 

noted, and at two of these five locations -- profiles 

7 and 6, erosion was noted due to a slight ~hift in 

cusp location. The remaining three profile locations, 

profiles 5, 3, and 2 showed variable erosional patterns. 

Profile 5 was eroded from the benchmark to the swash

limit and from the step lak~w2rd, ·while ·profile. 3 

was eroded in the backshore and far - ne2rshore zone. 

Most of profile 2, from the benchmark .to the step top 

also show~d erosion. Th s ~e ~refile~ have generally 

moved lakeward, with the excepticn o~ profiles 5 and 1 

which shewed no ~ove~ent, and profile 2 which moved 

landward. 

August 5 - Septer.ber 23, 1972. 

A greater variability with resnect to the 

chan~e in erosional and depositional areas within the 

beach profile occurred at all nine profiles. One 

similarity however existed which showed a .Q:ener2l 

profile extsns5on l akeward. Deposition was nnted from 

the b ~:: nchmark 12keward at orofiles 9, 8, J and 6. 
·. 

Prof j le ? sho vt e(~ denosit i ':'n occurre d in the zor.e between 

the b3ckshore ~ nd the swPs hJ 5rn it, while ~ e00 2 i t i on 

occ1-irred fror-:; the st en la:k ew0rd 2.t r rofj le s 5 ~ nd 2. 
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Unfortunately, profile 1 was disturbed by a bull

dozer which removed the benchmark and the beach! Erosion 

occurred at the backshore zone, and from the step lake-

ward at profiles 9, 8, and 2, only at the back o~ the 

beach at profile 6, and from the bottom of the step lake-

ward at urofile 2. At profile 7, the entire profile 

from the swashliTit lakeward was eroded. 

September 23 - October 14, 1972. 

The greatest variabjlity iri the erosional and 

depositional areas of the profiles is noted durin¥ this 

period. At profiles 9 and 6, deposition occurred in 

the backshore zone, while erosion of this zone uccurred 

at profiles 8, 5 and 4. Erosion of the total profile 

occurred at ~rofile 7, while total deposition wes noted 

at profiles 1 end J. Sli~ht erosion an~ deuositi0n 

occurr~d 2t nrnfile 6 between the b~nch~ark and the 

sw~shlimit, while greater depositional patterns were 

noted between the berm and steu at prof~les 9 2nd 8, 

the swashlimit lakeward at prof3.le 5, and the bench

mark to the step at profjle 4. At profiles 9 Rnd 8, 

erosion was noted between the bench~~rk and the berm 

and the tou of the step l3keward, while 3t profiles 5 

and 2, erosion noted from the benchrna~k to the 

Pwashli~ jt 2nd from the w~terJ. ine 1s kew8rd r9spectively. 

http:prof3.le
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study period 

1.66• 
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Final 
deposition in 
feet at the 
back of the 
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.71• 
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number
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which moved landward, and profile 7 which remained in 

the same location. 

Throughout the total fou-r mon.th period, all 

profiles, with the exception of profile 4 showed an 

overall total positive depositional profile in the 

backshore zone (chart 4.2). Also, all the profiles 

showed narrow sweep zones which sug~ested that this 

beach was in a stable or equilibrium state. Supporting 

this idea of equilibrium is the fact that the Burlington 

Beach is oriented norm2l to the dominant easterly wave 

and swell direction. In order to det~rmine whether the 

Burlington Beach exists as an equilibrium system, a 

longer study period would have to be undertaken to 

determine if the v2rh1ti..ons in :the '!1rofiles were .cyclical 

and restored over a period of time by natural processes~ 

It has been sugg ested earlier that a change in 

1 gnd 2,n d sea re12 t ions h 8 s 1 ead to mod j f i cat ions in 

the general profile. A review of lake level data over 

the four month period which encompassed this study showed 

that there W8S a continual decrease in lake level 

(Fig 4~4 and chart 4.J). This then accounted partially 

for t~e 1ncreasinf growth of the beach lakew2rd from the 

benchmark. 
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DATE LAKE LEVEL 

July 2, 1972 

August 5 

September 24 

October 14 

246.78 

246.68 

245.51 

244.88 



4.4 Offshore Bars 

To accompany the profile study, another study 


was undertaken to determine if any offshore bars were 


in existence at Burlington Beach, an~ 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 lmportant. Since bars change daily with 

respect to normal processes, a detailed study to 

determine bar movement could not be undert2ken in the 

~llotted study period. 

To determine the nearshore profiles 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 surve~ method had 

to be designed. A lead weight~ which W8S att2ched to a 

string ~arked at six inch intervals with a distinct 

pattern, was lowered fro m a canoe until the lead weight 

reached the lake botto~. The string w~s then read in 

·approximate values from the water level line. This 

technique was then repeated at v2ryin~ positions lake

ward from the benchmark. 

At most of the profiles, only one bar was 

encountered within 350 ·feet of the henchmark, with the 

exce:!Jtirm of pr0 f~ J.es 5 2nd 8, VJherP. 2 ~rr; 2JJ !"Unnel 

system h ~ d also de v~loped in the ne ? r - · ne 2 ~shore ~on0. 

All th e t~rs v?r ied wirtel. y with r e ~ p ect to hei r ht, the 

srnall0st b - r be i ~ ~ only .? f eet 2nrl th e l ?r~e~t h~r 
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. Position Distance from 
(profile) 

1 


1A (cove ·_ 

south of 1) 


2 


3 


5 


6 


7 


8 


9 


benchmark 

93' 

153• 

183' 

200' 

140' 
290• 

150• 

J45' 

135• 
9' 

126• 

He} .~ht of 
bar 

1. 3' 

• 2. 

•4. 

.2' 

• 2' 
• 2. 

•5. 

2.5· 

• 2 • 
. 5' 

•3. 

Extent of 
bar 

48' 

67 • 

26' 

9' 

9' 

105• 

45' 
?' 

2 ~' ../ 

Chart 4.4 O~fshor0 h~~ ~e2sur~~~nts. 
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_being 2.5 feet, and with respect to form. Form can 

be divided into those bars which had relatively flat 

cr~sts and those which had sharp 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 -Minor Beach Features 

Every beach, no matter how larg-e or small has 


developed minor beach features, whether they be swa.sh

marks, backwash marks, ripples or cusps. Of particul8r 


interest to this author were the ripple systems, shingle 

. 
beach, ~each cusps, ridge and runnel system, and the 


changing foreshore characteristics which were founrl jn 


th~ Burlington Beach system. 


Ripples 

Ripples are always present on sandy lake beds 


where sand is subjected to moving water which has a 


velocity between .33 and 2.50 feet per second. Since 


wave fronts uf'ually 92rallel the shore, ripple crests 


·and troughs also parallel the shore, thus, it c~n be 

stated that ripples ~enerally rlevPlop narallel with the 

wave front. At Burlin~ton Be2ch, two rlistjnct rjnnle 

types, soljt~ry 8nrl tr2choidal, ch~r?cter~zert b~r the 

sh~ne 0f the trnurrhs were 0resent. So11t2ry ripnle~ 

had flst trou~hs, and rteveJo ne d where sh~llow w2t~r, 

I 



Plate 4.9 Rin~les 
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a suitable amount of sediment in suspension and fine 

sand conditions existed, an~ when the orbital amplitude 

and the bottom velocity of the waves was great. Since 

the troughs were flat, there was no vortex moveme~t. 

Hovever, in the similarly developed · trachoidal ripules, 

rounded troughs had led to the develonment of vorticies. 

Sand at the crest of the ripple is an import~nt 

factor in the develonment of riupl~ measurements. The 

size of the sand determines ripple height which in turn 

detErmines the width of the flow-shadow, and the 

repetition distance of the ripples. At Burlington 

Beach, the crests of the symmetrical ripples were 

~omposed of fine sand (chart 4.5) which led ~o-the 

the development of two to three inch ripnle hei~hts and 

repetition distances of five to seven inches. 

Shingle Reach 

P shingle be8ch, like that found alon~ Canal 

South, is formed by destructive waves which throw 

pebbles onto the beach beyond the reach of the norm~l 

waves. Kinf has suggest Ed that this nebble wateri2l is 

more mobile thRn finer gr2ined be2ch roater5PJ. Thus, 

2ccretion on the beach profile during a given period 

will be gre2tP~ under similar conditions if tte be~ch 

js composed of shingle material. This develooment leads 

to th~ f0r::!?.t jo:'_ of chiricle be2ch !"'jd~")"er~. A.t 
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waves, 2nd was generally well sorted, and ~2ried in 

pebblP. sizes from one inch at one locstion to three inch

es in maximum diameter at a second location. The fore

shore wa~ steeper where shingle material was ~reserit, 

and a general association with beach cusps, rather than 

nearshore ripples was noted. 

Beach Cusps 

On Burlington Beach, these te~porary spaced 

cresent shaped depressions are. si tuc:,ted normal to the 

lake front and face concave lakeward. The cusps arA 

composed of sands, cobbles and gr8vels alcnH Canal South, 

and appear· to vary in size and shape under varying wave 

conditions. ~ost of the cusus composed of gr2vel 

material are separated from each otter by stretches of 

smooth send areas, while those cusps composed of s2nd 

are elongate and join each other at an acute point. In 

the intervals between the cusps, shoreface terraces with 

scalloped f8ces . formed by the backwash w3.nnowinf out the 

finer g~ained material, and depositing it in these 

intervals is found. 

Although ~any studies have been done concerning 

the forP!ation of cus"!_)s, r;o exact method Gf cusn?.te 

forru~t5on hgs hr:en est2b11.Phed. It i~ tm<iPrst0od 

thou,rrh tl:~t P-e;i0r·~l fe8tvres r .ust ex:i st. F0r ex2:.-1n1 e, 

therP !T'ust bP. j ·~T0p-ul2rities 21on!T the he~ch f~ce" w2ves 

rr:ust st.r i kP th P b r:;:~ ch · rl i rectJ ~', ~n0 th~ FWP ~h nP t terns 

http:cusn?.te
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must intersect each otner. 

Ridge and Runnel System 

Only during the months of August and part of 

September did this ridge and runnel system ( fig. 4.5) 

develop at North Canal (profile 3). Two sand bars 

60 feet apart have progressively moved inshore until 

they were within twelve feet and one foot of the shore. 

During hi~h wave conditions, waters spille~ over the$e 

features, and slight dissectert.ripple pattern developed 

on these bars. Generally though, these bars were 

exposed, and the main region for incoming w2ves was 

between the two bars. Here, ripples developed parallel 

with the wave front and p2rallel with the shore. As 

the wave approached nearer to shore, it w2s refr2cted 

by the bsrs and produced a concave lakeward ripple 

pattern. At the shore, the water w2s diverted either 

north, or south along the existing runnel systems. In 

these systems, especially the northerly runnel syste~, 

asyrnmetr1cal ripples were formed normal to the shore, but 

parallel to the direction of water moveFent. Due to the 

close~ess to sho~e of the most southerly s2nd bar, only 

small ripple forms were forrred. 

Changing Foreshore Characteristics 

On June 4, 1972, two be2ch posjtion~l ~ystems 

werP notprj t0 e x ist jn thP 2r~a of prnfjle 8, ?nrl extend 
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down the beach to piofile · 7. The highest positional 

system on the beach w~s representative of e storm 

system produced on June 3, while the lower system was 

being produced under low energy conditions on Jun~ 4. 

Samples were taken from the five main positional 

locations in order th determine the v2r3ability in 

sediment over a two day period at similar positions at 

the sam~ sample loc2tion. On both d2ys, the material 

coarsened from the berm, and w2s accompanied by an 

increasing poorer degree of sorting lakeward. On June 

4, the swashlimit was located at the same location as 

the bottom of the step on June J, and both swashlimit 

material on the consecutive days, as well as the step 

bottom material showed similar grain sizes and sort5ng 

patterns. On June 4, thP. ~ema in ine: po s i ti0ns le~ kewe.rd 

from the swashlimit had coarsened in sediment size from 

that found on June J, 2nrl the degree of sorting had 

become poorer. This increase in grain size c~n only be 

accounted for on June 4 by the tr2nsporting in of 

coarser meterial to the area by meBns of the longshore 

current. 

4.6 Conclusions 

Burlin?ton Be2ch W8S divided 3nto three 

distinct ~ornho]ofi~21 re?ions which were defined by 

the3r loc8tion with respect to the C?nal and by 



01 
./ .,.. 

by the presence of groynes which were built in an 

attempt to protect the be2ch from erosion. Canal 

South, a linear segment of the beach, whose linearity 

was only broken by cusp formation, tower foundation· 

influence, and canal influence, was defined by its 

location with resuect to the canal. Also defined by 

its location with respect to the canal was Canal 

North which could be comp2red, especially in the area 

near the canal, to an area in the updrift re~ion of a 

groyne. Its linearity was broken by tower foundations, 

and to a ~reat extent by the canal which acted as a 

maxi-groyne. 

