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Q ABSTRACT 
Nearshore sediments of the lower Great Lakes consist of extensive 

exposures of glacial sediment and bedrock and relatively small, discrete de- 
posits of postglacial sediment. Postglacial deposits are of two types:

_ 

i) residual sediments formed on the crests of submerged moraines by re-work- 
ing, and 2) deposits produced by the accumulation of littoral drift. Residual 
deposits are important in Lake Erie where they occur on the cross-lake moraines 
at Point Pelee and Long Point and smaller moraines at Mohawk Point and Rondeau. 
Deposits derived from drift occur at the ends of the basins and at mid-shore 
positions where drift is intercepted by bathymetric traps or changes in the

' 

shore trend. Because of the roughly parallel alignment of the basins, the 
same basic drift pattern applies in both cases. 'Prevailing westerly winds re- 
sult in net eastward drift in the eastern part of the Ontario basin and of the ‘ Erie sub-basins and periodic easterly storms ih west-"ward drift in their western 
parts. 

The principal source of modern sediment is eroding shorebluffs of 
glacial sediment which currently contribute l,700,000 m3(Lake Ontario) and 
l7,500,000 m3 (Lake Erie) annually from the Canadian shore. 

The average grain size of Canadian deposits is gravel - 52, sand - 70%, 
Slit - zoz and clay - sz for Lake Ontario and sz, 502, 302' and 20% for Lake 
Erie. The average thickness of postglacial sediment as determined by jetting 
is O m. Pollen dating of shallow-water cores from western Lake Ontario gives 

' Ambrosia
O an average accumulation rate since the rise in (l2O years B.P.) of 

l.7 mm/year. '

‘

I
0



RESUME" 

Dans 1a region inferieure des Grands lacs, 1es sediments voisins . 

du rivage consistent en de vastes affieurements de roches saines et 
de sediments g1aciaires, ainsi qu'en de discrets et assez faibies depots 
postglaciaires. Ces derniers sont de deux sortes: 1) les sediments 
residuels formes sur Jes cretes des moraines submergees sous Jlaction _. 

du remaniement et 2) 1es depots attribuables a 1'accumu1ation des 
materiaux detaches du littoral. Le 1ac Erie compte d'importants depfits 
residuels sur 1es moraines transversales des pointes Pelee et Longue 
et sur 1es moraines, moins grandes, de 1a pointe Mohawk et de Rondeau. * 

Les depets issus des materiaux mobiies apparaissent aux extremites des‘ 
bassins et aux positions medianes du rivage, 0D ces materiaux sont inter- 
ceptés par des collecteurs bathymetriques ou sous 1'effet des modifications 
tendancielles du rivage. Du fait du parallelisme approximatif des bassins, 
1e mouvement des materiaux suit essentiallement 1a meme configuration_dans 
1es deux cas. La predominance des vents d'ouest entraine un net deplacement 
vers 1'est dans la partie est du bassin de 1'0ntario et des bassins sec0nd— 
aires d'Erie et des orages d'est periodiques, selon un deplacement vers 
1'ouest, dans leurs parties ouest. 

La principaie source de sediments provient a 1'heure actuelie de 
1'erosion des falaises de sediements giaciaires, qui enleve du rivage 
canadien 1,700,000 m3 (lac Ontario) et 17,500,000 ,m3 (lac Erie) de. 

terrain par an. - 

,

i 

Quant a la grosseur moyenne des grains, leszdépfits canadiehs se 
. composent respectivement, aux 1acs Ontario et Erie, de 5 p. cent de 
gravier, de 70 et 50 p. cent de sabie, de 20 et 30 p.cent de limon, de 
5 et 20 p. cent d'argi1e. Selon jetting, 1'epaisseur moyenne des sediments 

”postg1aciaires est de 4 m. La datation au polien des noyaux des eaux 
maigres du 1ac Ontario reveie, depuis la levee d'Ambrosia (120 années avant 
1e temps present), un taux d'accumu1ation moyenne de 1.7 mm/an.
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INTRODUCTION ‘ 

