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GENERAL IN~RODUCTION 

During recent geologic times in North America, four distinct 

glacial ages ocoured within the Pleistooene epooh. Evidences of the 

first three glaciations, the Nebraskan, Kansan, and Illino ian have 

been largely obscurred by the affects of the most recent glaciation 

known as the Wisconsin. Measured on the vast scale of geologic 

time it was only a few moments ago that the great continental ice 

sheet of the Wisconsin glaciation covered all of Southern Ontario. 

In aboo lute terms the ice sheets first began to recede between 

15,000 and 20 ,000 yea.rs ago under the impress of a warming climate. 

Some 8,000 to 10,000 years have passed since the last vestiges of 

ioe receded from the landscape of Southern Ontario. ~oday the great 

variety of glacial landforms which cover virtually all of Southern 

Ontario represent the legacy of the Wisconsin glaciation. Because 

of its extreme geologic youthfulDBss the physiography of Southern 

Ontario bas been essentially undisturbed since its formation. The 

infinitely slow but inexorable agents of landform denudation have 

not yet had time to modify or change the "Wisconsin" landscape to 

any appreciable degree. From this landscape with its marked clarity 

of origin&l features, one group of ele~nts related to a partieular 

set of circumstances has been selected as the subject of investigation 

in this thesis. 

During the 10,000 years or so that it took for the Wisconsin 

ice sheets t c recede completely from Southern Ontario, a number of 

large glacial lakes were formed in the basin areas now oooupied by 
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the present Great Lakes. These anoien.t predecessors of the mod.era 

Great Lakes ha.Te lett fossil shorelines throughout many areas of 

Southern Ontario at eievat ions ottea m.uoh higher than. the present 

lake·•· 

It is tm purpose of this thesis to investigate two such shore­

lines in northera Wentworth County.• In this investigation the 

approach will be essentially geogr~hio. It will include th.e delia­

eation and mapping of the shorelines and their attendant features, 

a discussion of their physical characteristics both in time and 

space, and their formation in relation to the anoient lake environments. 

Ia addition, the relationships between the shorelines and certain 

physical elenents such as soils, drainage, erosion, etc., will be in­

vestigated, as well as the relationships between the shorelines and 

oertain cultural elements. The study will be divided into two main 

pa.rts. In part one, which forms the major section, the pbyaioal 

geography of the shoreli:oes will be systematica.lly analyzed. Jam.ea 

Hutton's famous geologic principle of uniform.itarianism•• provides the 

perapeotiTe for this first section in which "the prese:o.t is regarded 

as the key to the past•" The ahorter but equally important second part 

will be oonoerned with the present cu.ltural geography of the shoreline 

*The study area lies just north of' the western terminus of Lake Ontario 
ad constitutes most of the northern portions of' Beverly·,Yest Flam.boro 
and East Flamboro Townships in nortrera Wentworth County. (see map No. 1) 

**Hutton, Jamee 
1795: Theory of the Earth, Edinburgh 
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areas. The point of departure for this second seotioa is a complete 

reversal of the Httttoaian principle as the major consideration shifts 

to the influenoe of the physical elements of the shorelines upo.D. tm 

land use and settlemnt pattern. Heme "the pa.st beoollM:ls the key to 

the present". Although both sections a.re written from opposite pers­

pectives, they are fused within the overall geographic approach. It 

is the writer's hope that this fusion will be suoh that it will provide 

a balanced systematic study elucidating both the physical and cultural 

aspects of' the ancient shorelines that have been preserved upon the 

laudsoape of northern Wentworth County. 
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§ECTION 1 

DESCRIPTION OF THE STUDY AREA 

CHAPTER 1 

BEDROCK GEOLOGY 

FORMATIONS 

Bedro<ak throughout the study area is comprised mostly of crystalliae 

dolomites of Middle Silurian age. Beds dip gently to the southwest to 

form the dip slope of the Niagara escarpment. Bedrock elevations decrease 

accordingly. Ia the west,over a~out 6oi of the area, the surface strata 

are cream to buff ooloured dolomites of the Guelph formation. Beda are 

uniform aJd display thicknesses from two to eleven inohes. (see fig. 1) 

Most of t be eastern port ion of the study area is tlllderlaill 'by the some­

what older grey-buff dolomites of the Lockport-Amabel formatioa. Bedding 

is similar to that of the Guelph formation. In a small area of tbe north­

east,a re-eatr&11t in the Niagara escarp~nt,now oceupied by the Bronte 

Creek, has 'been cut dow:a into the still older grey-buff sa.l'.ldst on.es, shales, 

and dolomites of the Cl inton-Cata:ract group which forms most of the es­

carpment face. 

BEDROCK SJJRFAQE 

Because of the oovering mamtle of glacial drift information regard­

ing the bedrock: surface is limited. However, oertaiD. ge11eralizationa 

are apparent. Ill the southwest portion of the study area a few amall 

escarpmnts outcarop tbrough the thin drift breaking an. otherwise smooth 
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Fig. l: Outcrop of thin, even­
ly bedded Guelph dolomite south 
of Sheffield on No. 8 Hwy. 
Note: the shallow overblII."den of 
this limestone plain area. 
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bedrock surface of the Guelph dolomites. The general d ireot ion of these 

outcrop ridges is northeast - southwest approximately at right angles to 

the strike of the beds and aubparallel to the Dundas re-entrant in the 

Niagara escarpment, Younger strata. of the Guelph dolomites also break 

through the su.rtioial Pleistooene deposits farther north in the central 

portion ot the study a;rea. The location of these outorops. plus a few 

areas of outcropping Lockport-Amabel strata in the east-central zone, 

suggests there may be a series of generally northeast-south.west trend ing 

escarpments of low relief throughout the study a.rea subparaJ.lel to the 

northern soarp face of the Dundas re-entrant illto the Niagara esoa.rp­

ment. 

The far northeast corner of the study a.rea,;wbere elevations increase, 

ia oharaoterized by exceedingly rugged bedrock. It has been suggested 

this zone of rough be.drock surfaoe II1Bf 'be related to reetlike structures 

of the Lockport-Amabel foriration.l 

The Bronte creek valley eouth of the rough bedrock zone represents 

a drift tilled pre-glacial re-entrant out into the Niagara. esoarpmen.t. 

The upper reaches of this pre-glacial valley are completely buried west 

of Flamboro Station. Nevertheless. it seems likely that the head of the 

valley does not extend more than two or three miles to the west of this 

point. Borings indicate a probable depth of 60 feet and steep walls in 

2the Carlisle a.rea.

1xarrow, P.F. 
1959: Pleistocene Geology of the Hamilton Map-Area; 

(Preliminary Report) Ont. Dept. Mines. Circular No. 8 
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Two mile a west of Millgrove, steep out oropping wall&· reveal a aim­

Uar buried pre-glacial Talley oriented north-scnth. Extraotio11 of peat 

and muak from this bedroak depression has revealed a depth of at least 

twenty feet or more. 