The B~rlington Beach profiles showed variable 

patterns of deposition and erosion over the four month 

study, with greater v~riability noted towards the end 

of this period. ~ost of the causes of this variability 

were noted as changing energy conditions, lend and sea 

variations, cuspate movement and backshore sand rlrifting. 

~any of the profiles showed a general lakeward movement 

and narrow sWeeo zones. The orientation of the beach 
.. 

normal to the dominant swell and wave directions, and the 

narrow sweep zones suggested that an equilibrium beach 

system, poesibly brought about by the building of the 

canal, existed at Burlington Beach. 

Alo r ft the be ;:; ch , c:: t 1e8st one b:::: r w2 s f ou n rl at 



CHAPTER 5 

THE BEACH SEDIMENTS OF BURLINGTON BAR 

5 •. 1 Purpose of Sedimentary Analysis 

The purpose of this bhanter is to investigate 

the nature of the material at specific locations on 

the Burlin~ton Beach, and to see if this material 

varied iri co~position at any one nlace throu~hout the 

summer. It is also the intention in this chapter to 

examine cross beach variPtions, to find out if they are 

regular at one location or at all locations; to 

determine if regular variations exist along the be2ch·; 

and to ·see if vari2tions exist between the areas 

located north and south of the canal. 

The Hamilton Harbour side of the Bar was not 

studied, for it could not be comnared with the LBke 

Ont2rio (Burlinfton Beach) side due to 

1) the great influence man has recently had on 

th3.s beach environment 1 and 

2) the fact that the sediment on the Ha~ilton 

Harbour side of the B8r comes from a different 

source a:reP.. 
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sediment w3s sampled at nine locations, be~inning at 

the south (Hamilton) extent of the Bar, 25 feet from 

the first groyne_, and then approximately every half 

mile to the northern extremity o~ the Bar. This 

system set up six sampling locations on the beach 

south of the canal and three locations north of the 

canal, which were also used for survey positions. This 

spacing was considered to be adequate for the determin

ation of a regional trend along the four mile B2r, and 

only picked up local effects ~t profile 1. Samples 

were t2ken at each profile at five locations across 

the beach -- the berm, swashlimit, waterline and the 

to~and bottom of the step, since these positions were 

usually evident o~ the beach, and only changed in 

relative position throufhout th~ . sea~on. This sampling 

scheme was repeated on t~ree occ2sions -- Juhe 4, 

August 5 and September 16, 1972 such that a total of 

135 samples were taken. 

The sediment obtained was intended to be 

representative of a constant depositio~al process, 2nd 

to be representative of the whole unit under inves~ 

tigation. · Thus, the sample W8S taken at r8ndom within 

each subgroup - dep0sitional lamin8, but systematic8l].y 

with in the whole ~0pul at ion ( Bl2·tt ~ N1 iddleton, r,l'.urr2y, 

1972). The tcp one centimeter of sediment was re~oved 

fro rr th c ~ .:::> !"' 0 J i fl·?' 1. n c P t i. on t 0 n rever -r c or t ? r i n s t. 5 () n n f' 

the dPr:nsi. t:!.on2l ) . ~~~}P hv wina bl ·'lwn rr:2teri~l; '"!YH1 thiP 
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lamina was s2mpled withjn an eif!.ht centimeter square 

area. 

Outside factors affected the established 

sampling ~rocedure at various times. On August 5, at 

profile 2, a large accumulAtion of weed hid the location 

of the step, and made samplin~ impossible wiihout 

great disturbance of sediment near the step. Also on 

this date, samples were no~ taken at profile 4 due to 

the presence of many swimmers which disturbed the 

natural distribution of beach and nearshore sediment. 

A det~iled sampling procedure i~mediately 

north and south of the canal was undert2ken in November 

1972 for a bomparison with a study done in Nove~ber 

1971 by Bryce, E£~inton 8nd Wilkins. Samples were 

taken starting at a distance of 90 yards fro~ the nier 

at ten twenty yard intervals~ in order to allow a 

sufficient lateral extent of sampling which w~s not too 

widely spaced to lose the pattern of continuity. On 

the north side of the canal, ten samples were t2ken 

at the back of the beach since the remaining portion of 

the beach was frozen, while on th~ southern side of the 

canal, ten samples were taken 2t the mirldle of the swash 

zone. 

Prior to ~hA an2lysi~ of Perl~~cn~s collected 
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used in analysing and measuring sediments was under

taken. By noting the advantages and disadvantRges of 

the two methods chosen -- sieving and visual accurrulation 
,,. 

tube, the most accurate method of analysis could be 

determined and employed in the ensuing study. 

Samples f~r this study were obtained from 

different beach levels -- berm, waterline and the b~ck 

of the beach, on the L2ke Ontario sine of the Burlington 

Bar.on November 19, 1971. 

The first method tested was the, sieving method. 

Sieves at ! phi intervals were used in order to 

introduce an accurate 9verall picture of the sediment 

size distribution, and in order to corr.pare the results 

with the visual accumulation tube results. It was 

decided that one phi intervals would be useless in 

determining sediment distdbution and that t phi 

intervals wo~ld be too time consu~ing and the results 

obtained could not be used for comparison with the 

visual accumulation results. Each sample was dried and 

samples 1, 2, 3, 5, 6, and 8 were divided by using th~ 

divider and weighed as split sand samples. Smiples 4 and 

7 were tre2ted differe~tly because ~f ~heir -~isible 

coarse grained content. They were. · ~i~ve~· thr9u£h a 

-1.0 nhi sjeve jn orrlPr to ~en~~~tA the ~rPnular 

material from the s8nd fr2ction. The tot8] sand fraction 

~ranule fr 2cT ion w~s resieved t~rough -~.5 phi to -1.0 



beaker. Then, all the split sgnd samples were sieved for 

fifteen minutes by machine in sieves fro~ -0.5 phi to 

+4.o phi. Unon completion of sievin~, the contents of 

eash si~ve was ~laced in a beaker and weighed to four 

decimal nlaces. Material in the nan . was treated as 

material finer than +4.o phi. 

There are however certain disadvantages with 

this method. For example:-

1) 	some of the sand particles stick in the Tresh 

of the particular sieves and a measuring 

error is introduced, since the original total 

sediment weight is depleted by a small 

fraction. 

2) 	there is sometimes difficulty in separating 

the sieves and care roust be t2ken 5n orrler to 

keep the contents in the sieve. 

3) 	material, particuJarly fines, mav easily rise 

and be lost, when the material is bein~ 

tr2nsferred fro~ the sieve to the be2ker. Thus, 

again, a measurin? error is jntroduced, and 

4) the sieve falling off the mPchine caoses 2 

disturbance in the distribution of the sa~ole. 

The error f2ctor involved in e8ch of the samu1.es is shown 

results 2re accur;.te 1.~~.in cha.rt 5.1. These to+- _, 

The seco~rl method tested was the viEu8l 

http:accur;.te
http:samu1.es


O?"". 

Sample number Error (%) · 

1 -1.3264 

2 -0.2919 

3 -0.3734 

4 -0.0963 

5 -0.1810 

6 -0.3566 

7 -0.3489 

8 0.0054 

Ch8rt 5.1 Error in ~e~cents~e by thP s ievir~ ~ethnd. 
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mainly sand or samples from which the finer material 

has been removed. This fine material (siJts and cl8ys) 

should be removed to improve the accurRcy of the 

analysis. This size freq~ency aDalysis is based on the 

fall diameter of uarticles 1.n the sample, since the 

sample : particles settle in the visu2l accumul8tion 

tube with hi£her velocities than . tho~e for the same 

particles falling separately. This fall diameter cah be 

explained as the diameter of a sphere having a specific 

gravity of 2.65, and having ihe same termin2l uniform 

fall velocity as the uerticle in unaRit8ted distilled 

water, with the fall velocity independent of 2ny effect 

from the tube walls or adjacent particles (Kru~bein 

and Pettijohn, 19J8). 

Only five gr~ms of the · eedi~ent samule w2s used 

in this tube, for it was the maxirnur. amount ·of material 

which could be used to nroduce RcceptPble results. A 

plug was nlaced in the bottom of the tube, the tube was 

filled with distilled water above the valve, ~rd t~e 

temperature was taken. The chart and oen were oriented 

and the telescope eet with the cross hair at the top of 

the plug. The vaJve w2s closed, the ch~2ber wa2 filled 

to the reference mPrk with ~istilled w2ter 2nd the 

for five seconds, '11he pl1.i.n!!t?r was removed, vr~l ve 
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cross hair on the telescope. 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 yis~ous 

and settling is slower, while the reverse is true with 

a high water temperature. 

There however tend to be many disadvanta~es 

with this method. For ex~mple:--

1) 	material settles at the ton of the collecting 

s~ction and then the m2teri2l settles again 

as it orocedes down this section. Thus, the 

settling distribution of the material is 

dis~urbed; there is a time lag in settling due 

to this double settling, and the correct 

result of settling is not obtained. Thjs 

double settlin~ inrlicates that the tube is too 

small for the sample 8nrl the s~~ple should be run 

again, with less mPterial. This last result 

caused in many cases a reversal in the sedirr~nt 

percenta~e trend between +2.5 ~ and +J.O %· 
2) 	air ·bubbles j n the colurr.n cause the T11a terial 

to be c2rried up the tube and settling is 

a.gain disturbed. 

3) 	 l.f the v2lve is not onened wjde enouP:h, the 

dru~ will not b ~~~n to ~ove 2nrl the sPttljng of 
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hair on the teles~ope even with the top of the 

settling sediment, and this affects the results 

plotted on the chart. It is virtually impossible 

to keep up with well sorted material since it 

settles quickly at one interv?l. 

5) 	sediment coarser than 0.0 phi can not be me2sured 

by this method. ... 

6) 	with the throwing of the valve, an eddy may be 

caused by the falling water, 2nd the settling 

of sediment is disturbed, sjnce the material 

is again put into suspension. 

7) 	 some of the original rraterial is very fine 

grained, thus t2.king longer to settle, and it 

can not be recorded, since the drum records 

material settling for just over three minutes. 

It should be noted here that both results 

obtained by sieving 2.nd the visual accumu18tion tube 

Rre dependent on the splittinv method. By using the 

splitter properly, a sediment sample should be e~ually 

divided. However, the sediment m2y not be rlivided 

equally and this unequal division will influence the 

results obtained by both methods. Jn my anAlysis, this 

possible error is t2ken 3rto account. 

With the d8ta oht2inec1 fro~ sievjng anct the 

visual 2cc1Jr·;ul;-::tion tu1Je, jndivi<iu81 nF?rC'en -t s, ~mo 

CWT:Ul:?~ tjve PC"'C(~:nts \l/Sr'P. C!"'.l]ruhited ~nd -p]ot t PO 28 
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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 

analyzed twice to see if the same result is obtained 

by the sam~ meth~d. AlsoJ an improvement coul~ be 

made with respect to the ch~rt on the settlin~ column 

drum. If the intervals on this chart were %phi 

intervals, a more specific di~trjbution of the sediment 

could be obtained and sieving at i phi intervals could 

be used as a co~parison. 

In conclusion, the results obtained by the 

settling column (visual accumulation) method and the 

sieving method approximated each other. 

Because of the large amount of sediment to be 

analyzed from the Burlington B~2ch, a wide djstribu~ion 

of size classes and 2n analysis of the total sediment 

needed, the sievin~ method w2s chosen. Sieves were 

generally nested in ~· phi intervals from - 2. 0 y5 to 

+4.0 %, but at various times, the nestin¥ of the sieves 

was modified to r2nge from -s.o %to +4.5 %. 
The sam~les were dried in the oven at 120

0 

C for 

approximately twenty - four hours, split into fr8ctions 

weighing fifty to seventy grr·ms usin§! the dividers, snd 

sieved for ten minutes on the rr· Pch~mic-:.il ~h8ker .. 'I1his 

time inte!'v2l w2s thoup:ht to ~e su.it2.ble for the 

aifferentiati0n of sedi~ent into v~ricus sizes. The 

http:rr�Pch~mic-:.il


102 

SAilfPI·E f\~ETHOD HISTOGRAM Cmf1Ul,.ATIVE 
(%) 

mode me Rn standard 
deviation 

1 	 sieve 2.5 fl 2.43 f6_ .36 
tube 3.0 ,0 2.52 ~ .-60 

2 	 sieve 2.5 %. 2.33 %. .30 
tube 3.0 j6 2.52 % .26 

3 	 sieve 2.5 ,0 2. 31+ f6_ .31 
tube · 2.5 j6 2.4·3 f6 .51 

4 	 sieve 2.5 % 1.39 % 1.18 
tube 2.5 y5 1. L~2 y'J .81 

5 	 sieve 2.5 %. 1.46 J6 .74 
tube 1. 0 yJ 1.37 y5 .57 

6 	 sieve 2.0 /5 1.53 y'J .77 
tube 2 • .5 15 1.07 % .72 

7 	 sieve -1.0 % .19 fJ .74 
tube • 5 J6 •hJ f6 .26 

8 	 sieve 1.5 % 1. li-9 % • }J, 3 
tube 2.0 % 1. 33 % .43 

c: v j ~~:__:2 lCh2rt - .. ? 
-~ 



of a gram, and the content of the pan. which usuelly 

represented less than one percent of the total sample, 

w2s considered as insignificant in the determination of 

the overall sediment size distribution pattern. 