In keeping with the theme of the Symposium, this talk deals with 
the relationship of the distribution of modern sediments in the lower lakes 
to nearshore circulation and sediment loading. This type of analysis is in 

a more advanced stage for Lake Ontario and most of the discussion will centre 
on data from that basin. The Lake Erie surveys are still in progress and only 

a summary of available data for the sake of comparison is appropriate at this 

time. » 

LAKE ONTARIO 

Figure l shows the extent of the nearshore zone in Lake Ontario. 
The lakeward boundary is the 20—metre contour. Width ranges from 3 to 7 km. 

and the zone accounts for about I0 percent of the total area of the basin. 
Sediment data for the nearshore are available from studies by Ruka- 

vina (I969, I970), Rukavina and St. Jacques (I972) and Sutton et al (i970). 
This has been combined in Figure 2 to provide a generalized map of sediment 
types.

, 

The dominant bottom type is glacial sediment which is exposed over 
about 60 percent of the area of the zone. Sample recovery of glacial material 
tends to be poor and little is known of its composition or texture. From 
acoustic evidence it appears to be mainly till, and underwater television \ 

surveys show if to be covered with a patchy, apparently thin veneer of sedi- 
ment of sand to boulder size. This suggests that this type of bottom has 
undergone and is undergoing erosion and concentration of coarse-grained 
residual deposits.

V 

Bedrock is a minor component of the zone. Exposures occur at the 
western and eastern limits of the basin and account for less than l0 percent

\ 
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of the zone area. 

Unconsolidated postglacial sediment covers the remaining 30 percent 

of the zone. It is concentrated in six widely-separated sediment bodies lo- 

cated at Hamilton and Mexico Bay at the ends of the basin, and at Toronto and 

Wellington on the north shore and Niagara and Rochester on the south. What 

little sediment occurs in the intervening areas is in the form of narrow, in- 

termittent beach deposits and small accumulations at river mouths and harbour 

entrances. Most of the sediment is in the sand and gravel size range. Grain 

size decreases lakeward and sand gives way to silt—clay basin sediments at 

the outer margin of the zone. All the deposits appear to represent accumu- 

lations of littoral drift at locations which conform with the net littoral 

drift pattern for the basin. 

Figure 3 shows the net drift directions inferred from accumulation 

patterns around shore structures and from textural gradients. The pattern 
reflects the general wind conditions for the area; prevailing westerly and 

southwesterly winds are responsible for the net eastward drift in the eastern 
part of the basin and periodic easterly storms for the net westward drift at 
the western end. Sediments transported by the longshore currents accumulate 
at the ends of the basin and at mid-shore positions where drift is interrupted 

by major changes in shore configuration or orientation, or by fluvial barriers 

like the Niagara River. 

Near$hQre sediment is derived from three sources: stream discharge, 
eroding glacial deposits on the nearshore slope, and eroding shorebluffs. 

The data available on stream discharge (0ngley, 1973) suggest that the bedload 

‘W ,;~ ....:.. a... --¢-»1.b» 

component is negligible. Since most of the nearshore sediment is in the bedload 
size range, it is unlikely that stream sediment is a major component. Slope 
erosion of glacial sediments is an unknown factor and studies of profile 

I‘ . 
. " '
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changes are currently underway to assess its importance. Eroding shorebluffs 
appear to be the major source of nearshore sediment and the only one for which 
quantitative data exist on both volume and texture.‘ 

Figure § combines volumetric data from M.S.D. erosion profiles (Haras, 
personal communication) with grain size data from selected profiles. The 
volumes shown represent sediment input during the period i973-l97h, a time 
of peak water levels, and Haras cautions that they may be 5 to l0 times higher 
than the long—term average. Total sediment input from the Canadian shore 
during this period was about l 3/h million ma, about equally divided between 
the north and south shores. Inputs are broken down into a number of reaches 

which correspond with the net littoral drift directions discussed previously. 
This provides the opportunity to compare the textures and volumes of the de- 
posits with those of their presumed sources. ' 

‘ Figure S is the textural comparison. The average value for the 
four deposits shows that the textural change from source to sediment involves 
a doubling of the sand and gravel percent, and a reduction of the percent 
silt by one—half and of the percent clay by two-thirds. For individual de- 

posits, several factors determine the resultant grain size. One of these is 

the texture of the source materials and its effect is apparent from the dia- 
gram. Others include the degree of exposure to wave attack, the distance 
from the nearest source materials, and the position of the deposit within the 
basin. 