- --- - - -

--

..,,
/ ·~ 

\'"'-" 
·. ~.--- --- \ "' '", ..c---­

E A S T '""' ,, . 3"- FLAMI 

\ 1 ~ 


Mop.no.2 

BEDROCK GEOLOGY 
(WENTWORTH COUNTY) 

LEGEND 

GUELPH DOLOMITES -- -- --~ 

LOCKPORT-AMABEL DOLOMITES ---- - l TlB~. 
2CLINTON. CATARACT GROUPS (6ANO>T-~,......_,,,., .-..11 I 

QOEENSTON SHALE [ I nl
\1 4 " - '>,REGIONAL DIP 

u\ \FL ~· -_:l 
"" TOWNSHIP BOUNDARY 

BEVERLY \ - '"" 
AREA " 

\ 
-~ 

~------~ 'I 
~ '- SALT FLEE TANCASTER I 
~--~ I ')..... 


··-............ ................ 
4 I - --- -- ---- --- .. _J


I Ii 
II G L A NFORD ---·· 

IN '--.....------- .J___ 
I 

.. .j1e 1 N e R o o K r t >i i i t t t l t I 
MILES 

'-----. .............. I SCALE 1•250,00
I 
• -~•• ........__ ...____) Wll'llEys 


............ . • D•~ "UNe~ t r~<N..O(.M. 1"1-.• 1002A )
l.a.jlt"r :;: lt 



CHAPTER 2 

GLACIAL GEOLOGY AND PHYSIOGRAPHY 

!NTRODUCTION 

Land forms throughout the study area are primarily the result of 

Pleistocene glaciation and,to a lesser exteat, post-glacial erosion and 

deposition. Surtioial deposits are of laoial.~ gl.aoiofluvial., a.ad 

glaoiolaoustrine orig1n,aud are geneticail.y related to movements of the 

Lalce Ontario lobe of the Wisconsin ice sheet. At least two or more 

advanoes of the Ontario lobe moved in a westerly direotion aoross the 

area giving rise to the present physiography. ~he oldest tills occur 

in the most westerly part of the study area, whereas the youngest tills 

occur in tm east. 

EVOLUTION OF TEE PRESENT !ANDSCAPE 

During its earliest advam.oe tm westward moving ioe of the Ontario 

lobe sooured off most of the bedroak in northern Beverly, West Flamboro, 

1and East Flamboro .rownships and formed a large morai11ie system just west 

of Wentworth County. A small portion of the Galt moraine representing 

the eastern margin of this system euts northwest across the wester• part 

of Weatworth County. 

Either during the first advance, or more probably duriDS a later ad­

vance, the Ont8.T'io ice lobe deposited a. 1.Y,.ber of generally east-weat 

trendinS drumlins a.nd drumlinized till ridges on the shallow overburden 

http:advam.oe
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of tbe limestone plain and the lower edges of the Galt moraine's east 

margin to form the present day N'estover drumlin field. StagD.ant 

wasting of the ice sheet left ice contact materials a.rouD.d tm lower 

tl.aaks of the drumlins, particularly around tbe ends. At the same 

time outwash gravels, fa.as, eskers a.ad kanB deposits were laid down 

in. the central and western portions of n.ortbern Wentworth County. A.a 

the ice receded, meltwa.ter oh&.lUlela out down to bedrock.: through the 

sha.llow till deposits 11.orth of Sheffield, and formed a few, small, bare 

rock floored, spillways iD. this area. 

The last major advance of the Ontario ice lobe laid down the yolilllg­

est till deposits 111 tlle area tbroughout most of East Flamboro, 8Dd 

West Flamboro Town.ships, and fo:rmed a low gently undulati:ng morainic 

system on the dip slope of the Niagara escarpment near, and parallel to, 

the scarp face. During the advance and recession of the last ice aheet 

outwash sands and gravels, derived principally fro~ the northeast beyolld 

Campbellville, were deposi tad throughout the Carlisle-Harper Corners area. 

Stagnant wasting of the last ice sheet is indioated by the presence of 

Kame deposits and askers in the Carlisle area. Meltwater channels deYeloped · 

parallel to the receding ice front ancl carved shallow sandy spillways 

between the strands of the Flamboro morainic system. 

PRESENT PHYSIOGRAPHY (see map No. 3) 


Moraines 


Galt :Mora1pe. The topography of the Ga.lt moraine which cuts across the 


northwest corner of' the study area is typically rough and hwnmooky. 
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•Elevations rise from about 865 ft. at the base of the moraiae north 

of Sheffield to slightly over 1000 tt. at Clyde and 1050 ft. near Crieft 

in Pualinoh Township just north of Wentworth County. The till in this 

moraine is probably the oldest Ple iato oene deposit in the study area. 

It is typically an oxidized red-buff to grey, loose stoaey till of sandy 

to loa~ oomposit ion _, aDd was pr·obably derived in part from the dolomite 

cap rooks of tl:e Niagara escarpment by westward movenent of the Lake 

Ontario ice lobe. 

nambOfQ Mo;aiae. The moraines in East Flamboro and West Flamboro 

ToWAships differ markedly :from the Galt m.oraiu ill morphology, age, 

and composition. Three strands of this moraiae &1ld two intervening 

meltwater cha.llnels extend across the southeast corner of the study 

area in a southwesterly d ireotion. The most easterly strand barely 

cuts across the lower righthand corner of the aooom.panying physio­

graphic ap (see map No. 3). Unlike the Galt moraine these moraines 

are low and smoothly indulatiDg with :no rugged, hummocky, topography. 

Elevations decrease along t:OO strands to the southwest and across tbe 

strands towards the Niagara escarpment to the southeast. The most 

westerly strand attains an elevation of slightly over 925 ft. at the 

Wentworth-Halton County line but decreases to 8?5 tt. along most of ita 

orest, while along tbe northwestern :flank elevations are slightly less 

tha.n 850 :ft. The two more southeasterly moraines have crests at 850 tt. 

aad 800 ft. and are separated by spillway channels Just below 825 tt. 

and 800 ft. respectively. 

• Datum Plane tor all elevations given is mean sea level. 
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Recent investigations have shown that the Fl&mboro moraines are 

oomposed of a yo wager till than that ill the drumlins and the Galt moraine 

to the west. This till is typically of a stony• reddish-brown, silty 

olay oomposition in. the oxidized zome and is covered with a very saady 

mantle tbro ughout most of the study area. ~he same investigations have 

also shown that the recession of tbs last ice sleet was marked by a 

number of minor advances, at least in the north where three similar till• 

of this. younger age are separated by beds of sands Dear Lowville.3 The 

author has found similar evidence at the southern. end of the second most 

westerly moraine in a road out near the intersection of the Brock road 

and No. 5 Highway. Here about five :feet of till on top of the moraine 

is separated from the main body of till by about two to three feet of 

sand. The implication is that fluctuations probably oeoured along the 

entire ice front between Greenaville a.lXi Lowville. 