5.4 Stat~stical Analysis 

Statistical analysis of the sieved samples was 

carried out.with the use of a computer program modified 

from a Woods Hole Oceanogr2phic Institute progr2m 

written by D. R. Ingram in Ppril 1968. This progr2m, 

using the weight percent of each sj.ze fraction of the 

sample, plotted a histogram and cumulative percentage 

curve, and calculated the main centr2l ten~ency ~easures 

-- mode, mean, median, standard deviation, skewness, 

kurtosis and the coefficient of sorting. This date 

has in part been portrayed as gr2phic displays of 

sediment across and along the be?ch, and in bivari2te 

plots. Only the mean, from which size determination 

can be made using the Udden-Wentworth gr&de scale, . the 

standard deviation, from which the degree of sortinv 

can be obtained using the Folk anrl Ward (1957) sorting 

sc2le and skewness, which is environmentally significant 

(Friedman, 1967) were useful for sedi~ent internretation. 

Kurtosis, the ~eqsurP of 9e2kedness was lgnored, since 

it is not geolo~ically signjficant. 

t_opend j x 1 contains ?J. 1 t!ie OlJ.t"out ri8t:::i for 
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5.5 Interpretation of Results 

The sediment size distribution studied on 

the Burlington Beach showed a large range of variability 

over the three month study period. In June, August 2nd 

September, sediment sizes were noted to vary from 

-J.1 %to +2.2 %• . -2.2 · ~ to +2.3 % and -3·5 % to +2.2 % 

respectively, and encowpass large sediment ranges of 

5.4 %• 4.5 %and 5.7 ~. In all cases, the finest sized 

material was located on the northern siae of the canal 

in the foreshore zone at profiles 2 or J, while the 

coarsest material was loc8ted on the southPrn side of 

the canal in the near-nearshore zone at· either profjle 

7 or 8. Generally, sediment size anneared to co2rsen 

with distance from the canal. 

The degree of sorting also varied consider2bly 

on the Burlington Beach during the three month study 

period. In June, August and September, the degree of 

sorting was noted to vary from 1.9 %to .4 %, 2.3 ~ 

to .4 %and 2.3 %to .4 %respectively while the range 

of the degree of sorting varied from 1.5 %tc 1.9 % 

over· this neriod. In all cases, the best sorted 

m8terjaJ w2s located on the northPrn side of th~ c2n2l 

in the forP~hore zone Pt ~rof5le 2 or 3, while the poor

est depree of sortin~ w2s noted ~t the urofjles 

fArthest fro~ the c2n~l s t t~ ~ extre~5ties of t~e 

n0sjtin~s -- th0 bPrm En ci the ~ottn~ of the sten. 
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Site and Profile Variation 

Profile 1 

The samples taken from the five sampling 

positions over the four month period varied in grain 

size from med1uIT sand (+1.6 ~) to pebbles (+2.1 ¢). 
The coarsest material at all three sampling ti~es was 

located in the nearshore zone at the steu bottom, while 

the finest material w2s found ·at various positions in 

the foreshore zone. Site trends show that the sediment 

sampled at the berm and the swashlimit had coarsened 

noticeably over the second half of the study neriod, 

while the material located at the three remaining sites 

~- the waterline and the step to~ and bottom had 

coarsened during the first half of this period. With 

this increase in sediment size, there was a distinct 

decrease in the de~ree of sortin~, exce~t 2t the berm, 

where no definite sorting trend existed. 

The sediment·?nd sortin~ D8tterns across the 

beach during the June and Auuust sampljn~ ueriods 

showed a general lakeward increase in sediment size and . 

a corresponding decrease in the degree of sorting. This· 

trend was divided into two specific lakeward decreasing 

trends one from the berm to the swashlirnit, and the 

second . from the wciterljne to the sten bottorr. Durin,q 

the Septerrber s2mpling neriod, only the second sn ecific 

trend rerr:2 ined conP.tgnt, while the firr:t trend showf)d 

a complete revers 2l to that formerly est abljshed. 
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Profile 2 

Over the study period, a very small range of 

sediment, medium (+1.5 ¢) to fine (+2.J %) sand, existed 

at this profile. At all three sampling times, the 

coarsest material was found at various sites in the 

nearshore zone, while the finest material was constantly. 

found in the foreshore zone at the berw. Site trends 

showed that over the study period there was a ~eneral 

cyclical pattern with respect to sediment size. The 

sediment became finer grained· by the end of the first 

half of the study period, and then co2rsened to a simil2r 

pattern displayed by the June samples. This pattern 

appeared to be established due to the presence of a 

sediment transport eddy system in the area north of the 

canal (Fig. 5.3). The acco~panyine sortin£ trend does 

not show this cyclical pattern, except at the waterline. 

Only at the berm does this pattern show the expected de

crease in the degree of sorting with an increase in grain 

size. 

A similar coarsening in sediment size lakeward 

is noted acr?ss the beach during the three sampling 

periods. This trend is ~ccompanied in June by the 

expected decrease in the degree of sortin~ lakeward; 

however, a reversal of this trend w~~ noted during the 

August and September samolin~ perjod. 

Profile. 3 



/O<j 
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fine (+2.2 %) to coarse (+.01 %) grained, is characteris

tic of the sediment size distribution found at this 

profile over the study period. The coarsest sand 

fractions were generally found i~ the nearshore zone at 

various sites, while the fine grain fractions were 

confined to either the sw2shlimit or the berm. · -Site 

ans.lysis shovied that a cyclical pattern, influenced ·by . _. 

the eddy system in the area north of the canal; existed 

at the swashlimit, waterline and step top. The 

sediwent taken from the extre~ities of the site locations 

-- the berm 2nd the step bottom, did not conform to 

this cyclical pattern, but became finer gr2ined over the 

study period. The sorting trends at all five sites 

showed the expected decrease in the degree of sortin~ 

with the coarsening of sediment·, and·, over the· four 

month study period, all the sites gr2dually ~hewed a 

higher degree of sorting. 

The sediment and sorting natterns acres~ the 

beach durin? the four month study period showed consid

erable variation. Generally, a coarPenin~ of sediment 

size lakew2rd, accompanied by a similar decreasing 

degree of sorting Was noted during June and August. 

During the month of September, only the sediment trend 

is reversed, such that now the sediment coBrsens lake-

ward. ~he sortin~ degree was anomalous with resnect to 

t.he expectP.d trend 01;_ring Senternber. 
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Profile 4 

The sediment sampled at profile 4, over the 

period of four months, vnried in size from very coarse 

(-.9 %) to medium (+1.5 %) sand. The coarsest sand · 

was found during the study period in the nearshore zone 

at various sites, while the finest material was loc2ted 

at various sites in the foreshore zone. Site trends 

showed that the sedireent located at the berm and swash

• 
limit ~oarsened noticeably throughout the an2lysis 

period, while the m2terial ~t the remaining three sites 

-- the waterline and step top and bottom became finer 

grained. The site sorting trends showed no correlation 

with sediment size, but bec2me progressively poorer 

sorted. 

The s~d.iment trends across the be2ch durin~ the 

June and Septemher sam~linF periorls showed a gener?l 

lakeward incre2se in sediment size. This trend can be 

divided 3nto two z0nes -- the foreshore zone and the 

nearshore zone in which minor varying specific trends 

could be noted. The expected sortin~ trend, with respect 

io sediment size, only existed in the foreshore zone 

during June, and the nearshore zone dur1ng September, 

while the remaining zones were anomel.ous to .the expected 

· pattern. The anorn~lous trend rnay be due to the influence 

that the sediment rlischAr~ed from the canal had on this 

profile. 
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Profile 5 

Over the four month study ~eriod, sediment 

size at this profile varied from medium sand (+1.J ~) 

to granular (-1.7 f1) material. A..t all three sampling 

.Periods, the coarsest material was located at the step 

top in the nearshore zone, while the finest material was 

noted to exis~ at varying sites throughout the foreshore 

zone. Accordjng to site analysis; the material located 

at the berm, swashlimit and step bottom coarsened; the 

material at the wa·terline bec.ame finer; and, the material 

at the sten top showed a cyclical u2ttern over the fcur 

month study period. Accompanying these v2rious trends 

was a v~riable sdrting pattern which existed irrespective 

of sedjment size. 

The sediment and sortirig patterns across the 

beach during the . four month sturly period sho~ed a 

gen~ral lakeward increase in sediment size and a 

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 ~rain size~, medium sand 

(+1.1 f) to nebble material (-J.O %) W?S found over a 

four month study ueriod Et this nrof5le. Site analysis 

showed tbat the co~rsest m8teri2l w~s founrl 2t v~rious 

sites ln the nearshore zone, with thA ex~~pt5oh of the 
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September study, when ~he coarsest material was located 

at the berm. The finest material was found at various 

sites in the foreshore zone. The sediment located pt 

the step top remained constant over the study period, 

while . the material at the four remaining sites coarsened. 

Accompanying this increase i~ sediment size, except at 

the berm and swashlimit, w2s a decre2se in the degree of 

sorting. 

A general coarsenin~ in sediment size lakeward; 

accompanied by the expected lakewprd decrease in . the 

degree of sorting was noted across the be2ch durjnp 

the four month study period. Only slight modifications 

of these general trends were noted to exist within the 

encompassed specific trends. 

Profile 7 

The variation between medium s8nd (+o.4 f) 
and pebble m?teriaJ. (-3.5 ~) is characte~istic of the 

sediment founrl at this location over the Ptudy period. 

rhe coarsest materjal· was found at all three sawpllng 

times at v~rious locations in the nearshorP zone, while 

the finest meteriPl was loc2ted at various sites within 

the foreshore zone. Site analysjs showed thAt t~~nds 

v2rierl consider~bly from site to site. Fer example, the 

material located ?t the berm and step bottom coRr~ened, 

the sed3~ent at th~ sw8shl5~it ?nrt waterline rem2ined 

const2nt, anrl the ~at0ri2l at the ~tep top sh0we~ 2 
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cyclical trend over the study period. These trends 

were accompanied by v8ryin~ sorting trends which showed 

that the coarser grained material had a poorer degree 

of sorting than the finer gr2ined m2teriBl. 

The sediment an~ sorting patterns across the 

beach during the June and August sampling perfods 

showed a general increase in sediment size and a 
. 


co~responding decrease in the degree of sorting lakeward. 

During the September sampling period, a corr-plete 

reversal of both the sorting and - sediment trends W8S 

A .noted. gain, slight modifications of these general 

trends existed in one of the two suecific trends. 

Profile 8 

~edium sand (-0.6 %) to uebble material (-2.9 ~) 

characterized this portion of the beach over the four 

month study period. Site analysis showed that the 

coarsest materi~l w?s found in the ne2rshore zone at 

the bot~om of the step, except during the September study 

period, when the coarsest material w~ s found at the berm. 

Generally, the finest grained materi..al was found at 

various sites in the foreshore zone, with the exception 

of June when the finest material was found in the near-

shore zone 2t the step top. No consistent trends 

existed :::i t 2n ~r of the -five sj tes. Ins t e?d, the serlhrent 
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berrh exhibited. a cyclical pattern, while the sw2shlimit 

showed no distinct trend. As exnected, there existed a 

wide variation in sorting trends which existed irrespec

tive of sediment size. 

During the ·June and September sampling periods, 

similar ¥ener8l sorting and sediment trends eiisted 

across the beach. The degree of sorting decreased land

ward, and the sediment siz~ coarsen?d in the same 

direction. The August samnl5ng period, howevP-r, showed 

a complete reversal of both these trends. 

· Profile 9 

This"urofile, over the four month study period 

consisted of sediment v~rying in size fro~ co2rse sand 

(-1.0 %) to pebble material (-2.6 ~). The coarsest 

material was found at verious sites within the near

shore zone, while the finest m8teri:=il w2s found at 

either the swashliMit, or the wet0rline over the study 

period. Site analysis showed that two distinct trends, 

with regard t6 the sediment size ~n~ thR deg~ee of 

sorting existed. The sediment found at the swashlirnit, 

waterline 2nd sten ton h2d coarsened over the neriod, 

while th2t loc~tA~ ~ t th~ berm 2nrl ~ten bo~to~ ~~a a 
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the nearshore zone. 

V2ri2ble trends across the beach were noted 

between the three sampling periods. During the June 

and August sampling period, there was a general inqrease 

in sediment size lakeward which was ~ccompanied only 

in August by the exnected decrease in the degree of 

sortin~ lakeward. The degree in sortir.g during June 

decreased 12ndward. Both sediment and sorting patterns 

established in August had been completely reversed by 

September. 