The Wellington deposit is deficient in silt and clay because it is 

more than l0 km from the nearest source material and because it is exposed 
to prevailing winds of considerable fetch. This results in extending sorting 
of sediment and removal of the finer fraction basinward or alongshore to the 
€3St.
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The Toronto deposit is in contact with its source materials but is 

relatively well-sorted because of its exposure to easterly storms of long 

fetch and because of the opportunity for disposal of finer sediment down the 
steep offshore slope or along the shoreline to the west. 

The Hamilton deposit, like that at Toronto, is in contact with its 

source material and is exposed to easterly storms of maximum fetch. Yet the 

deposit is relatively fine-grained. This appears to be the result of its 

position at the end of the basin where it acts as the terminus for westward 
drift. The effect of easterly storms in this case is reduced to the shifting 

of grain size boundaries with little net change of average_grain size. 
The Niagara deposit combines littoral sediment from the shoreline 

to the west with Niagara River sediment. The resultant pattern reflects the 
influence of the river currents at its eastern end and a complicated local 

circulation produced by the Welland Canal jetties and discharge at its western 
end. The result is a composite deposit with an average grain size similar to

I 

that at Hamilton. ‘ 

In Figure 6 the volumes and average thicknesses of the four deposits 
have been reduced to average accumulation rates in mm/year and m3/year. Uni- 
form accumulation is assumed over a period of l0,000 years, the approximate 
age of the basin. The annual increment in thickness ranges from about l/3 mm 
at Toronto to 2/3 mm at Hamilton. Rates obtained from pollen dating of near- 
shore cores from Hamilton and Niagara are two to three times as high. These 
rates apply for the period since the rise in Ambrosia , i.e. the past I20 years, 
and presumably reflect the increased loading during the period of land clear-

A 

ing and settlement. Similar evidence of higher recent rates of sedimentation 
is provided by dredging figures for the harbours at Hamilton, Toronto, and 
along the north shore. In all cases the average volumes dredged annually ex- 

l" \ 
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ceed the computed accumulation volumes whereas they should represent only a 

portion of the littoral load. 

Figure 7 compares the annual volumes of size grades eroded from the 

bluffs with those of the associated sediment deposits. Since only limited 

stratigraphic data are available for the sediments, it has been necessary to 

assume that the size distribution of surface sediment applies throughout the 

thickness of the deposit. There are other complications. The comparison in- 

volves the average increment in sediment volume, which appears to be smaller 

than the present volume increase, with an eroded volume which may be 5 to l0 

times higher than average because of its association with peak water levels. 

There has been no allowance for sediment supply from subaqueous erosion and 

sediment removal by beach and dune storage has been ignored. In spite of 

these qualifications, this diagram should represent within an order of mag- 

nitude the partitioning of the bluff materials between the major sediment 

deposits and the basin deposits. 

LAKE ERIE 

The Lake Erie nearshore zone is larger and more complex than that 

of Lake Ontario because the basin is shallower and because it is subdivided 

into three sub-basins by shoals of morainal origin (Figure l). In this case 

the nearshore zone accounts for almost half the total area of the basin. 

Sediment data for the nearshore zone is available from recent 

surveys by Rukavina and St. Jacques (l97l,l973) in the area east of Point 

Pelee and from earlier surveys by Lewis (l966) in the western basin. Figure 

8 summarizes the sediment distribution. 