The Limestone Plain 

East of tl:e Galt moraine most of tbe central part of tbe study area 

is occupied by a broad d'rumlinized limestone plain. Except where there 

are drumlins and associated areas ot deeper drift, most of this ice scoured 

line stone plain is covered by less thaa two feet of overburden. {aee fig. 1) 

Most of the shallow overburden consists ot laoustrine sands 8.lld silts ia 

the southwest and thia glaciofluvial materials in the northeast deposited 

dur1ng,and subsequent to, the ice retrea,t from the area. Attention 

has already been drawn to the small northeast-southwest trending 
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escarpments which cross this shallow drift plain, as well as to the rough 

bedrock surface which outcrops in places through the extremely thin drift 

in the northeast. Elevations of this limestone pl&in refleat the regional. 

dip atld increase from about 850 ft. in the southwest to alightly over 

900 ft. in the northeast. 

~he Westover Drnml in Field 

By far, the most striking pbyaiographic features in the study area 

are the drumlins of the Westover drumlin field which occupy much of north­

erm. Beverly, and parts of E~t Flamboro, and West Flamboro Townships. 

Well over fifty drumlins of variable size oecur in this field with tbe 

largest, most well developed, members ooouring in the eastern and central 

portions of the study area. Generally speaking, west of highway 52 the 

drumlins are poorly developed. Orientation of tbe drwnlins is :a.early 

east-west throughout most of the central area! whereas approaching the 

Galt moraine in the north and northwest, the orientation shifts to a 

general northwesterly direction approximately at right angles to the 

moraine. The till of these drumlins has been described by Karro-' aa 

sandy in texture with a pink-buff ooloured oxidized zone. It seems 

probable that this till is either of a similar age and origin to that 

ot the Galt moraine or just slightly younger. 

• 	 Glacial stria 2 1/2 miles north weat of Westover indicate ice pa.ased 
over the area along a bearing 2a0 aorth of west. (see fig. 2) 

'xarrow, P.F. (op. cit.) pg. 3 
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Fig. 2: Ioe-scoured Guelph dolomit• 2 l/2 miles 
northwest of Westover. Average striae orient­
ation is 298° Azimuth indicating ice moved oTer 
the area in a direction slightly north of west. 
Arrow indicates direction of ice movement. 
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The main drnml in field (Westover area)• :Most of the largest drumlins in 

the field occur in the type a:rea just north of '7/estover in the Tici:aity 

of tl:s West Flamboro-Beverly Townl.ine. Here a few of tm drumlins attain 

l&gths of oDe to 1 1/2 miles and he igb.ts of 150 tt. to 175 ft. above 

the surroUDding land. Elevations at the base of the drumlins1rise from 

around 875 ft. in the south to around 900 ft.-925 tt. in the north, 

over ad istmoe of some three to four miles. On the other band, the 

crests of most of the drumlins in the main group are all around 950 ft.­

980 ft. in elevation. 

The ma.Jori ty of the drumlins north of Westover and east of Kirkwall 

have been formed on a tabular till ridge above the surrounding limestone 

plain. The curious feature, however, ia that many of the drumlins in 

the maia group have been formed so close together that they have been 

fused into oomposite masses of till representing groups of two or three 

roughly formed drumlins. A good example ocours Just south of Carlisle 

where two drumlins have fused to fonn a V-shaped mass of till pointing 

east. Exoept for the fused groups, however, most of the drumlins in 

the maiu. We stover area a.re fairly well spaced about one balf mile apart. 

Soma two miles west of Westover the drumlins beoome more widely spaoed 

and are a.bout one mile a.part. East of the Brook Road the few drumlins 

that exist are widely spaced with one or two miles between most of them. 

One other unusual feature of the ma.in drumlins is their dispropor­

tionate width compared with their length. Many o:t this central group 

exhibit a width equal to at lea.st half their length, giving them a more 

rounded appearance than is oharacteris\.io of most drumlins. Tbe average 

http:oharacteris\.io
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length. ia about oia.e half mile. Due to their UJJ.usua.l width the slope a 

of the•e diumlins are less steep thaa in most drumlin fields. One 

point is vecy apparent, however, in almost ever:y ease the southern slopes 

of the drumlins are steeper than the northern sides. 

The southernmost drumlins around WestoTer and those farther wes~ 

most olosely approximate the normal drumlin form and proport ions. 

Here most of the drumlins average about one half mile in length and 

are a.bout one quarter of this dimension in width. NeTertheless these 

drumlins a.l.so exhibit a :rauoh steeper slope along their southern side 

than along their northem exposures. 

Throughout the entire drumlin field a. large quantity of kame 

material has been deposited a.round the lower flanks of the drumlins. 

This is particularly true of the main Westover group. Tbe kame is 

particularly prevelant around the ends of the drumlins where steeply 

dipping fans of semi-sorted ice contact material is a.l.most consist-

ently splayed out in a. northerly direction. (see figs. 3, 4:, & 18) 

Unless locally the ice melted first on the higher ground to the north, 

the reason for this northerly trend of the glaciofluvial deposits is 

not immediately clear since bedrock dips to the southwest. In only a 

few cases are these deposits found spla.ye d out in a southerly direct­

ion. Diagnostically, however, the presence of these ice-oontaet mat­

erials suggests that the recession of the ice which formed the drum­

lins took place by the ·mel,tiag of a stagnant ice sheet. 

Drumlins west of the ma.in field. Beyond the main WestoTer group to the 

west there is a large gap in the drumlin field between highway 52 and 
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Fig. 3: Gravel pit exposure of ice-contact :mat­
erial dipping north to form a glaciofluvial fan 
a.round the northwest end of the Westover drumlin. 

Fig. 4: Close-up of semi-sorted ice contact :ma.t­
erial seen in Fig. 3. 11.A.pparent1• dip is approx­
im.a.tely 30°. 
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Sheffield. This gap is characterized by an &1.mos t uninterrupted stretch 

of limestone plain west of which the drumlins again become apparent. In 

contrast with the Westover group, however, the drumlins in the Sheffield 

area a.re m.uoh smaller aDd are only a few tens of fewt in local relief. In 

the north oent:fal part of the area a fairly broad, low, dnimliaized ridge 

of till seems to be associated with a north-south trending bedroek es­

carpment which outcrops in a few places. Despite the faet that the drum­

lins west of highway 52 a.re much smaller than those to the east, there 

is still a marked tendency for their southern slopes to be appreciably 

steeper than their northern sides. 

The drumlins on the m.argin of the Galt moraine farther north and 

a.long the drumlinized till plain north of highway 97 are somewhat higher 

than most of those in the Sheffield area but are in every respect smaller 

than the main drumlins around Westover. '.C hey represent the poorly de­

veloped tail end of the field formed as the ice moved west and northwest 

over the area. Only a few of these drumlins exhibit appreciably steeper 

southern slopes oompSl"ed with their northern aides. 

.. 
Glaoiofluvial. Deposits 

Except for the ice contact material around the drumlins, glaciofluvial 

deposits laid down during the advance and the retreat of the ice sheets 

are located primarily in northern East Fl&mboro, and West Flamboro 

Townahips. 