Several similar ~nd different sedirrert and 

sorting trends were evident throughout the four m~nth 

pe~iod at v~rious profiles. In June, a general 

coarsening trend existed at ~ost locati0ns and w2s only 

modified by one of the two snecific trende at profiles 

3, 4, 8 and 9. During the Au~ust S8mpling 9eriod, this 

general lakews rd trend remained const2nt, 2nd only 

durin~ the final sa~pling period was this trend reversed. 

Modifications of this September trend by one of the 

specific trends exjsted at profjles 1, 2, 4, 5 and 6. 

Accompanying these general sedirrent trends were sorting 

trends which showed a similar V8ri2tion 8t e2ch 

sawpling neriod. In June, 211 the ~r~~iJes shnwed e 
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for one of the specific trends at urofiles 2 and 7. 

A complete reversal of the ~eneral trend, except 2t 

profiles 3 2nd ?, and at one of the S"'9ecific trends at 

profiles 4, 6 and 7 existed during the.final samp1ing 

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 deuendent on the competence of the 

transporting wedium. As the competence decreased, the 

coarser fraction of the ~aterial in transport W8S · 

deposited, 2nd the remaining susnended ·materi2l bec2me 

better sorted. 

Sediment co~po$ition (size-wise) is determined 

to a large extent by transpo~t syste~s -- wave 2nd 

longshore currents, which themselves are governed by 

wind condit.ions. These wind crmditirn1s, in the 24 hours 

prior to samplin?, and during the sampline period were 

observed in an attempt to correlate wjnds with sorting 

and sediment size. Apparently, there was no correletion 

between these three factors, with r8s~ect to trend 

determ in .2_ t ion • I f th is v,r ere so , th en s i rn i 1 a r tr~n d s , 

instead of the reverse, shoula hAve existed hetWPen 

September and June, when win~s blew 8J.4% 2nrl 100% of 

the time fro~ sj~ilar directions -- west 8nd south-west. 
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Regional Variation 

The statistics, meBn and standard deviation 

calculated for each site at the nine profiles on the 

Burlington Beach were plotted 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 processes which were in existence along the 

beach. These plots are shown in Fig. 5.4, and it should 

be noted that the horizontal scale is nroportional to 

the distance between profile stations. 

The plots show that there was a gener~l overall 

decrease in the size of sediment from profile 1 to 

profile 9 at the top and botto~ of the step, and at the 

waterline. A £ew exceptions to this trend were noted 

only at the berre during the September study, and at the 

swashlimit during both June and August. Thie general 

trend when observed closely could be subd}vided into a 

two component system -- that systerr de~ined by the 

stretch of be2ch from the canal to pr0file 9. and the 

reverse system frore the canal to profile 1. 

Three distinct · trends have been noted to exist 

in this last reverse system -- that of a coarseninff 

sediment trend to ~refile 1, that of no trend, and that 

of a co2.rs ening trend to the c2ns 1. T11 P n. rst tr~nrl, 

of 2 co2rf-">ening of s 0 diment tow2rd profile 1, existed 

dur3n~ the seconrl h~Jf of the s~mplin~ oeriorl st the 
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step bottom, and during June and September at the 

swashlimit and waterline respectively. 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 swashli~it respectively~ Only 

once, at the waterline during the month of June did the 

sediment coarsen towards the canal. 

The first component system, between the cPnal 

and profile 9, showed a main trend of sediment coarsening 

sbuthward. This wes seen at all five sites, except at 

the swashlimit during August, when the sediment coarsened 

to the canal, and at the top of the sten in June~ when 

no trend existed. 

This variation in trends in onnosite -directions 

from the c~nal has led to the suggestion that the sedi

ment composing the two component systems has origin2ted 

from different source areas. This is also substantiated 

by the fact that the sediment on the north side of the 

canal was finer grA5ned, and showed less vari8biligy 

i~ sedima1tsize except in August, and in June at the 

step bottom, than the sediment locAtefi on the southern 

side of the c2naJ.. . These trends are shown in Fig. 5. 5. 

The re rr ionel two co~ o0nent system which 

appeared to b0 influenced. by different source 2reas w2s 

analyzed by 2 sec 0nd way. The ~ e2n of the five sjtes 

W<l S CP.lcul RtPd 8!1. d !) lot t ed for e ~ ch of th1=.: njne Dro f'il 0 
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JUNE 

Profile # . A B c D E 

. 1 

2 


3 


CANAL 


4 

5 

6 

7 

8 

9 

M ~ M 

M 

M vc 

M vc 

M 

vc 

vc vc vc 

POSITIONS SEDil'tENT STZE MEAN 
A berm F' fi~e 
B sw2shlirnit IV1 TT'ediur.i 
r. waterline C coarse 
D too of steu V~ very co2rse 
E bottom of ste~ G granule 

P nebble 

--+ coarsen1n~ trends 
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AUGUST 

Profile # ' A B c D E 

1 l\f. 

2 F 

3 M 

CANAL 

4 ;... 

5 fvi 

6 

7 c 

8 ~ 
9 

<ii) 

F 

IV! 

vc 

G 

c 

G 

vc 

G p 

POSITIONS SEDI~ENT SIZE WEAN 
A--berrn F--fjn~ 

B--swashlimit M--medium 
c~-waterline C--coarse 
D--top of step VC.;..-very co~r~e 
E--bottom of step G--gr2nule 

P--pebble 
-----+ coarsenin~ trends 

Fif. 5.5 continued 
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SEPTE~~BER 

Profile # A B c D E 

1 

2 


J 


CANAL 


4 

5 

6 

7 

8 

9 

p p 

M M M 

M F F 

® c 

vc G 

vc 

?.p G 

p G G G 

POSITIONS SET)H!ENT SIZE r.r ~ .tiN 
A berm F fine 
B swashlimit M medium 
C w2terline C coarse 
D top of step VC very coarse 
E bottom of step G qranule · 

P pebble 

----.. coa.rsening trends 

Fir-. 5.5 c ont inued 
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locations. From this plot ·(Fig_. 4.6), the d8ta for 

the August and September sampling periods shows a 

distinct . increase in sediment size as distance from the 

canal was increased, while the June period showed this 

trend only on the south side of the canal. Again, two 

separate source areas appeared to be su~gested~ 

The regional degree of sorting showed that there 

were a great many variable trends, but these trends 

generally reflected a decrea~e in sorting with a coarsen- · 

ing of sediment. Also, these trends reflected the 

influence that the differinf; sediment size distributions 

on either side of the canal hAd on the sortin~ svstem 

better sorting wRs present on the north si~e ~f the 

canal (Fig. 5.7). 

Population Distinction 

.E.nvironrrentP.lly signific8nt moment measures, 

mean and sta~d2rd devietion, when co~bined and plotted 

as bivar5ate plot~ may show distinct environments. 

Thes~ environments however may not be distinguished due 

to . the tyne of source material and its influence within 

~he syPtern, or due to the infJuence of the verying 

processes over the beach system, .or both. For exa~nle, 

in usin£ this plot, the S8~nled area c2~not be assurred 

to be influenced by just wave denositional processes, 

for S8nd oistr5.hut j on fror.: 8 be8ch i!! 8y 2J.sn bP. due to 

other proc esEes s u ~h 8S winds. 
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JUNE 


Profile # A B c D E. 

1 w N' 

2 w M 

3 

CANAL 

p4 

/J M 

1'f 

p5 

6 M D 
!. 

p u 
.I. 

p7 

p p8 P· 

9 /if\(p p p® 

POSITIONS SORTING 
A berm W 'Nell 
B swashlimit. NW moderately 
C w·aterline well 
D top of step f\'! I:Joderate 
E botto~ of step p · poor 

--.......- decreasing degree of sorting 

p; 
·· · ~ · 
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POSI'I'IONS SORT!!VG 
A berrr W well 
B swashl]_~i t f\·1W rrioder2tel"".r welJ 
C w2te!"'line f/T rr1ofler2te 
D ton of steo P poor 
E bottom of step VP very uoor 

------.. decreasing degree of sorting 
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SEPTE'l\~BER 

Profile # A B c D E 

1 P .=p v. 
2 MW ~~· ~ 
J M w 

CANAI. 

p4 

.5 

6 p p p 
. .. 

p p p7 

8 p p p 

p p p9 

POSI'l1IONS SORTING 
A berm VI well 
B SW8Ehlimit rrw moder2.tely 
c waterline well 
D to~ of step M moder2te 
E bottom of step P poor 

VP very poor 

--+ decreasing degree of sorting 

Fie. 5.7 cont5nued 
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Beach, showed no distinct environments existed in June 

and August. These ·9lots only showed that the north side 

of the canal sediments were finer grained and better 

sorted than the south canal sediments. The variability 

of wind conditions, and associated wave and longshore 

conditions within 24 hours of sediment sampling ~ay be 

the cause of non-environmental distinction. The 

bivariate plot for Septemb~r hcwever does show two 

distinct environments, when the sediment sampled from 

profile 1 was considered as representative of a local 

source. The two environments distinguished over 

relatively constant 24 hour wind conditions were that 

of the souttt canal system and that .of the north c2nal 

system. This subst8ntiates the regional trends which 

suggested that two distinct environ~ents caused by two 

distinct source areas existed. 

Long Term Chanres 

It is impossible in the restricted period of 

this study to view the long term chanres in the 

Burlington Beach system. A study done in 1971 (Bryce, 

Egginton, and \'liH:ins) concerning °th'? v2ri2bili "ty of 

se~iments on ~oth ~~~es of _the c~n2l Rnd the surg estion 
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Sediments analyzed for the north side of the . 

canal showed a distinct, similar trend over the yearly 

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.J and 4, 

where the sediments were similar in composition. The 

1971 study showed that all . the sam~les consisted of 

medium grained sand. This was just one grain size 

coarser than the material found at the north side of 

the c2nal. The· ~ediment in the 1972 study varied 

considerably, from granule (-1.6 ff) to medium sand 

.and thus va~ied greatly from the sediments on the north 

side of the c2n~l. 

Environmental determination by the ul,...,tt ing 

of environrrentally s5gnificant parameters me~m 2.nd 

standard deviation, is shown in Fig. 5.10 . As 

eipected, two distinct environ~ents on either side of 

th~ canal existed. This fact also can be seen with 

respect to the skewness values. The sediments located 

a~ the north side of the canal had positive skewness 

values indicative of an aeolian environment (Fried~sn, 

1967), whJle most of the south canal sedjrnents were 

neg2tively ekewed, and we~e re~resent~tive of a be~ch 

envjronrreY1t. 
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along the beach as did the characteristics of the 

environment, specifically with respect to the south 

side of the canal. 

5.6 Conclusions 

After sieve and computer analysis of the. sediment 

samples taken from the Lake Ontario side of the Bar 

was completed, an interuret~tion of the results showed 

that a wide range of sediment size -- pebble to fine. 

sand existed on this beEch curing the stuc~· period. 

Generally, the finest and best sorted mat0rial w2s 

located in the foreshore zone on the north side of the 

canal at prQfiJ~s 2 and 3, while the coarsest m2~0ri2l 

was found in the nearsh~rB zone on th~ south side of 

·the canal ~t profiles 7 and 8. The poorest de~rPe of 

sortinf was noted t0 exist 2t the nrofiles f2rthe~t 

froni the can2 l -- !)rofiles 1 and. 9 •. 

Profile ?.nalysis shovied that one gener81 ~ortir.z 

and serliMent trend usually existe~ 8t eRch prnfile, 8nd 

th2t thjs trPn~. contained twc si~il8r specific trends. 

During June and August, s5;riJar lakevrnrd co2.rsening 

sedirrent trends were present, while durjng the Sente~ber 

study period, these trends were noted to have bePn 

completely rPvPr~0ct at most p~ofile loc2~ions. Certs in 

exceptions however rlid exi 2 ~. Site 0nalysi2 also 
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established patterns. At .prof1les _2 and 3, cyclic2l 

profile and site patterns ex.isted due to the uresence 

of a transport eddy system which had established itself 

on the north side of the canal during certain periods. 

The system wa~ probably influenced by the presence of 

the canal. The canal also influenced to sorne extent 

the sediments at profile 4, for sediment output from 

the Harbour side of the Bar usually drifted towards 

the south. Both sj te and profile 2nalysis. showeii th2.t 

generally with a decrease of sediment in grain sjze, 

there was an increased degree of sorting. 

A total view of the main sediment p2r2meters 

along Burlington Beach sh0wed th2t there w:..is 2n ove~2_ :u_ 

incre2se in s~di~ent size 2nd an 8Cco~u8~~ing decrease 

in the degree cf sortin~ frc~ profile 1 to profile 9. 