In Canadian waters, glacial sediment is the dominant bottom type 
and is exposed over #5 percent of the zone. Bedrock crops out in about 5 

percent of the area and postglacial sediment covers the remaining half. Till
- 1
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is exposed inshore and glaciolacustrine sediment offshore, both with a 

veneer of lag deposits; Postglacial sediment occurs in three major depOSlts 

centred on Point Pelee, Long Point and Buffalo. Average grain size is finer 

than in Lake Ontario because of the greater incursion of basin deposits, 

particularly at Point Pelee and Long Point. Sedimentation in the western 

basin is dominated by sediment discharge by the Detroit and Maumee Rivers 

(Kemp, personal communication). Littoral drift is important in developing 

the sand-rich deposits on the west coast of Point Pelee, the inshore slopes 

of Long Point, and opposite Buffalo. Drift is predominantly towards the
A 

east but reversals occur on the east sides of the major promontories and the 

patterns for the individual sub-basins are similar to that for Lake Ontario. 

Sediment supply is from eroding bluffs of the western_and central basins and 

is about ten times that for Lake Ontario, 17,500,000 ma (Haras,.personal 

communication). The submerged moraines at Point Pelee, Long Point and Port 

Maitland have crestal deposits of extremely well-sorted sands and gravels 

which appear to be formed in place by reworking of morainal material. 

RESEARCH NEEDS 

The preceding discussion has summarized the current status of near- 

shore studies in the lower lakes as they relate to the interaction of modern 
sediment, source_materials, and nearshore circulation. Further work is re- 

quired in several areas: 

l. The textural properties and erosion rates of the exposed glacial sediments 

and the mobility of the coarser grain sizes in these areas are unknown. Stud- 

ies are now in progress at CCIW to monitor profile changes, to sample the 

glacial sediment and to record coarse particle movement with acoustic "pebble"
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tracers and by direct observation with a newly-developed underwater photologger 
2. The paths and rates of movement of suspended sediments alongshore and down- 
slope into the basin require further study. ls there uniform dispersion of 
suspended sediment down the offshore slope or streaming at specific locations 
within the basin? 

3. The directions of net longshore movement of sediment have been established 
but rates of littoral drift and details of sediment transport in response to 
various wave approaches are poorly known. This type of information is critical 
for site selection and design of shore and offshore structures. 
b. The mechanism of transport of coarse sediment transverse to the shoreline 
and its importance relative to longshore transport requires study. 
5. Data on the volumes and textures of beach, bay, and dune sediments are 
spotty and need to be expanded before a realistic sediment budget can be at- 
tempted.

_ 

8. Perhaps most important is the need for a complete stratigraphy of the 
nearshore sediments. This is essential for the understanding of the effects 
of short- and long-term water level variations on the evolution of the basin 
margins, which is the_basis for the prediction of the form and scale of 
future changes. 

I -
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FIGURE LEGENDS 

I. Extent of nearshore zone (Or20m) in Lake Ontario 
and Erie. 

2. Nearshore sediment distribution of Lake Ontario 
(after Rukavina, I975). 

3. Net longshore drift directions, Lake Ontario. 

A. Annual sediment input to Lake Ontario from shore 
erosion. 

5. Average grain size of Lake Ontario deposits and 
of presumed sources. 

6. Accumulation rates of Lake Ontario deposits. 

7. Volume and texture of source sediments vs. that of 
nearshore deposits. ' 

8. Nearshore sediment distribution of Lake Erie.

\ 

‘ _ _ .

v 
I -

I



i 

EWFMWIOOE

\ 

__ 

\ 

__m“_

x

\

H 
MEDUHQ 

__|r|'|'|_|_ 

V8_

_ 

mg0EO__x 

\_\_ 

. 

X
_ 

. 

_" 

>"HN§§";“4>4___"“u““Hunfii)

_ 

.\

W

\ 
_\ 

M 

\_

N 

O__<"_"_Dm 

q_|_<“_ 

<I<U<_Z 

Zo___]___2<

I 

_> 

__"__m_vh""fl

> 

/__ 

MW 

_.