K!!P!.• Kame deposits oocur principally in the Freelton-Strabane area and 

the Carlisle-Flamboro Station district, as well as on the floor of the 
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Bronte Creek re-entrant at the east boundary of Wentworth County. The 

deposits in the Carlisle and Bronte Creek areas have been described by 

Karrow a.s poorly sorted, irregu.larly stratified gravels.5 The kame 

deposits of' the Strabane-Freel ton a.re a are similar to those at Carlisle 

an.d are typically poorly sorted sands and gravels displaying irregtilar 

stratification.(see fig. 5) A few localized areas of highly sorted sands 

and gravels bave been uuoovered northeast of Strabane • Here, gravel 

pit operations have exposed slumped deposits whiah strongly suggest 

the iae sheet retreated by the melting of stagnant blocks. Throughout 

the areas of kame deposition elevations r&llge from approximately 875 ft. 

to slightly over 900 ft. North of Freelton at the intersection of the 

Beverly-West Flamboro Town.line and the southeast oorDBr of Puslinoh 

Township, kame and kettle topography near the Galt moraine ocours at 

eleTations from Just below 925 ft. to about 1000 ft. above datum.. In 

most oases the topography of the kaa:B areas is typically erratio an.d 

irregular although relief is seldom severe. 

Eskers. A number of small esmrs ocour in assooiation.with the kame 

deposits in northern East Fl.am.boro a.rd West Flamboro Townships. In 

the Carlisle area a small asker trends west from Flamboro station for 

a couple of milea. Several small, but well'form.ed, eSkars of short 

length are also associated w1th the lta.me deposits east and we st of 

Freelton. They trend in a northwest-southeast direction and appear 

to have been formed by water moving southeast under the ioe. 

5.K:arrow, P.F. (op. cit.) pg. 3 & map legend symbol No. 4. 

http:well'form.ed
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Fig. 5: Poo~ly sorted kame gravels northeast of 
Strabane. Irreg12l&r, contorted sand bed cuts a­
cross the centre of the exposure. (Cam.era case 
in lower left corner gives scale.) 

•• i _, 

Fig. 6: Well developed cross bedding in the 
sa.Dds aud gravel of the spillway a.long the east­
ern nargin of the drwn.lin field• 
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Outwash Gravels. In addition to the kame and es:Be r deposits, ou.twash 

gt-avels were also deposited in northern East Flan.boro and West Flam­

boro Townships during the retreat of the ice sheet which formed the 

droml1n field and du.ring the lesser advance of tbe last ice sheet 

whioh formed the. Fl.amboro moraines. These gravels ooour principally 

a.round the Harper Corners area and northeast of Carl.isle. In contrast 

with the kane deposits, these gravels a.re generally well sorted, rounded 

and stratified, with well deTeloped foreset bedding indicating a general 

nortl:ern origin. 6 Associated with these outwash gravels is a well de­

tined spillw&f cha:mel which exte:o.da southwest &long the east front of 

the main dru.mlin. field from the junction of No. 6 highway and the Carlisle 

concession to the conoession imnediately southeast of Westover. Ex­

tensive gravel workings in the bottom of this spillway at the inter­

section of the Brook road and the oth oonaession road in West Flamboro 

have revealed well sorted horizontally bedded sands and gravels. Well 

developed oross' bedding in the northeastern exposures il:ldioates a 

northeasterly source. (see fig. 6) It seems probable that thia spillway 

was formed during the recession of the ioe sheet whicth formed the drumlins 

and that its deposits are contemporaneous with the outwash gravels im­

mediately to the northeast. 

Outwaah fans. At least one outwash fan has been positively identified 

within the study area and the presenoe of a seoolld oD8 seems probable. 

The first is a v.ell developed fan built south from. the mouth of a narrow 

gap between two drumlins in the north central port ion of the 6th con-

6:Karrow, P.F. (op. eit.) pg.~ 

http:exte:o.da
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cession Just west of the BeTerly-West Flamboro Town.line. ~his tau 

which is dissected by the present Spencer Creek valley stands out with 

exoeptional clarity on aerial photographs. Materials in this fan are 

poorly sorted, stratified, s&.Diy to loamy, subangu.lar gravels. A.a ex­

posure in the western part of the :ta:a indicates a gentle dip to the south 

at approximately ten degrees. (see figs. 7 & 8) A feature of similar 

morphology and orientation occurs Just west of Mountsberg and is probably 

of a simil~ origin. It seems likely that these fans were built out 

during the retreat of the ice sheet which formed the dl'\lmlina. 

Spillways 

Brief mention has already been made of the spillway channels in tl:e 

study area. They ooour ill three separate areas and are related to both 

the earlier and later ice recessions. In the 7th and 8th oonoession 

blooks north of Sheffield, three small spillw~ channels have been cut 

down through the shal.low till to form rock floored drainage outlets to tbe 

south. These stallow clannels,plus the gravel floored spillwq along the 

east front of' the ma.in drumlin field, were f'onned during the recession 

of the earlier ice sheet whioh formd the drumlins. The shallow spill­

ways between the strands of the Flam.boro moraines on the other band 

where formed during the recession of' the last ioe sheet and a.re typically 

sandy in nature • 

Swampland 

A quantitatively important element of the present physiography is 

the large area of' swampland between the main dl'\lmlin field and the 

drumlinized till deposits north of highway 97. The Beverly swamp com­

prises most of this poorly draiDed land; however, a nwnber of other 
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Fig. 7: Gently dipping stratified outwash grav­
el exposed in the large outwash fan north of 
Westover. 

Fig. 8: Close-up of the outwash gravels seea in 
Fig. 7 showing the sub-a.n.gula.r nature of the 
gravel and its loamy matrix. 
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smaller areas of swampland also exist throughout northern Wentworth 

County. Most of the major areas of swamp are oovered with mu.ck and 

peat deposit a u.sually less than tiTe or six feet in depth.7 

Raised Shorelines 

At sometime during the s.low fluctuating recession of the last ioe 

sheet two glaoial lakes were formed in the Lake Erie iaain. These lakes 

were dammed between the ice front on the east am the Galt morail:ae and 

higher grown to the west and northwest, thus covering most of northern. 

Wentworth County during their existauce. ~he hi@Jl.est level lake covered 

most of the drumlin :tield leaving only the highest crests above water as 

a group of islands. The seoom lake, which existed at a lower leTel, 

extended mostly below tb9 drumlin fiel.d. Raised shorelines at both levels 

oaou.r on the most north westerly Flamboro moraine thus ind ioating that 

the ioe fl'Ont must bave reoeded to some position S> utheast of this point 

during the existanoe of these lakes. Field evidenoe indicates there was 

proba»ly a low level period between exists.nee of the two lakes.* Both 

of these glacial lakes have left various raised shoreline features rang­

ing from erosional to oonatruetional foima tl:troughout the area. The sub­

sequent seot iona of this work will be oonoerned with a detailed analysis 

of these Tarious shore line features as elements in the tot al geographic 

entity of nortbern Wentworth County. 

swnma.ry Report No. 286, Millea Bran.oh, Dept. of Mines, Ottawa. 

1913 


*Differential upwarping of t le two water planes suggests a low-level 
period of extenaiTe eastward retreat of the ioe front between the 
lowering of the upper (oldest) lake and the formation of the lower 
la.lat. See, "Elevation and Attitude of the Shorelines", Chapter 3 of 
this work. 