Included in this overall pattern were two spec~fic 

systems the syste~ defined by Canal South, 2nd th2t 

defined by Canal No~th. _Both of these syste~s showed 

· a coersening of sediment accompanied by a decr~?se in 

the degree of sortine with 2 decrA2sin~ diEta~ce f~o~ 

the canaJ.o These system trends both suggested the 

possibility that there were two distinct source 2re2s 

for the rr2terial. 

Statistic~J r2~·::<mP.ters -- !"NH)_ ~nd standard 

devL::tio:n v:hen n:lntteo on G b:iv2ri 0te D1rt onlv shcv;ed 
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September study period. This confirmed the possibility 

of two source areas. The plots for June and Au~ust 

both showed some mixing of the two defined systems. 

Long term changes in the areas adjacent to the 

canal showed that the sedirrent at the hack of the beach 

on the north side of the canal remained relaiively 

constant over the one year study period, while the 

sediment taken from the mfdrlle of the swash zone on the 

south side of the canal v2ried considerably. It was 

expected that when the statistical ~?remeters me?n 

and stand~rd deviation for both times and a~eas were 

plotted on a bivari2te plct, two distinct beebh 
-

environments would be outlined. These environ~ents 

distinguished wind blown sediments from be2ch sed!~snt s. 



CHAP1I'ER 6 


A · THREE DIIV ENS IONAL STUDY OF 


THE BURLINGTCN ~E~crr 

6.1 Purpose of Core Analysis 

Drill tores are taken a2 a means of obt2ining 

the three di~ension2l aspect of a system which h2s 

only been considered as a two dirrension8l ~ystem. It 

is the pur"!Jose of this chapter to invest5 g2.te the 

nature of beach sediments found in the three di:reY-!S5 0naJ. 

system at Bur] jngton Bar,. a.nd to see if these sedirr. 2nt~ 

varied through time. Vari2tion with resnect to time 

may ~ead to ihferences concerning the processes 

one:r2tive on tre exposed be2ch sedirr.ents 2t 2n--; 

particular period. Also, thjs ch8nter examines the 

internal beach structures, the ccrrelPtion 2nd 

variation between sediments taken fror.· two distinct" 

environments -- the foreshore, and the nearshore, 2nd 

the variatj_on ir geochewistry between the upper sarrples 

and bottom samples of the ccres. 

6.? S8mplinc Procedure 

On December 14, 1972, an atte~p~ to obt~in 

l ")o 
. ..) / 
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ho\\'ever had to be rn.odified since lirnit2tions of the 

Beachcor equipment restricted its use to the foreshore 

or nearshore zones of the beach. Of the r?2ny attenmts 

to obtain cores in the rNrpective zones, only one 

partial core was obtained in the nearshore zone at a 

water depth of two feet on ·the north side of ~he canal 

at Burlington Beach. The remaining cores which were 

analyzed, were obtained from the Canada Centre for 

Inland Waters (Burlington). These cores were collected 

on August 11, 1972 on the north-side of the C8Yl2l on 

Burlineton Beach 2t an el~vat3on of a~proximqtely one 

meter above lake level. and on October 24, 1972 off

shore of Burlington Beach in 2 W8ter depth of 

approximc..tely four rneters on the north sj de of ·the 

c2na1. 

Beachcor 

Sediment cores were t ~ ken usin~ the beachcor 

equipment (plates 6.1, 6.2, and 6.3) suprylied by the 

Canada Centre for Inland Waters. The whole beschcor 

system w2s dependent on the ~resence of water for its 

operation, therefore, sa~ples could only be t?ken in 

the foreshore ~n~ nearshore zones. The inteke vaJ.ve 

end attached hose, which w~s connected to a pu~n, w~ s 

~]aced 5n ~he w~t0r 2bout fjve to sev0n vards f~0~ 



Pl2t~ 6.1 Be2chcor 

Plate 6.2 Be8chcor 



l ·

Plate 6.3 Beachcor 
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through which the vrnter w_af; ch2·nnel 1 ed. The w2 ter 

then flowed between the inner and outer shafts, and 

the exerted pressure forced the be2chcor into the · 

sediment. Before the entire coring ~rocess was begun, 

a compressed ~lastic liner was inserted into the inner 

shaft of the beachcor. At the bottom of the inner 

collecting shaft, a safety c2tch was att2ched such 

that the sedimerit once it had been collected woulrl be 

securely held in the then extended ~l2stic liner. Once 

this system was in operation, another liwit2tion soon 

became evident. The beachcor could not be used in 

uncompacted sediments which contained pebble material, 

_fdr the pebbles cJ . og~ed the 09ening at the b2se nf the 

inner shaft, and thi·s would not allow the collection of 

further sediment. Once the core h2d been collected 

successfully, it was sealed 2nd ni2ced iri cold ~tor8ge 

until it was re2dy t0 be an~lyzed. 

6.3 Laboratory Procedure 

U~on recover, the core was ra~1 . ogr2~hed by 

an industrial x-r2y ~nit (Rukavine, 1967) . such thet the 

internal ~tructures of the core, which were otherwiee 

obscured, could be revealed. 

Each snecj_fic subsection of the core w?s 

desc~·:L'.lec in ter!rs of loc2tion within the corr.::P, thick
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same sieve method described in ~ection 5.3, but the 


material finer th8n 4.0 %, which w2s present in uer


centag es of .1% to 10.1%, w2s tre~ted as combined 


silts ·and clays. 


6.4 Str.tistic2l Analysis 

Statistical analysis of the samples 8n2lyzed 


from -the cores was carried out using th~ cowputer 


method d~scribed in section 5.4. This data obtained 


from this method particularly me2n and standard 


deviation, h~rl been dispJayed a s a bivariate ~lot. 


6;5 Interpret2tion of Results 

The characteristics of each core are fenerai to 


that core, and therefore, ~ach will be discus~ed 


separately. 


Core 1 


This core t::>ken 8t BurJington Beach on the 

· ·north side of the canal, one meter. above se2 level, 

consisted of sano size sec i rri ent which varied only 

slightly in ~ize within thA fine fraction and between 

the fine and rr.ed ium sized fr2ctions. This slight 

vari2ticn suggests that similar environments existed 

durint: the Der.iod of d0po~ j t:10n of tl;p rr2tprj ?. 1 founrl 

in the core. A jist ~ n ct decre~~e in the defre e of 

sorting ws s n~terl hPtween ~he top and th e bo tt o~ of th e 
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faster duririg the exposure neriod of the sediment at ~he 

base of the core than during later exDosed accumul2tive 

periods, or, wind. or water winnowin~ had not had a 

chance to sort the m~teri2l. Only once, at depths 

between 27.4 and 33.9 ems. did skewness sugqest the 
\ 

possible exi.stence of wind blown sediments. ·All the 

remaining skewness values were neg~tively skewed and 

sugfestive of a beach environment. The colour of the 

sediment b2came darker, and the abundance of neb~les 

became greater towards the base.of the core. All the 

sampled s ections of the core contained C8rbon2te and 

sul!)hur material, while oth e1:' f eatures such r~s wood 

fragments, tree b2rk, shells, concentr2tions of dark 

material, clay pockets 2nd plant roots were disnersed 

throughout various sections of the core. 'l'hree distinct 

types of laminations were _observed frorn the radiograph 

of this core. Bet~een 21.5 Rnd 26.3 ems. rinple 

laminations were eITphesized by concentr8tions of heavy 

minerals, diffuse lamina tions were present at depths 

between 33.9 and 42.5 ems., and fin~llv, disturbed 

iaminations were nresent between 42.8 and 49.1 ems~ 

below the ton of the core. 

Core 2 

~hiR core , t8ken just nort h of the c~n~l on the 
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of the sedirrent loc2ted cit . a de.pth between 28.1 and 

h . f . . d 'l' h . . . 1 . t .32 2 ems., h . was ine gra1ne • is s1m1 ar1 y Jn• w_1c 

Sediment throughout the core is suggestive of similar 

denositional environments. Towards the b~se of the 

core, the degree of sortin~ decreased, but at the b2se 

of the core, the sediment became better sorted. ~hese 

degrees of sorting sug~est that winnowing processes h2d 

been more active on the sediments deoosited in the upper 

portion of the ·core. All the SRmples h2ve neg8tive 

skewness values which are indicative of a be2ch 

environment, Rnd contain c2rbonate m2teri2l. ro2t of 

the sample~ also were homogeneous in sed5rent col'T'position, 

but a few cl2y pockets, pebbles, and br:nds of c02.r::-e 

material were distributed throughout the sedi~ent. The 

colour of the sediment was noted tb vary between the 

top and the bottom of the core, while sul~hur m2t~ri2l 

was only noted to exist in the tonrrost sAmple. T:enticul~r 

cl8y lamina and rioole . 8nd cross laminstions were 

evident throughout the core from the radicgr~phs and 

were gener2lly outlined by coarser m~terial. 

Core 3 

Core 3, taken in the S8~e gener2l 1oc~ti0n 2s 

core 1, consisted of sand si~ed rn8teri~l which w2s 

medium gr2ined at the ton of the core, 2n~ then alter

nate~ with depth ~n SPctions of v ~ry fi~e 2nri f5n~ 22nd . 
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ems. This v2riation in material sufgest a ch2nge h2d 

occurred in the depositional env~ron~ents . over ti~e, 

sue~ th2t durine specific periods, a stagrant depositional . 
area, indicated by the or~anic m2terial, orob2bly 


existed. Within the sand secti~ns of thjs core, the 


degree of sorting -- welJ to morler8tely well, sugrre~ted 


that simiJRr n~erRtive nrocesses existed durin~ the 


denosition of the send rn8terial. All the s~ewne~s 


v2lues·, except th~t c2lcul~ten 2t denths betwe0n sr.. 0 


to 6?.S ems., were neg8tivelv skewed 8nrl sug~estive of 


a beach environ~ent. The colour of the sediment 


varied throughout the core from th2t af bl2c~ to 


medium an~ light· brown, and in pl2re~, b2nd~ ~f-derk 


lc.minations 1Nere of three t~.'~e~ -- cro~f: l~r'..i.n2tion2 

( 2 2 • 0 c~ 2 • depth ) , ~ 1ffus e 12n i ~P t j ons ( 3 3 • 0· c~ s • d ~"0th ) , 

~nd p8rallel or sljfht r3n~le la~in8tions (55.r. crs. 

depth). All the sect~~ns ~f the core cont25nPd soFe 

sulphur 2nrl c2r~on2te rr2teri2l, wh5le th~ cnntert ~f 

clay_poctets, shell~, bark, twi~s~ peb~les a~rl root~ 

~ decrea8ed in the senrl fr~rtions with depth. 

Taken ?t Bur]incrtop Be~s~, just nort~ of th0 
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layers located between 10.0 to 11.0 ems, 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 sugPests 

that distinctly different environments existed during 

depositional historyo Again, the presence of org2nic 

materiel suggested that stagnant water or marshy 

conditions existed foi three short periods. The degree 

of sorting of the sand fractions 2s expected varied 

throughout the core, and generally, the co2r2er ~r~ined 

sediments shov1ed the poorest ·aegree of sorting. At 2.ll 

depths except between 28.0 to J?.O ems., skewness W?S 

indicative of 2 beach env.irom11ent since 211 the v2lues 

were neg2tive. Throughout this core, sedi~ent colour 

var5.ed from black to d8rk and light brown, c2rhon2t~ and 

sulphur rn2teri2l were present, ·and the concentr2t:cns 

of organic matter, pebbles anrl shells varied · consider-

2.bly. OnJ.y in the lower hs.J.f of the .corF' we-re dif.c·use 

Core 5 

This core, taken in the s~me location 2s core 

1, appea~ed to be n2rt of 2 core t?ken at depth. It 

consisted of a STT'all v2.!"'i2b il i t'.r of sen iment in the fine 



only very slightly decreased in degree towards the co~e 

bottom. Within this core, 211 the skewness values 

were negative, indic2tive of a beach environ~ent; all 

the medium brown sand sections contained carbon2te 

and sulphur material; and in e~ch of these sections, 

ripple laminations were em~hasized by dark heavy minerals. 

Towards the bottom of the core, the ~~terial didn't 

appear 2s homo~eneous as it was at the core to~~ Pnd 

pebbles and la~\rers of organic matter h2ri bPen incor

porated. into the serliment. 