‘ 

‘

> 

H_“__ 

\_\_\_\_\

V 

9289 

_\ _\ 

°»_ 

DQB 
mu 

o_m_<FZO 

mV_<|_ 

OZ<Jw>w'_O
_

C 

>¥WDQZ<w 

u 

8_____ 

\_\

_ 

M

8 

mm

O 

\ 
\_

w 

8

O

\

_ 

v

_

M 

0059 

M

’ 

\ 
\

i 

“__‘_'_““>¥_Q3“ 

“‘__§v_ 

““"U"'""_>_v"“ 

‘v__ 

_“_v_H 

_m_">_m>""1_

_ 

WEN 

WK’: 

_"__<l_O 

Hm 

m_v_<__ 

‘I_I:_H““"_“_"_""H"

%



N 

ESUHE 

8 

Q22:

O 

1|IT'r_|[1[1'1 

om‘ 

O2$___°__v_, 

O‘

~9 

__2wg8_ 

_A 

'@% 

Y“

_ 

fig’

f 

\\\\\\\\\\§\\\\\\\\\\\\\\\\\\\\\\\ 

sums: 

¥|V_,flM~'@F“ 

J‘ 

%___Eg

= 

Q 

\\ 

\\\\\\\\\\\\\\\\\\\\\\

_ 

\\\\\\\\

_ 

\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ 

\\\\

_ 

\‘ 

W‘ 

I\ 

ii"i.|.|r|‘lpliD|.|.!‘.l‘J.l.|i.li.|‘l.l.l‘"‘i.|-l- 

__\

I 

\_\' 

’

K 

_v_

_ 

v 
_ 

_o~:°‘_°~

I

\ 

Ww

_ 

_\_ 

It

\

_ 

5 
_\_ 

mm“

_ 

‘Q 
\

, 

l_\W%HHWH|Yl__ 

W4

V 

‘_ 

fig‘, 

fi 
III’ 

‘I

l 

\|“\

I

H 

_§ 

Q“ 

K 

‘_

‘

h 

$ 

COB: 

_ 
__g_ 

‘£m§\%%“§%Ig 

ND 

_8fi__Co_p£_O§ 

v_OO_8n 

EOEO 

v_OOL8n 

m%% 

R“

X 

Wu

A 

£___wo%_U

E 
EM 

#gE_8W 

_M_OQ_m 

50
I 

Em 

gm’ 

U5 

3%

U



“N

. 

M 
HEDGE“

_ _“
_ 

.

._4 __"_ 

_
_ 

7‘

9 

‘Q

0 

vi‘ 

NH 
8

Q 

“Q 

EmE_Um_w 

Q“\u_mm 

___O_#0gn_ 

E6 

$2 

All 

O__m<___zO 

m_v_<|_



__ 

Omm_$mO 

KQR“ 

Q 
$50?“ 

E8 

E9“ 

\ 

ixhi

K 

M,‘ 

D

W 

Q 

§
K

) 

>50 

neooqow

U 

02% 

ooO€___ 

gag 

m__a“_c 

Ag; 

_§__:__g_

_ 

\

\

N 

%%( 

nEOOO_gn 

>50

\ 

nggfig 

gm 

gig}

_ 

m:__8O_O$ 

02$ 

nEOOOd2__ 

5n_z_ 

J59 

\ 

‘Egg 

“E08 

3 

|_w><"__Q

\ 

iv 

% 
000



I 

f 

_||I 

_>mo 

=5

i

n 
HEDUHK 

#C®E__UQw

Q __ 

____ 

g__wmm_z

I 
V

_

_ 

_ 
__ 

__VE 
V.

. 

c2__Em_'_ 

0228

TL

' 

G
‘ 

__

_* 

____

_ 

Q 
Co5:___2>

%
_

M_W_ 
__ 

_UC®_%w



“

Q 

w 
HNSUHWH 

M 

\m

t 

F

w 

;
E 

OOQ5 

__>\EE 

Ed 

I 

_(\‘\/ 

_>\mE 

08$ 

\/I)‘

A 

' 

__N\EC__ 

NNp\ 

w
_ 

;\mF_ 

Ogfidm 

$88 

mg

Q
4 

;\

E 

OOQNN 

wghm 

>CO:M_DEDOO< 

O_N_<___zO 

mg:



___ 

_®>Eo 

“UH”?