7

http:swnma.ry
mailto:hi@Jl.est
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SECTION 2 


RAISED SHORELINES 


IN NORTHERN WENTWORTH COUNTY 


CHAP.rER 3 

GENERAL INFORMATION 

PREVIOUS WORJ( 

At the time of this writing very little has been written regarding 

the existance of raised shorelines in northern Wentworth County. Indeed, 

the presence of these shorelines seems to have been overlooked almost en­

tirely by most investigators. LeTerett and Taylor indicated the prob­

able extension o'f glacial lakes Whittlesey and Warren shorelines through 

t:te area on small scale maps as early as 1915.8 They did not, however, 

support their assumptions with field observations in the area, thus ao 

beaches were mapped, but rather an assumed general shoreline posit ion 

was indicated. Writers after Leverett and Taylor have almost consist­

ently ignored the possibility of shorelines this tar north. Chapman 

and Putna.m9 suggest there was probably an extension of the Lake Warren 

shoreline through the .area at an_elevation of about 850 ft., but state 

that the highest recognizable Warren beaches ocour on the Galt moraine 

to the southwest between Paris and St. George at elevations between 

830 ft. and 840 ft. They ma.k:e the comment that these elevations are soIIB­

8Leverett, F., and Taylor, F.B., 
1915: The Ple iatocene of Indiana and Michigan 

and the hi story of the Great Lalces; 
u. s. Geol. SµrTey, Monog. 53. 

9Cbapman, L.J•, and Putl18m, D.F•, 
1951: Tbe Physiography of Southern Ontario; 

Univ. of Toronto Press. 

http:Putna.m9
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what higher than wou.ld be expeoted ot a Warren beaoh. Their assumed 

extension of the Warren shoreline aoross northern Wentworth County at 

850 ft. lies considerably below the lowest beaches found in tm area 

by the author. 

The question of highest ''expeoted'' elevations seems to have been 

the blind.told whiah has prevented the discovery of raised shorelines 

higher than Chapman and Putnam's assumed 850 ft. maximum level. Even 

warks as recent as Hough's "Geology of the Great Lakes••lO map the area 

aa being mostly covered by the Ontario ioe lobe during the existauoe 

of' glaoial lakes 1n the Huron and Erie basins. On the otherhand a 

B.A. thesis on BeTerly Township written in the Depa.rt~nt of' Geograpb.J' 

at MoMaster University in 195811 briefly alludes to the existanoe of 

raised beaobes in the Westover drumlill field. Staff members of the 

Geography Department at MoMaster have alm been aware of the presence 

ot these beaches am this has led the author to undertake the present 

stt.ll.y. At the time of this writing the only published :material show­

ing any of the raised beaems 1n the area is Karrow•e preliminary 

report on the ''Pleistoaene Geology of the Hamilton Map Area"12 , whioh 

covers a am.all seation of the raised shorelines in Wentworth County. 

In this work Ka.rrow i:ndioates ra.ised beaahes on the drtimlin east of 

Carlisle at approximately 875 ft. and 925 ft. He aJ.ao suggests proe­

able beaohes at 875 f't. on the moraine southwest of MillgroTe. 

10
Hough, J.L. 

1958: Geology of' the Great Lakes; Univ. of Illinois Preas. 

11 MoQ.ueen, R. 
1958: Beverly Township; Typed as manuscript, McMaster University. 

12Karrow, P.P. (op. cit.) (aooompan.ying map) 
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ELEVATION AND ATTITUDE OF THE SHORELINES 

During the Pleistocene glaciation of North Amerioa the weight of 

the oTerrid ing iae caused deformat ion and depression. of the earth's 

orust. Following the wi tbdrawa.l. of the Wisconsin ioe sheet a from South­

ern Ontario, isostatic rebound of the earth's crust oocured, resalting 

in a general. rise of the land to the northeast. As a result of this 

isostatic rise, the raised shoreli.D.es throughout northern Wentworth 

County have been upwarped to the nortbeas.t along an axis very olose to 

the orientation of a. line drawn through the hamlets of Freelton and 

Rockton. Unfortw::ately it is not within the scope of this thesis to 

precisely investigate the amount of upwarping the shorelines have 

undergone. It will be possible only to give a geoeral statement of 

beach elevations throughout the study area. Although the la.ck of 

precisely measured elevations necessitates approximations, it is the 

author's opinion tba.t·tbe eleTations oited throughout this work a.re 

:representative of the general levels throughout the area. 

The shoreline of the upper lake has under.gone the greatest warp~ng 

and rises from an elevation of approxi.mately 905 ft. at the western 

boundary of tl:e study area to slightly over 925 ft. in the northeast 

portion of the study area. This is a rise of about twenty feet in siX­

teen miles or approximately 1.25 ft. per mile. The younger, lower level 

shoreline is less strongly upwa.rped and rises from about 870 ft. at the 

western margin of the study area to around 880 ft. in the northeast, 

giving an a.ppro:xima.te aTerage rise of .75 ft. per mile. As a result 

of the diff'erenae in upwarping between the two shorelines, the water 

plains diverge increasingly to the northeast at au approximate rate of 

http:a.ppro:xima.te
http:shoreli.D.es
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0.625 f't. per mile. At the western boundary of Wentworth County the 

shorelines are approximately thirty-five feet ap&l.9t. In the far 

northeast of the atudy a.-rea they are separated by an interval of 

approximately f'orty-five feet. 

The faot that the highest shoreline has been the most severely 

upwarped strongly suggests that a period of extensive ice retreat be­

tween glacial substages probably oaou.red during, and subsequent to, 

the recession of the upper lake, prior to the formation of the lower 

lake. During suoh a period of ice retreat upwarping of the highest 

shoreline would undoubtedly have oecured. Although the extent of au.oh 

upwarping cannot be determined, it would have been proportional to the 

amount of ice retreat am the length of time inTolved until the ioe ad­

vance of the next glacial substage. Su}?sequent retreat of the ice sheets 

following the recession of the lower lake would again warp the upper 

beaehes since they lie at the most northerly "endtt area of' the upper 

water plane, and also bring about the initial tilting of the lower 

beaches. Such a multiple warping of' the upper shoreline seems likely 

to have been responsible for the present divergenoe of tbe water plaDes. 

Lack of precise elevations and the relative shortness of the 

shoreline area under investigation in this the sis (sligb.tl-y over sixteen 

miles), makes it virtually impossible to state which glacial lakes of 

the Erie basin formed the two raised shoreli:oes in northern. Wentworth 

County. Nevertheless in view of the vertical distance between the 

shorelines, their maxim.um elevations, and d ifferenoe in upwarping of 

the two water plaiea, it is the author's arbitrary opinion tbat the 
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upper shoreline is probably related to one ot the earlier glacial lakes 

in. the Erie basin such as Wit tle sey or Arkona. ~he lower shore line o:a. 

the otlerhand is probably related to Le.k:e Warren. An alternative ia­

terpretation would be that both shorelines represent the extreme north­

ern divergence of the warped water plu.es, of upper and lower Lake Warren. 