Foreshore .Sediments 

~he.cores taken in the foreshore zone n6~th of 

thA c2nal on BurJington Be2ch showed 8 v2ri?billty in 

sediment size fro'!11 very fine to med i urr: sc=ind. No 

distinct 12yers caul~ be cor~ela t ed fro~ core to core, 

but generally, it could be stated that oper2tivF tesch 

processes h~Ve heen similPr over the 08St fnrrr8tion8l 

age, with the exceotion in olaces of conditi~ns, rrost 

likely st8fn?nt water, which le~ to the ~eneration of 

a·rgc:mic layers. On the bjv8riate plot, most of the 

presently definerl foreshore cores fell within the s2me 

en~iron~ent2lly defined r2nRe, with the exception of 

one Doint, frorr t~0 b~se o~ core one, which feJl within 

the are2 defined by the ne2r~hore cores. 
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Nearshore Sediments 

According to the bivarjate plot, the pre~ently 

defined nearshore sediments are representative of 

totally distinct environments. ~he characteristics 

previously defined for core 4 and core 2 can not be 

correlated to ~ny degree, thus it may be stated that 

completely different process f2ctors were ouerative · 

during the past form2tional period at both core loc2tions~ 

6. 6 IV'.ineralogy 

The sediments of the cores when observed 

under the binocul::}r microsco-oe showed similsr minET?l

ogical co~ponents. The main minerals notFd were 

calcite, muscovite, biotitA, chert, sphene, horn~~ende, 

~otash feldspa~, plsfioc}ase, qu2rtz 2nd olivine. 

granitic rock fr2P1Tlents, 2edirnent2ry rock fr~P-ments 

predominantly sh8les and c?rbon2tes, 2nd sorre rock 

fr2~ments which exhibited a schistose nature were 

~resent. Most of these minerals and rock fr~~ments were 

present in the 2n~lvzed core Eediwents, anrl only varied 

in abundance from sample to s2mple. 

6.7 Element Analysis 

Labor2_tory Proced 1Jre 

S~rrples collected from the top and the hotto~ 
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ably in composi tlon. However, beforf} ea.ch sen~pJ.e could 

be analyzed, the fraction of the sedirrent finer than 

2.5 %had to be mixed with eraphite (containing .025~ 

Pd) in a 1:1 ratio in an agate mortar. The sample 

was then packed to the top of a graphlte electrode 

and placed in the spectrograph. A ·four ~m • . arc gap 

existed between the pointed upper fr2phite electroae 

and the electrode contain5ng the sample. The sa~ple 

w2s then arced for 60 secon~s, rlurin~ which tirre the 

spectra, between 2200 A and h80C ~' was recorded on 

camera plates. 

Interpretation of Results 

The main elements which could be deter~ined 

from the spectrof~sph method of ~n2lysis were silic2, 

manganese, magnewiu~, 5 . rn~, 2Jurinu~, sorliu~, tit2nium, 

\ ',....,n'"'di"um c~lcJ·11't'V\ rr" olvbc~e-ri 11 1""0a. t ~--- - -· • '· t " ..J..v · ' ~~·- 1 "- t strontium, b2riu~ 2nd 

c2rbo;i. · T~eFr-; eleFents v~::nj_ed in 21nounts with respect 

to their loc~~ J o~ in the core an~ between cores. Since 

the v2.ri2bility of elements wjthin e2ch core w2s of 

interest, ecch core 'nill be discussed separateJ.y. 

Core 1 

Only the 2ediment e~~ple 2n2ly7Pd by t~e 

core 
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Core 1 -- Base 

1·000 1000 1000-100 100 I 100 

Si, IV'.n' 
IVg' Fe, 
Al, Na, 
'l'i' v 

Ca Sr, Ba, c 

Core 2 -- Top 
> 

1000 1000 1000-100 100 100 

Si, Mg, 
Fe, Al, 
f\ro' Na,
Mn, v 

Ca Ti, Sr, 
B2, 

('I ...,, 

Core 2 -- Bettor.; 

1000 1000 1000-100 100100 

rp. (1CaSi, N:g, .... 1, ~r, v 

Fe, Al, Ba, 
Mo, Na, 
rv:n J v 

Core 3 - Top 

1000 1000 1000-100 100 100 

Si, Mn, 
Mf, Fe, 
Al, [fa, 
Ti, v 

Ca Sr, Ba c 
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Core 3 -- Bottorri . 
1001001000-10010001000 

" 
<::! • cBaCa...il' ~ft g' 
IV~n, Fe,· 

IAl, N8, 
~\.1, Sr, 
v, 

Core 4 -- Top 

100JCO1000-10010001000 

Ca Ba I"' 
\.~Si, f{f'_ , 

Fe, Al; Sr 
Mo, N::i , 
Tj' I\f;n, -v 

Core 4 -- Bottom 

lOCO 1000 l000-100 · 100 100 

Si, rrg, 
Fe, Al, 
Tfo, Na, 
v 

Ca. 1Vn' Sr Cu C,
'11 •
-1 

Core 

1000 

5 - top 

1000 1000-100 100 100 

Si, Mv, 
Fe_, Als 
Mo, Na, 
v 

Ca 11 .. 
,~· n • Sr, 
B2 

c 

Ch?,rt 6.1 contirrnAd 
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Core 5 -- Bottom 

>1000 
. 
J.000 1000-100 100 <100 

Si, r::n' 
Fe, Al, 
No, Na, 
Ti, v, 
Ba, 

Ca, 
rrg , 
Sr, 
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w2s destroyed. As shown on chart 6.1, most of the 

main eleTY'ents werf; nresent in amounts of greciter than 

1000 ppm., while only calcium, magnesium and carbon 

were present in smaller amounts. 

Core 2 

Both samples analyzed from core two showed 

no element variation with respect 1o location within 

the core. Silica, magnesiu~, iron, alurniniu~, molyb

denum, sod1um, manganese and van2c1ium were present in 

amounts greater than 1000 ppm., while calcium was 

present in amounts of 1000 ppm. The remaining ele~ents 

titanium, strontium, b2rium and carbon were nresent 

in amounts sm~ller than th is. 

Core 3 

The element analysis for core 3 showed that 

si~ilar elements in si~ilar 9ercent2ges were present 

in the s2mples t2ken from the core to~ and bot tow . 

Only the amount of strontium varied between the two 

1ocations. In the core bottom sawple, the a~ount of 

strontium had increaeed considerablv. Those elements 

which were pr~sent in ambunts of gre?ter th2n 1000 pp~. 

were si15 cs, mc.e:nesiurr, rn::inp: ::inpsp, iron, 1 lw, j n51_w,0 

so d j um , t j t P n i •Jm 2 n d v 2 n 2 rl i l_rn • C c> J c i m., 1 h !"' -r i u~ ~ n r1 
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Core 4 

Between the too of core 4 and the base of this 

core, there was a substantial decrease jn the amount of 

manganese, strontium and titanium, 2nd the loss of the 

element barium. In the bottom sample, a small amount 

of c6ppe~ was noted. Other than these ch~n?es, the 

remaining elements were present in similar amounts 

( ch2_rt 6. 1). 

C')re 5 

This core showed the ~re2test ele~ent 

vari2bility with res'.)ect to 1oc2tio11 wit"hir. the core. 

fhe sediment saffiple taken frcm the b2se of the core 

showed 2n increase in P"9m• of ri~mganese, ti.hmi"C.7i! 2nd 

bariu~. ~here was also the introduction of three new 

elements -- barium, titRniu~ 2nd ca~per, while therP 

we: s a slight decre .?se in the 2.1'T'81mt of ~: ? ~:-n e~ iu;.:. 

these locational v2riations, the reIT?in5ng elerrents 

·not ~entione~ remained in consi2nt amounts. 

6.8 Conclusions 

The sedirr:ents found in the cores ¥ensr2ll;'...r 

showed a small v2ri8tion in size ~- very coarse to 

very fine s ?nd b0ing the sediment r2nfe encorrpas~ed 

..1 ' 1'h . 1 l . 1 . Tover 0 11 cne co r e s • i s ~:: ~ 8 _ __ v 8 r 18 .~- l on s u ~~:. f· s sJ 

thP hi storj C2 l °""'Pr5 00 duri rtr Which the SP.n 5r·-ent w::i S 

http:ti.hmi"C.7i


deposited. The only exception to this stPtement w2s 

the layers of organic material which sug~ested that the 

depositional environment h2d ch2nged at ti~es during 

the historical period, and possibly st2~n2nt water 

conditions or a tr2nsgression had occurred to facilitate 

the development of this or?2nic layer. Most of the 

sediment was characteristic of a be~ch environment, 

being heg2tively skewed, while only one or two sections 

of the core shciwed positive skewness values which 

sug?ested w5.nd denosited sediments. Each core showed 

minor features such 2s b2rk, tree fragments, pebbles, 

shells, carbonrite and sulphur rrateri2l interspereed 

throughout the corP. Also, three main types of 

structur2 l fe8.tures -- ripple, d.iffu~e 8nd par?.11 el 

lamin2tions were evident 5n ~2rt of e2ch core. 

Statistic2l IT1eas1;,r0?, especially mean 8.nd 


standard deyi2tion when nlotted on R biv2ri2te plot, 


showed that the cores were represent2tives of threP 


· distinct envjronments. Cores 1, 3 and 5 were 

representativr of 2 distinct environment which was 

~ssumed to he th8t of the foreshore, since all -theEe 

cores were taken in that environwent. The coreP 

taken ·in the ~ePrshore zone, cores 2,2nrt 4, however 

showed two sA~?r2te erviron~ents. 

The rrain elements which we~e evpected to be 

~resent in thF minerRls of the b P2ch s2nd, si~ic~, 

iron, n::::inq2ne~e, rr3~ne!3 itw, 2Jtmir5. u :~ , sodjur:, v-::)·r Rdl. lr'~" , 

http:v-::)�rRdl.lr
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and calcium were ~ener ~ lly present in amounts of 1000 

ppm. and gre2ter. Minor amounts of c?rbon, b2riurr, 

strontium and titanium were also nresent in the 

Burlin~ton Beach sediment. A co~parison of the areounts 

of elements with respect to their location in the core 

showed that - a great degree of variation generally did 

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



CHAPTER 7 

CONCI·USIONS 

T~is paper has pointed out th2t Burlinfton 

Bar was for~ed by the growth of · two consecutive spits 

from the nnrth and south headlPnds during the nericd of 

history desc_ribed as the L?ke Ont~.:>rio St2g-e. '11he rr.2,in 

proceeses which influenced b?r growth were the dorrina~t 

easterly winds and storms whjch gener2ted w2ves and 2 

long shore c0~panent. These processes trPnspor t e1 r ~ t or~ P l 

into the area, a~d aided i~ the building of the 2~its 

2 _b o v e s e 8. l eve1 • F i m: J. \y , the s u it s ~ 11 ere j o 1r: e fl , ~ ri ~ t h P. 

b2yhe8d D8ri 2_s WH now see thP. Bu::.li:nfton _B2r, w2~: 

forrred. 

Proce~ses re1:::i_ t~_ vc:-J y s 5.r-'U 'l ~ to th0se wl;j_ch 1ed 

to the btd_1 d j_r('1" of t!'i e b~ r exi et tcirlay. ~r 2tP.r5<1 e~0r"3 !2d 

+.;:r2ns9ort~~0 under coT:"pJ. i!""'ent2ry w~n~, w2ve ::.ir.rl J0:>!:'.2hore 

t~sns~ort co~~ it ~~ns t ow~ rds the h?~. Wjnds blowin ~ f~0~ 

~he nor~h, n0rt~-ea st, e8 st, ana south-e2.st fer:_ er:-~1.:e the 

w2ve2 whirh ?ffec t t~0 L~kP Ontario beach side of t~e 

B11.rJ_2_:r ~-;: ton B::ir. S1::ce the ne~ci::nt".1rr~ 0f slg:nific8r.t 

w5r. d s p e P. d ~ is P" j n 0 r , the rr- ?. j or i t y o f ~! en ere:: t e rl ·n? v c: s 

http:south-e2.st
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occasions durin~ the su~mer and f~ll months, did winds 

generate destructivP W8ves which led to 8 raujd ch2n~e 

in beach mornholop.-y by 2 rlo 1l·'!1CnT71bir.g of the be~ch. 

Observ~tions of urofiles showed th2t each profj]e v~ried .. 

with respect to Specific areas of erosion and deposition, 

but most of the prof5les were built up at the back -0f 

the beach and, with a few exceptions, extended 12keward. 

One possible cause of this 12keward growth was a 

definite decrease ir 12~e level over the stu~y period. 

Variability of W8.ve car.di tions al so led to a. ch~m!~e in 

foreshore 2nd ne8rshore PediDent size over the 2tuoy 

period. The sedi~0nt size acroPs the beach ~ener2Jly 

August, w~th v~rious exceptions c2used by a rAvers2l nf 

co~pJ. et~ revers2l -~ there w2s ~ coa~een5n~ of sedi~ent 

Ei zc 12n0vmrd. flll three trends were ust~2.lly 

2.ccorrp2.nie<i by a sortine· trend which bec .'.:'rr:e '.)00rer v:.ith 

a coarsenin~ of sedi~ert. Viewing the sedi~ent cn~nasit-

ion along the beRch, there was a general decre2se in 

sediment size from profile 1 ta profjle 9. 

In order to underst~nd at le2st in TJ2rt, the 

http:co~pJ.et


or st2gn2nt water~ existed and disrupted the rel2_tively 

st~ble conditions durin::: which the ~ater52l found in 

the ·cbres was deposited. 