> 

Em 
‘Am 

Emw6

>

N 
HEDOHE 

zO5_/__|_|_m_>> 

O___2 

O E 
O___

E 
'-'I.'II.I.-‘ 

_ 
I 
I 
_ 
I 
_ 
‘ 
I 
I 
_
_ 

O 
U 
_ 
I 
I 
.
_ 
I 
I
I 

'.IC'I-.I-'-IlI-I-'l- 

_ 
_ 
_ 
I 
I 
I 
I 
Q 
I 
‘
_ 

_ 
I 
' 
I 
I 
I 
_ 
_ 
I
. 

‘III...-OI.‘-I-III... 

_ 
_
_ 
_ 
_
_ 
_ 
. 
_ 
_
I 

.'_..‘..IlI.I.I.III'.

_ 
_ 
I 
_ 
I 
I 
Q 
_ 
I
I 

U2__w_OQmn_ 

DUUOE

U

W 
we

_ 

m_“_n_“_

n 

lI.I-'. 

I 
I 
_ 
I
I 

ZOl________>_<I 

<N_<@<M_Z 

m‘ 

________ 

IO...'.... 

_ 
_ 
_ 
_ 

. 
I 
_ 
_
_ 

I 
_ 
_ 

O 
C 
_ 
0
_ 

I.I-I 

up 

* 
’ 

‘

' 

|__



_mMM WWr __‘J9 "_ HmiM __‘_wU _W N_ _mR _M

8

_ M 

\
\

M 

l_

\

X 

_

\ 

i

\ 

D 

\ 

__

_

\ 

3_ 

Y‘ 

Q 
$502 

>35

I 

8 

BE

_

O 

_U___N_Q6_O 

mD_$E°_§

O

U
% 

_ 

Ii" 

1',

O

’ 

DB2

> 

‘ 

_\

_

J 

\_\ 

_\_ 
\

W 

H 
E_ 

I’ 

_Wv_H_’_( 

__ 

_ 

:§‘_W°mm»sMHl_> 

bxlmwhuwvx

__ 

_\__\ 

V

V 

0&8

3

_

W 

‘V 

_- 

8‘ 

\_\ 

H 

H"""h___M2§___ 

\_\

H 

_\_ 

4‘MwH,__{_V

> 

> 

____ 

_\

> 

Why“, 

>___ 

_

“ 

"J

U 

\

‘ 

\_\ 

_’,MH)_ 

J“ 

_________ 

_V__ 

x 

>_______ 

it

W 

_\_ 

_ 

_fl_H_"W—\£_)____‘_ 

‘

1

W 

\

_ 

__'________“___m“__‘____u__HH_~>km“ 

W5_____m_Mm_§_“_ 

5;

_ 

\_ 

Q 

__$'___“fi_Q___E_g_ 

_v__#3H_mh~€_5w_>___W__V 

5"" 

Q 

\\

Q 
\ 

if 

I

\

A 

\

\ 

m_

_ 
\

\ 

_ 
J

\ 

\\ 

’ 

__ 

___

\
_ 

J 

’ 
_ 

__

_ 

\_ 

\

* 

v 

_a 

m___o_

2

‘

\ 

$_w8% 

8 
Us 

EwE_8w 

_m_om_m 

_ 

_\ 

\

Q 
Dc“ 

E8

U 

_\_

_ 

_
_ 

_m>_W_ 

sass

_ 

UCGENE 

ton

u__ W 
’ 

‘

'

_ 
hi 

L 

It?’

‘