Suoh suppositions, however, are highly speculative and the answer to the 

question of which lakes ooou.pied the area will have to await further 

investigation. 

DELINEATION AND MAPPING OF THE SHOHJ!LINES 

The shoreline features of both lakes have been determined primarily 

through field observations and the stereoacopio analysis of aerial 

photographs. In a few areas photo enlargements at 200 ft. to the ineh 

were used. Morphology and distribution of materials were the major 

criteria for delineating the shorelines and tbeir associated features. 

The present raised beaches have been mapped on a scale of 1:50,000 

using the National topographic series maps as a base. In a aumber of 

places it was :round that the contours of the base map are in error. 

Due to tbe problems involved in changing the contours, however, this 

has only been done in a few cases. The beaches have been mapped as 

accurately as the scale would allow, aud in eases where they seem to 

contradict the contours of the topographie map, it is the writer's 

opinion that the placene·nt of the shoreline is the more accurate of 

the two. Despite the care taken to map the shoreli:a.es as accurately as 

possible the scale imposes some very severe limitations. In view of 

this it must be recognized that tbe shoreline symbols used are primarily 

http:shoreli:a.es


-33­

qualitative and are by no means an attempt at precise quantitative 

depiction. Although exaggeration has been necessary in order to 

dep iot certain features a oonsoious. at tempt has been made to keep 

this at a minimum. 

In addition to mapping the present raised shore features, an. 

attempt has been made to reconstruct oartographically the shorelines 

as they existed during the lifetime of the two lakes, showing depth 

contours, current, a.Id wave movement, etc. Again it must be said that, 

due to the scale involved, the ma.pa a.re essentially qualitative. 



OH.APrER 4: 

THE UPPER LEVEL SHORELINE 

PART A PRESENr SHORELINE FEATURES (SEE MAP NO. 4:) 

INTRODLC TI ON 

The highest level la.lee was the first water body to cover the area. 

during the last recession. of the Ontario lobe. Shore features were 

left upon the Galt mora.ine and tha high land to the northeast as well 

as on. the drumlins ot the Westover drwnlin field. Shoreli.oe eleTationa 

rise along ~northeasterly axis from approximately 905 ft. at the west 

boundary o~ Wentworth County to just above 925 ft. in northeast East 

Flam'boro. The shore features of th~s high level lake are almost en­

tirely erosional. forms. Analysis of these features will be on a re­

gional basis. 

imGIONAL ANALYSIS 


Beaches on tl:te Galt M9r&ine (Elevation 905 ft.-910 ft.) 


Well defined shore bluffs have been cut in the till of the Galt 

moraine northwest of Sheffield. No gravel beaches were fouoo along 

tl::e moraine but a narrow sand beach of Tarying width seems to present 

at the foot of t:t:.e bluffs in most places. These beaah sands become 

more prevelant to the northeast towa;rods highwa.y No. 9'1. The Beaoh 

bluffs are most strongly developed at the most southerly point w:t:are 

the moraine leaves Wentworth County. Here the bluffs are about twenty­

five feet high but exhibit moderate slope. Recent dissection bas modi­

fied the bluffs somewhat. Elevation of the beach appears to be close 

to 9 0 5 ft • (see Fig. 9 ) 

http:Shoreli.oe
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Fig. 9: Partially dissected upper lake beach bluff on the 
Galt moraine northwest of Sheffield. (Elevation approxi­
mately 905 ft.) 

...__ - -' - . 

Fig . 10: Dotted line indicates where the upper lake 
strandline cuts across highway No . 52 north of high­
way 97. (View north along highway 52.) 



~6-

Between Higl:J\'ays No. 8 and No. 97 the outline of the shore has 

been influenced by a a.umber of small drwnlins formed on the margin. of 

the moraine. In. most cases these drumlins haTe formed small points 

which projected out in.to the lake. The bluffs are best developed 

against these drttmlins, am ia a ama.11 san.dy emltayme:at imnediately 

north o:f' one of these drwnlia points,at least three creaoent1o strand 

lines can be clearly see:a o:a aerial photographs of the area. (lot. 4 

ooa. e) 

North of Highway 97 immediately west o:f' Highway 52,the shoreline 

forms a fairly wide embayment which occupies most of the southern halt 

of the concession &look.* ~he northwesterly orientation of this bay 

has been determined by the presence of small drwnlins on. either side 

ot the 'Day mouth. Here the shoreline bas treaded northwest parallel 

to the alignment of the drumli:as. Bluffs are well developed on the 

north shore of this embayment ind ioating strong wave attaak from the 

south. These bluffs are steeper thal:l those to the sou.th shown in 

figure 9. There is a d 1st inct sandy beach at the iase of tl:e se bluffs 

which tends to widen. 111 tbe north central part of the bay. In contrast 

tm west ahore of this emiay:mnt is poorly developed illdicating a 

protected lee enviroDil8nt from waTe attack. Nevertheless a slight 

})luff deTelopment is distinctly Tisible and is oha:raaterized 'Dy a 

san.dy soil at its base. Aa one moves up the 'bluff, there ia a distinct 

challge to till materials. Elevations appear to be close to 910 ft. 

* 	 (~he southern portio». of this b• is occupied b7 the westera term­

iD.us of the BeTerly swamp.) 
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where the ieaoh crosses Highw&1 52 at the base ot a small dra.mlia. 

{See Fig. 10) 

Shoreline Features on the DrpmJ i:aized Till Plain. North of Higbra.v 97 

(Elevations 910 tt. - 925 ft.) 

East of Highway 52 the Galt moraine swiags :north into Pus.linoh 

To•ship. Between HiglJflay 97 and tbe moraine lies a zone of drum­

linized till interrupted by patches of limestone plain. A few drum­

lias have beea fonned directly on these limestone areas with little 

or no surrounding apron of till. Through this zone raised beaohea 

extend in a disoont inuous line to the east through coacessiolil 9 to 

the Beverly-Flamboro 'l!ownl.ine. East of the Tosaline the beaches 

fade out except for a few disoonneoted bluffs in northern East 

Flamboro and West P'la.mboro '.rown.ahipa .• 

Aa on the Galt moraine, the ma.ill features are wave cut bluffs 

in. the till deposits. In soIIB cases the bluffs a.re extrene ly we&lt 

8.11.d diffi<lllt to traoe. In addition to beaoh bluffs there are also 

areas where slopes have been over-steepened aud slight terraces have 

developed. At least one diuml.in shows distinct wave 011t terraoes, 

while others have been over-steepened on the laJteward side. 