It can be st~ted that the Burlington Bar and 

Beach were for~ed under v2ryin~ processes 2nd responses 

which appear to have been similar over the moaern st2ge 

of development.
: 




APPENDIX 1 

The following recorded data is the moment · 

measure output data from the computer nro~ram for the · 

three short term s2~pling periods -- June 4, Augu~t 5, 

~nd September 16, 1972, and for the long term sampling 

period -- Nove~ber iq71 ~nd Nove~ber Jo72. Prof1le 

nurrbers refer to the prof:1 le st~ti~ns shown on Fif. h.1, 

while sites A, B, C, D, 2nd E represent the botto~ ~f 

th f ste~, ste~ top, waterline, swashlimit end ber~ 

sampling sites :i:--e~:t_')ectively., 

1 'I(\ _. . .,.,. 
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JUNE 

PROFILE SITE MEAN 	 S'I/\.ND/\RD SKEWNESS KURTOSIS SOR~:If.~G 

DEVI .!\_'rION COEFFI C
IEN~1 

9 A 

B -lolO .68 • 58 2.68 J5.6? 

c -.18 1~13 .34 .02 14.97 

D -.08 .79 .21 1'.04 .27.30 

E -.33 1 •. 36 ..16 .-1. 23 16.. 71 

8 A -1.41• 1.86 .24 -.65 '15. 52 

F -.61 ~.39 • 7'2 -.55 17.51 

c -.83 1o18 1.18 1.02 20.05 

D -.73 1.11 1.17 .88 20.40 

E -2.89 1.90 .59 -1. 02 45.75 

? A -1.15 1.58 .67 -.63 12.07 

B -).06 1.06 a61 - .~':(1 32. l+h 

c -.92 .93 .93 .85 23.30 

D -.11 1.35 • 10 , ') 1 
- .J. • r .• ..:i. 10.8.3 

E 1. 4-o ~so -.10 .16 351' 1.7 

6 A -.73 L31 049 -.12 1'?.?2 

B -loOO .95 1.52 2.67 26.37 

c .03 .98 .34 .27 19.45 

D .47 1.03 -.29 --.02 18.33 

~ JJ 1.14 • 6li -.21 .25 30.96 

5 A .53 1. J-1-3 -.29 -1.18 9.Bo 

B: -.65 1.14· l.~6_, 1.53 ?LJ, 3"'"-· ' . J 

c -.11 1.14 .96 .09 23.04 

D .6t ]_. 33 -.18 -· J . • 2? ~-J. 8 51 

F 1 ??-· ... : .63 ·• 07 -.5? ?5.?_( 
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JUNE 

PROFJ.I,E sr11 E MEAN STt·ND.t1 RD SKEWNESS KUR1I'OSIS SOR'T FH; 
DEVIA'I1ION COEFF£ C~ 

I EN'I1 

4 A .64 1.47 -.25 -1.41 13.37 

B -.91 .76 1.55 4.60 33. 28 

c. -.04 1.32 .24 -1.07 14.74 

D 1.12 1.42 -1~24 .29 21.88 

E 1.96 .42 .-. 26 .40 40.63 
,, 
..,I A .70 1.16 -.26 -1.23 25.66 

B + c 1036 .85 , . -1.16 1.48 27.81 

D 2.02 .1.}1 -.27 ~09 '_38.09 

E 1.61 1.49 -1.69 1.40 J4~55 

2 A 1.86 .88 -2.38 6.62 38.JJ 

B + c 1.46 .70 -.34 •OJ 23.72 

D 1.67 .1+8 .34 -.ho 41. 21 

E 2.27 .40 .23 ~28 '~- 4. 86 

1 A -.97 .95 1.36 2.68 2h.81 

H .30 .93 .31 • l~, 1 2L03 

c 1.61 .49 -2.74 9.90 69.11 

D -.85 .89 .42 -.1h 24.12 

E 1.46 .j8 -.75 1.62 38.12 
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PROFILE SITE ~.r. E_~N ST/'ND.~RD SKE:NNESS KPRTOSJS SO RTI.:--~G 

DEVI /1TJ0N CO~EiT~C ~ 
JENT 

9 	 A -1.70 L73 • 56 -a?O 17.71 

B -1.94 2.31 .16 -1.46 29.14 

c -1.12 1.68 .11 -1.07 10.49 

D · -e57 .87 .57 .70 23.26 

E .79 .42 .22 .37 39.43 

8 	 A -2o20 2.02 .50 -.85 25.95 

B -.98 1.83 .14 -1. 27 8.67 

c ·-. 94· 1.33 .66 -.39 15.1g 

D -.?9 1.60 .004 -.84 15.13 

E 1.09 . 52 -1.16 ?.JJ 45.59 

7 	 A -1.76 lo92 .46 -1.10 12.83 

B -.94 1.39 .55 -:..! 61. l0.60 

c -1.09 .88 .51 .98 21.06 

D .16 1.18 -.42 -._51 17.13 

E • Lf.o . 2.08 -1.55 .79 28.46 

6' A -.34 1.43 -.15 -.99 9 0 14 

B -1.19 1.54 • 23 -.92 12.56 

c -.62 1.16 -.07 -.40 14.J2 

D -.87 1.84 -.39 -1.23 12.28 

32 ,.,~E 1.13 • 72 -.91 2.82 ..) ,_, 

5 	 .I\ -.54 1.52 .42 --37 13.64 

B' -1.71 1.50 .09 -.68 14..30 

c -.55 l.16 .21 . J.1 1?.85 

D -1.17 1.n - • JL!- -.71 21.80 

E 1.09 _ 1~ -. 68 . . ._
~? 

'-• f. P. • 	 _. ...J 
') ? 

, 
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SEP'l1EVBER 

PROFILE srI'E IV1EAN 	 STANDARD SKE1.t/N ESS KURTOSIS SO!frr T_- :r.. 
DEVI~TION 	 COEF~J7~ .--

IEI~T 

9 A -2.55 1.71 .25 -1.JO 

· -1.84 1. J :l .24 -1.0? 22.51 

-1.04 .90 .26 .19 26.22 

D -1.40 .78 -.31 .28 25.43 

E -lo79 1.17 .35 -.28 25.10 

8 	 A -2.16 1.01 .27 -.72 16.96 

B' -2.10 1.47 .07 -.14 17.26 

c -1.06 .77 .13 -;,JQ 

D -1.71 .97 .88 

E -1.00 1.47 · .29 f . 62 

7 	 A -3.52 l.J9 l.Jl 28.1 3 

1.39 .68 21. 26 

c -.36 .10 -.87 

D - • 8 5 ·- 2.19 -.20 -1.26 

E -.73 1.74 .37 -.7? 8. 1_~ 

6 	 A -1.77 1.69 1.02 -.01 

-1.50 .77 31.. 11 

c -.18 1.02 

D -.40 1.30 .21 

E 1.82 l.4h 1.24 24.99 

A -1.23 2.03 .13 - • 911 12.;2 

B -1.?5 .78 -.27 

c 	 .01 1. 1 2 LOJ .25 
'.> f,RD 	 • _,,r:. '7. .85 jll . . ·. • 

(\ '7 ?1 	 "'! "J.. 15 --53 - . , ' ·- - . -
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SE?T?'r,.- BER 

PROFILE sn~E rrE.t1 _N ST tr.JD.fl RD SKEWNES~ VU?TOS I S so2 'Pn·c 
DEVI Ji.TION COE~=-~IC -

. I Er-~ 'Ii 

4 	 A -.90 1.72 .67 -.65 11.54 

B .32 1.37 .05 -1.19 10.59 

c 1.52 1.08 -1.37 .80 29.39 

D ·• 53 1.76 -.J4 -1.52 22. 99 

E 1.49 1.65 -2.07 2.86 40.59 

3 	 A 1.78 .87 -1.36 2.46 24.90 

B ·1.99 .hB -1.08 4.25 44.??. ' 

c 2.09 eh? -1.28 5.82 4.7. 31 

D 2.22 .37 -1.04 8.61 57 • 1~ 5 

E J_. 91 • 4.9 -1.5~ 8 el~~- h6. 27 

2 A 1.61 .67 -1. 4-1 2 0 61+ 35.28 
/J,h ..... ?ff )..67 .53 -1. i.10 h.86 .. • L ._ 

c 1.92 .61 -.48 1.21 39 g'37 

D 1. 8lJ- .39 . -1.46 10.09 57.76 _ 

E 1.99 .75 ~l.62 J.18 )8c57 

1 	 A -2. 1ll- 2.J8 .62 -.9~ 15.51 
?~ ')~B -1.39 .98 .21 .24· -..,1 ·• t.'.. _,, 

c • 11 1. 61} --57 -.57 10. 1 /J. 

D . 50 1.56 -.57 -.J6 e.;7 

E -.92 1.98 .11 -1.57 12.37 

http:1ll-2.J8
http:tr.JD.fl


1971 T:ONG '! 1 F0~~ S'l'l.iDY DAT ft, . 1972 
Srr A. ~.' T01'l l\"E!\N STAND!Cr-m SI<EWNES~ S~~f\TION ~l!EAN · STl~NDARD SKEWNES 

DEVIATION DEVIATION 

SO i!'f'H r, l\ N.AI r 
1 (ne~rest C8n8l) 2.09 .hh - 0 ol~ 1 -1.68 l. lL.: 1.011 

2 l.J8 •76 - • }_6 2 .30 1.65 .09 
J J... 61 .so -.34 .3 1.77 1.04 -1.58 
h 1.40 .48 -.09 4 1.67 .99 -1.LJ-6 
c:.._,,. 1.89 .77 -069 5 .Bh 1.27 '"'. 09 
/ 

111 ?5 • 71 -.65 6 .hB 1029 -.09f" 
r; ·1. 79 .60 -.1h 7 • 76 J..27 -.,15j 

e 1.?l • r;o -. _,~l.r. 8 1~07 1.14 - • 2L~ 
0 01.93 .56 ·-. 67 

' 

/ .22 1.41 .20 
10 

.; 

(f.2~th~st from 2.13 77 -.47 10 1.36 1013 -1.05fl • 

-t'1e c?nnl) 

NORTH C.'' l\JAL 
1.] (nenre~~t cansl) 2.h2 • 28 .08 11 . 2. 36 . ~36 .02 
1? ? 831 . .?9 -07 12 2.34 .36 -005 
1 ") 
-' · _) 2.31 .30 .oh :1.3 2.26 .16 .02 
1 l~ 2.JJ ' . 29 -e01 1 

-
L• 
I' 2.23 oJ? .01 

1 ~ 
.l. _, 2.33 .31 -.2.3 15 2.19 .37 .05 
1f 2.38 .29 .01 16 2.27 .40 .o4 
1 ,., 
~... t ?-.59 eJ7 ~33 17 2.19 .39 - •5l 
H~ . 2 e '-~O .37 .19 18 2.28 .36 .02 
1 (") 2.J~ .31 -.01 19 2.28 .36 •OJ 
2() (ferthr. s t from 2.?.8 .31 .o? ?O 2.27 .40 -.05 

. L '"'l ,... c,.. Di-11 )l1 .'. .. ..... . , ( ·! (

I-' 
-...,) 

~ 
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APPENDIX 2 

E2ch core was analyzed w£th respect to certAin 

characteristics -- location in the core, colour, 

sediment size, the presence of carbon2te, sulphur and 

oreanic ~atte~, an6 the presence of shells, pebbles 

and tree bark. The following is the detail~d 2n2lysis 

of each core. 



DESCRIPTION OF CORE 1 


I .o c ;~ t 1on 
Th i.~knr~ss 
Colour 

Sz: ~: ~; J e 
~ ' o ,-: (' 
r:_ ed ~- 2.n 

Me 1 ~ 
S tc- n~. 2rri 

rl ·'.:; v 1 a t 2.on 
C::: .1.r '"'"~"' ~ t::l (" 0 
). . ... . • • • .\ :, ' ·-"'" . I 

Ku:i---t:i i::; is 
Sr:i ~~-· i :'1f" 

co e .f :f ] .~ 1 er~ t 
Cs r ~; on~~ t A s 
~;~ 11 pf:u;:-
O-t: h 01" 

o. o-·21. 5 ems 
21.5 ems 
lir1:ht to 
mcdiurn brown 
dork mater3 ci.l 
811'1!Jh2siz:l.ng 
ripple 
12minations 
1.2.0-J.6.o ems 
205 
'-?··. "-

") 

2.2 

.4 
-1.5 
l0.7 

57.7 
yes 

yes 

wood, b8rk, 

shells, 


21.5-26.3 ems 
4.• 8 ems 
medium brown 
d0rl\ mincrn1s 
concentrated 
in nockets 

2J.5-25.5 CiT'S 

2.5 
2.2 
2.• 2 

!!Ii. ~ 

-.2 
2.8 

5h.2 
yes 
yes 

26.5-27.5 ems 
LO ems 
dark brown 

26.5-27.5 ems
') c;1-. _, 
2.2 
2.2 

• L/. 
-1.5 
9.3 

52.6 
yes 
yes 

27.5-33.9 ems 33.9-44.9 ems 
6,5 ems 1LO ems. 
dark brown medium brown 

concentrations 
of dsrk minerals 

JO.O-J1.8 ems J6.7-39.o ems 
2.5 2.5 
2.3 2.J 
2.J 2.3 

•I+ • L~ 
•OJ -.4 
J~6 7.0 

53.5 51.6 
yes yes 
yes yes 

concentration clay pockets, 
of d2rk m~tter wood fragments 
21.ong side of 
core 

I-' 
-,J 
·,o 
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DESCRIPTION OF CORE 1 (continued) 


Ioc~tion 


Th ~-c}~~Psf~ 


Co lou~... 