Examining this section in more detail, we find that i:rmrediatel7 

east ot Hi~W&¥ 52 the shoreline trends northwest around another 

drmllin. to form. a similar emba)'Il8nt to that on the west side of the 

high.way. The l.akeward side 9f this drumli:a has been slightly over­

steepened b7 wave actioA. Blufta have be& formed &1..oag the north. 

http:diuml.in
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shore of this em.haymel!Lt aad a good deal of sandy material occurs at 

the base of the bluffs. At the present time this embayment is p~t­

ially oovered by a small section of swamp. Beyond the deeper sandy 

aoils at the toot of the bluffs most of the emaaymnt. consists of 

poorly drained limestom pla.ia. East of this emba:yment is a fairly 

large drumlin which has been over-steepeaed by wave action on its 

southwest side. East of this dram.lb. there is a gap of about three 

quarters of a mile u.m.t 11 the next positive evideace of a shoreline 

is foum. It ia noteworthy, however, that throughout this gap the 

only overburdea above tl'.8 bedrook is al.most pure sand except for a 

few poorly drained m.uclt areas. Tb) eastern ead of this gap is 

iounded by a small narrow drumlin which cu.ts across Highw~ 97 one 

mile we st of Valens. This drumlin shows distinct evidence of over­

steep illg on its southwest face and a slight terraoe broadens out 

to form a wide wave cut bell.Oh a.round its northwest end. The strong 

erosional features on this drumlin have resulted from its exposed 

position to a long fetoh from the southwest. Directly east of this 

drumlin is a small cresoentio 'bluff which swings south along aaother, 

ollly slightly fom.ed drumlin, from whence it treads northeast as a 

low sandy ridge jnst north of Valen.s. This ridge appears to have 

been a small sand spit built out across tle moath of a small em.iay­

ment which, like the others to the west, exte:ads ill. a aorthwesterl.y 

direotioll.. (see fig. 11) This feature is oae of the few oonstruot­

ion.al forms built b7 the high level lake in tm study area. Immed­

iately opposite this aand spit there is a ridge of till associated with 
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Fig. 11: The low sandy ridge of the Valens sand 
spit outs diagonally across the ploughed field. 
Pines in the background occupy tbe western end 
of the spit. 

Fig. 12: Very slightly terraced till directly 
north of Valens. This feature forms the north­
east arm across the Va.lens embayment. Dotted 
line indicates the strand line, (Elv'n. approx­
imately 915 ft • ) 



a large drumlin to the northeas~. This ridge has beea ver7 slightly 

terraced sad over-steepen.ad by wave action. (See Fig. 12) The water 

level indicated b7 this strand line shows that the sand apit was 

probaily jQ.st awash in the lake. The north face o'f the emltayment 

is fairly well defined by a weak bluff. A. drumlin within the em.­

i8'Vnent shows similar features. Bedrook outorops ia a small north­

s 0t1th escarpment ledge a.cross tM oen.tre of the emltaynent. Oaly a 

little sal:ki oooura throughout this iay. 

East of Val.ens the shorel ina is defined 'b7 Darrow sand 'beaohea 

at the foot of disoontinuous beach bluffs out ill the till deposits. 

Inmadiately north of the BeTerl7 swamp beach iluffa are well defined 

and easily reeogaized. A d istinet sandy 'beach is situated at the 

'Dase of these bluffs and offshore sands e:xteDd right to the edge of 

tl8 swamp in a few places. 

In the oonoession block immediately west of the BeTerly Town­

li:ae the bluffs swing aorth around the swamp. A.a extremely steep 

bluff oacurs oa the west side of' the swamp Just south of the teath 

concession., Stone free san.d is again present at the base ot the 

bluffs whioh, themselves, are composed of till. Northeast of the 

steep west bluff, the beach is recognizable almost to the Townline 

where it fades out amongst a jumbled mass of Kame deposits. A 

short bluff can be recognized in more even. till moraiB.e just west 

of No. 6 Highway. 

East of aum'Der 6 Highway probable beach bluffs appear o:a the 

deeper till depoaits. Relatively distinct stralld lines also appear 

http:over-steepen.ad
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in a chevron form on an outwash fan Just west of Mountaberg. A probable 

shore cliff aa:l terrace at 925 ft. seems to be located on the souther• 

face of a drwnlin directly north of Carlisle i• the 10th oon.cessioa of 

East Flamboro. East of this poillt the rugged thinly covered bedroolt 

surface of northern East Flamboro Township has preTented any distinct 

)each development. 

Raised Beao:bea ia the Westover Prnm1in field (elevatioa1 910 ft.-925 ft.) 

The domina:at leach features in the drumlin field are ahorecliffa 

and wave cut terraces. Since moat of the drumli:as were ateep sided 

islallds in fairly deep water (25 ft.-50 ft.), almost no ooastruotional 

work was aaeomplished during the relatively short existan.oe of the 

high level lake • 

~o or three faots stand out consistently in the drumlin field. 

First, almost without exception, the dominant shore features occur oa 

the south face of the drumlins which were directly exposed to the 

strongest wave action. The protected north, or lee, side of the 

drumlins in contrast, shows little evidence of wave attack. Secondly, 

it has been typically at the weak "end areasn of the drumlins that 

tl:e forces of wave attack have cut the lm:gest terraces. Fina.lly, it 

is clear that the most open and exposed drumlins east and west of the 

central group, plus the soutmrmnoat drumli:aa of the central group, 

have been subject to the brunt of wave a.ttaak throughout the area. 

The more enclosed nortl:erly drumlins have been slightly protected, 

and thus do not show erosional shore features quite as strongly as 

the more exposed drumlins. fhis does not meaa to say, llowever, that 
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wave erosion has not been severe in t h·e more prot.eoted areas. It 

was evidently severe throughout the entire island system,but espec­

ially . so ill the moat exposed souther• areas. 

Since all tbe shoreline features stand out clearly on the 

accompanying map, only a general discussion of the drumlin. shore­

lines seems necessary. 

Drumlins in the Sheffield area. ~he smaller drumlins of tbe Sheffield 

area were evidently entirely underwater during the existanoe of the 

upper lake • As a result they telld to be more roUIJded and subdued 1• 

form than the larger drumlins to the east. One or two of the higher 

drumlins in tbe area appear as though their carests may have been 

slightly bevelled and flattened by wave action. La.ck of more positive 

evidence of wave action, and the small area involved in this probable 

bevelling have led to the omission of this feature from the map of 

shoreline features. 

Drumlins east of Highway 52. Almost all of tl:e raised beaches in the 

drumlin field occur east of Highway 52. Moving from west to east the 

first evidence of raised beaches occurs at KirkwaJ.l. Here the south­

west faoe of a snall drumlin has been over-steepened to form a shore­

oliff which extends southeast right through the north margin of the 

road intersect ion in the hamlet. Just south of this shorecliff a 

similar oversteepened \luff occurs on the south aide of a poorly formed 

snall. Only a very slight sandy beach occurs at the base of these 

bluffs. Immediately east of Kirkwall there is a fairly large drumlia­

ized ridge of till. Within this area one well formed drumlin lies in 
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Fig. 13: Horizontal bands of snow outline the narrow wave-out terrace and 
shorecliff on the southwest face of the drumlin 1/2 mile due east of Kirk­
wall. Fa.rm house is located at shoreline level on far side of the drumlin. 
(View of drumlin tail looking east.) 
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the northviest where it crosses the 8tb. ooncessiom. road. Oa its south­