~)~vrr 1 e 
-IV:oc1e 
rrc~ di. 2n 
P"1';"'r: 

St--~ n ·'1 ~ ~c1 
d~vj_ ~t 1on 

S ~~- r"!Yln es s 
~,)'!~tc P .: s 
s 0 ;.' ~= : ·: f" 

r:-o eff~_ c] ent 
CB.r·b 0 ~1 ~1 t. e s 
S n l ··•hu~ 
Cth0r 

l~.J.1. •9-5? •·3 cm s 
7.µ, ems 
very d:lrk 
brown 

J_1,7, 8-49. 8 ems 
J.O 
2.9 
2.9 

.6 
- • L~ 
1.7 

JJ.9 
yes 
yes 
wo0d, 
shells 

52 .. 3-.5580 ems 
?. "7 ~ms 
rref.l .1 um hrown 
nock~ti.i of 
rhrk rrAtter 
52.3-55.0 crns 
?.5 
2.3 
2 .1+ 

.6 
-.2 
J.1 

J6.9 
yes 
yes 

55.0-57.8 ems 
2118 ems 
ver~r dark 

.matter, 
d~rJ.~ brovm 
56.0-57.0 ems 
2.5 
2.9 
2.. 8 

.8 
-.9 
?.J 

23.4 

yes 

yes 
wood, 
b:irk, 
roots 

57.8-83.0 ems 
2_5.2 ems 
brown -
med i urn to 0ark 

77.0-79.0 ems. 
2.5 
2.1 
J..9 

1.0 
-1.5 
2.3 

28.9 
yes 
~res 

sh8le pebbles, 
wood, shells, 
qw?rtz r~ebbles, 
gradu8.1. sediment 
siz0 change in the 
section of the core. 

!-I 
('O 
0 



DESCRIPTION OF CORE 2 


I.o c~tion 	 0. 0-~,. 5cms L1~ • .5-~ 1 • 9 cm s 21.9-?81'9 ems 28o9-J2.2 ems 32.2-35.3 J5.J-5J.7 .ems. 
ems. 

'11h j_ c Y:r.. e s s 4.5 ems. 17.4 ems. 6. 2 cm s. 4.2 ems. 3 .. 1 cl'.1s... 18 o 4 ems. 
Colour medium brown reedium to medium brown, medium brown mcdj_um to light to 

dark 	brown r~c:! rk dark bro~n rredium brown 
l8.min8-t.ions 

f"' r;r:(' 	 ~.~ J.5 	 3.5 3.5 3.5 
I'.r 0 r] i 3 n 3.4 J.4 3.3 3.2 3.3 
re::-m 1.J. 3.3 2.9 3.3_, 	 J.3 
S: ;:·in(! aril 
dnrj 8tion .4 .5 .5 1.4 .5 

Skewnef~G -.}~, -l. 2 -o9 -2o4 -·5 
~~-)~'."' t 0 s ~- s .4 5.7 3.8 5.2 1.1 
~:- ·J rt .1 r.e· 

..... f. . t
(>-.l~T . Jc1en, 38.4 J6.9 38.9 30.9 	 36.7 

: ·; ~ ! "~ :.i l n 3.5-4.5 ems. 19 • 5- 21. 5 cm s • 23.0-24.5 ems. 29.0-31.0 ems. 42.0-45.0 ems. 
C ~~ ·!-·honn -1 es y0s YP.P yes yesVAO 

·) ....... l.

~;1.ilnhur :ves 
Cit ~~r homoe:eneous clay pockets, homogeneous pebhles, clay clay' homogP-neous 

pebbles, bands pockets pockets 
of cogrser · 
material 

,_, 
G:l 
1-: 



DESCRIPTION OF CORE 3 

I.:o c·ri t j on 0-26 ems. ?. 6 •0- Lr. 3 • 0 c rr s h3. o-Ll-5. 8 cm s L~5 .. 8-50.5 ems 50.0~62.5 ems 
r~-' bj f" } • ;') f:"\ P S ?.6 o 0 C!'it-; 17.0 crris 2.8 errs L~.7 ems 12.5 ems 
Colcu.r · mndium brown 	 rr1erl j urr brovm d~rk brown medium ,t('\ medium brown 

hecwy n2rk org?n.ic lnycr, oArk brown 
matcri.<·l \\·nod, shells, 
outlinine: 
rj ppJ c:s 

~~ r~ r.·' l' J c.~ 11:.0-14.o ems 29.0-J?.0 CT:'lS L~6. 0-48. O ems )7.0-59.0 ems 
P.'_'r; r _ ~ r:· 2o0 2.5 3.5 3.0 
~.r c;d j an 1.9 2.3 3.2 2.5 
I\':~~ !:i Y1 1.9 2.2 3.2 2.6 
St2.nd2rd 

r~ e· v ~1 ~ t 3.on .~, • L~ .6 o7 
Sl:O.V.'T!Q~; ~~ -1.1 -.5 -·9 +.3 

1~ . 1rt: o si s 7.2 5.9 1.5 -.6 
Sr: rt~1 nr-: 
~ o P ff~- c j . ent 5L 9 ,50.8 19.833·5 

C2.rhon. 2 t e c-J yes yes yes yes 
... C' iul. r) hur yes vr.s yes yes• J ' 

Othc~ shells, orr.2nic matter, organic shells, clay 
pebbles cJ2y pockets, n1atter poclcets. 

p0bbles, woorl, 

I-' 

OJ 

N 
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I 0 ~ :::, i : i_ on 
~' r. i C !-:YI(?~ P 

Cn}onr 

S2.ff:·:0 .1 ~: 
JV'. r:-1 r1 c' 

MPclian 
~/: ~:-~~ 

s-l~ s~ci · rd 
rl cv]~t ion 

S }:!:'V'l!. ~; n S 

Yt.Tto s 1. 2 
Ss~_---i:- inc 
cr·('ff~. c ient 

Cs r }) on r: t cs 
S1J 1 ~: b. i.; r' 
('. ·' · 1~ (.) Y" C'.' 
' • • · I ,. ... . l ~ l 

62.5-66.0 ems 
3.5 cn:s 
d2rk browY'l 

c:;~s64.0-h5.5 
3.0 
3.1 
3.0 

._,, ~ 

-.J 
.1 

26.4 
y0s 
y(~S 

sheJ.ls 

DESCRJP~l'JON OF CORE 3 (continued) 

66~0-67.Q CIT2 76.0-100.0 ems 
l~O c~s 2h,Q 0,IT.S. 

hl2c~ 
nrp-~n] c 
h-i ·~l: ~ .. . ' 

rr: 8 t t fT 1 

cl~yF, , 

mediurr brown 
l 2yer; . 

of tr00 
1' ~ r k , 

83 .. 5-86.5 
2.5 
2.3 
2.3 

.5 
-.2 
2.3 
I 

ho.6 
yr:.~s 

;re: 2 

shells 

j' 

Cr.1S 

f...J 
co 
\....0 



IocBti.on 
'Thickness 
Colour 

s n~rl~ 
Mocte 
~edirn 
rl' C' :-,n 
St~~ nr:::~rd 

ciev5ntion 
S }~cwn0·: s 
Yurtosis 
Sort int-~ 
cnefficicnt 

r-2rh.or:2tes 
Su1Dhu.r 
Othor 

DESCRIPTION OF 	 CORE 4 

0.0-10.0 ems. 	 10.0-11.0 ems 11.0-22.0 ems 22.0-2J • .5 ems 23.5-28.0 c~s 
10.0 C:r.lS 	 1.0 ems 11.0 ems 1.5 ems 4.5 ems 
J ight brown 	 h l. 8~1\ , l j ght brown blaC]{, dark brown 


ori::2njc rr2tter, organic m2tter, 

Sh F~] J St wood, pcbblei, 

p0lJbles 


5.0-6.0 ems 	 17.0-19.0 ems 26.0-2?.0 ems 
2.5 	 ?. • 5 2.5 
2.2 	 2.2 2.2 
1.8 2.1 	 2.0 

1. 2 .8 1.0 

-1.9 -2. L~ -2.1 

J.O 	 7.1 L~. 1 

J :t • 2 	 L1.3 ~ 5 37.6 
. yes y0r:i yes 
y0s yes yes 
pebblA~, shells '0ebbles, 
bands of shells 
orcr2nie 
mstter, 
shells 

!-' 
m ,.._ 
~ 
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DESCRIPTION OF CORE 4 (continued) 

Loc2tion 
Thickness 
Colo t'r 

S2~ple 
Wo~e 

~ed5nn 
~0~n 
S t~~d2~~ 

d e,: i ation 
s~~0wness 
Ku.:rto :~is 
Sorting 

coefficient 
C2.rbon<1tes 
Sul~)hur 
Other 

28.0-32.0 ems 32.0-33.5 ems 
L} ,. O ems 1. 5 cmR 
dork brown bl nck 

orp-2nic TI18tter, 
shells, 

29.0-31.0 ems 
2.5 
-.? 
• 1 

1~8 
.4 
-1.5 

17.1 
yes . 
yes 
shells, 
pebbles, 

J3.5 to 40.0 ems 
6.5 ems. 
medium brown 

36.0-JB.o ems 
2.5 
?. • 5 

.8 
-3.2 
13.8 

46.9 
YP.S 

yes 
shells, pebbles, 
orp8nic matter in 
a J.2yer. 

I-' 
en 
\.)\ 



DESCRIPTION OF CORE 5 


1 oerition 0-8.1 ems. 8 • 1-17 o L~ cm s 17.4-J0.6 ems J0.6-39.0 ems 39.0-41.4 errs 
1\1: i c 1<:. n P s s 8.1 ems. 9o) errs 1.J.2 errs 8.h errs 2.h ems 
Colov: 	 Tr(~d ium brown medium brown rred ium bro,vn medium brown meci ium. brovm 

d2.rk h~nds dPrk h:::irr-13 d8rk bnnfls dark b2nds dark b8nds 
f-'m-rh:~ s i z inp 0trphR Si Z j_hg emph .::isj zing emphasizing emphasizine 
rj ppl es riooles ripples ripples r1pplc:s 

~->~- ""'nJ. P. 	 5.0-f..5 ems 1>·i5 ems 2h.() - ?r<.• 0 J5 .. o-36.5 ems 
,. ., ')r.r a '.'.~ ~~ . ? ..)c: 2.h / .. ~~~. 5 


re ~5.<.·n 2. 1. ?.1 ?.1 2.3 

f( P.811 2.2 2.1 2.1 2.J 

St:. nr1 ,-=:,rd 


Cf~"t:i:::-, ti.on .4 .5 •5 .6 

S1ny: ·n p s s -.8 -2.1
-.n 	 -1.7 
v:u rto f~ is 6.6 L.:.8 10.9 8.J 

So -rt 5 ~:.g 


coef:f'].c i ent 5
, 
..:... • 2 

, 
4688 L~9 • 8 l~5. 6 


C2:rt;oY1 2tes ~res yes yes yes 

~>~ .::ht~ r yes yes yes yes 


/ (_) ~-, hCY' hmr.ogeneous homo~eneous ncbblcs, shells, smRll layers ofI 

orr~mic srrR ].J_ amount oreanic material 
rr.aterir:il of org.'.:mic 

n:.:iterial 

i-' 
co 
c" 
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APPE~mIX 3 

Source of Figures. 


F.ig. -2 .1 Karrow, P. 1963.
F•' 

Fig. 2.3 Hewitt, D. F. and Karrow, P. F., 1963 •. 

Fig. 2.4 Dreirr.2nis, ·P. • ' 1969. 

Source of Cherts~ 

Chart 2,1 	 Hew5tt, D. F. and Karrow, P. F., 1963. 

Chart 2.2 	 Wodified from drjll core information 
obt Pined from the Hydro EJectric Power· 
Commission of Ont~rio. 

Chart 2.3 	 (same ~s chart 2,2) 

Chart 4~3 	 Water level d2ta obt2ined frorr the Cana da 
Centre for Inland Wa.tere, ~r 2r5ne Sciences 
Br2nch, Burlin~ton, 1972. 
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