west face a clear-out narrow saJIMly terrace an.d shoreolift have been cut 

at approxinm.tely 910 tt. - 915 ft. (aee fig. 13). South of the ooncess­

ion three or four poorly formed drumlin• oooupy the centre of the till 

ridge. The sout:OOrn slopes of the larger drwnlins in this group have 

been over-steepened to form distinct ahoreoliffs. No apparent wave out 

terraces have been cut into the drumlins sinoe the ahoreoliffs extend 

right to the bas&l. till ridge. A very low drumlinoid ridge at the 

south edge of the till ridge has been reduced an.d modified iy wave 

action to form a spit-like feature. The east end of this spit has 'Deen 

built out as a low sandy ariu trending in a northerly direction to form 

a slight hook. The west end of the spit appears to have been almost 

joi:aed to the shorecliffs of a drumlin just to the n.orth by a strip of 

beach. At slightly lower elevations the entire till aproa on which 

these drumlins have been formed appears to have been modified and 

bevelled by wave aotion. Most of the smaller drumlino1d swells o:n 

this apron ot till have been bevelled by wave action with the result 

that the till ridge stands out above the surrounding rook plain as a 

flat sandy table in contrast to the laold relief of t:te large drumlins 

furtl:e r east. Figure 14 shows the tabular form. of this low, drumlinized 

till ridge. The rather exposed nature of this till ridgie has apparently 

subjected it to more vigorous w~ve attaok thSll. the more protected drum­

lins to tl:e east. About a mile and a half north of ~his till ridge there 

is a aimilarly planed off stralld of moraine extending southwest of Valens 

which is outlined by the 900 ft. contour. ~he flattened crest of this 
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Fig. 14: Panoramic view of the wave-flattened till ridge east of Kirkwall looking south. Farmhouse on the 
left horizon is located on top of the till ridge above the limestone plain in the fore ground. Slight drurn­
linoid swells appear at the right. (Contrast this subdued landscape with the well developed drumlins in 
figs. 18, 24 & 25.) 
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Fig. 15: Small morainic strand of till bevelled 
by wave action just southwest of Val.ens. The 
top of this feature is consistently flat through­
out its length. 
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ridge appears to be about 910 tt. - 915 ft. elevation. (see fig. l~) 

The eastera portion of this morainiG strand is higher sin.ce it merges 

with a poorly torm3d dru.mlin south of Va.lens. Here a dist in.ct ahore­

oliff and probable wave-cut terrace have been out into the south face 

of the drumlin. A narrow sand beach ooours at the base of the cliff'. 

To the nortk, just southeast of Valens another high portion of the 

morainic strand stood out as a ama.ll islani in the upper lake and is 

now outlined by a beach bluff and saady materials. 

South of the till ridge at K1rkwall a well formed drumlin in the 

nort:tern part ot the 6th concession &lock has been severely over-steep­

ened along its south face and attests to the erosive strength of wave 

assault in this open area. ~he south faoe of this drumlin is und.oubt­

edly the steepest ahoreeliff in the entire study area. Well developed 

wave cut terraces have been notched into the till as well as into the 

relatively weak Kame depoaita at the ends of the d:ra.m.lin. Little or 

no sand is present along the strandline and across the terraces of this 

drumlin. 

To the south &long the north margin of the 5th oonoession Dloek, 

one mile east of Highway 52 is the southernmost drumlin of tbe West­

over field• . This drumlin, though probably snall to begin with, has 

been further reduced in size iy wave erosion along its south face. 

A distinct wave-out terrace at least 200 ft. wide has 'been forned 

along the s.outh face am extends slightly north around the ends of 

the drumlin. (see fig. 16) 
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Fig. 16: Wave-cut terrace and 
beach bluff on the south face of 
the southernmost drwnlin in the 
Westover field. Terrace is a­
bout 200 ft. wide. 

Fig. 17: Beach gravels found on the north (lee) 
side of the drumlin shown above. Elevation is 
approximately 910 ft. 
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Beach gravels occur on the northwest face ot this drumlin where deposits 

three to tour feet deep were built up along the relatively quiet lee 

shore. (see fig. 17) The elevation of these well bedded gravels is very 

close to 910 ft. or slightly above. 

Tb! Kain Drumlin Field at Weatover. 'rhroughout the main body of the 

drumliD. field all of tm l~ge drumlins have been def1Jl1tely over­

ateepened on their southern. slopes and most show evidence of atra.nd­

lines at the base of the ahoreoliffs by a more or less abrupt ohange in 

slope. '?his stra.ndline zone is generally easily recognized in the 

field, and appears even more distinctly on aerial photographs. In 

only a few places is there evidence of strandline development oa the 

northern, lee, sides of the drumlins. 

Wave-out terraces occur typically at the eDd s of the drumlins 

and espeoially across the steeper snout ends which face east. Along 

the southern line of outermost drumlins, narrow terraces ooour along 

the south faces of tbe drlll:dlina and also at both ends. Where they 

have been out into both till and Kame deposits, these end terraoes 

are generally covered by a thin l&\fer of sand. In the Westover drma­

lin for exam.ple, the end terraces have been out into weak Kame fans 

splayed out around the ends of the drumlin (see fig. 18 ct. figs. 3 & 4i). 

Due east of Westover at the Beverly fcsnline is a small drwnlia 

showing the most' outata.Dling example of a wave terrace in the entire 

drumlin field. A large distinct terrace 150 ft. - 200 tt. wide baa 

been out across the east end of the drumlin and extends as a muoh 

narrower terrace along the aouth face (see fig. 19). 



.F'ig . 15: Oblic.1.ue vie,; of the n0r tr1 siue of t ne 1vestover drumlin showing the wave- cut terraces at either 
end . ~ I30th the barn on t he left and the Westover Baptist Church on the far right have been built on the 
terr aces . Gravel pit left of centre has exposed krune dGposits on the flank of the drumlin . A s imilar 
pit occurs at the west end of the drumlin. (see figs . 3 & 4) 
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Fig. 19 : 'rhe most pro:ninent wave- cut terrace in the Westover drumlin field is seen at the right of this 
photograph . The oblique view does not convey a true impr.ession of the size of this terrace • . Buildings 
and farm lane a re locat ed on the ext ension of this terr~ ce along t he s outh face of the dru'111.in. Locat ­
ion, at the. intersection of t he Westover concession and the Beverly Townline. (Elv 1n . approx . 920 ft . ) 

http:dru'111.in
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Just southwest of this drumlin is another small bevelled oft 

drumlin tonaed on the same mass of till. It appears that these drum­

lins were D.ever distinctly separate from each other as they merge wiih 

the till mass between them. Wave action, however, has reworked and 

modified this low aol of till so that it now resembles a Tombolo 

linking the wave eut terra.ee of the northern dru.mlin with the tlattea­

ed top ot the southern unit. The reason for such a dietinct and strong­

ly developed terrace on the northern dnimlin seems to be the oombi».at­

ion ot two factors. One is the exposed position of the drumlin. at the 

southeast corner of the main group. The second factor has been the 

form of the drumlin. Rather th.an exhibiting the norm.al long, narrow, 

and relatively low tom ot most drumlins. this one is short, wide. and 

high. and as auoh it has been very susceptible to erosion by wave action. 

Immediately north of this well-terraced drwnlia are two other drumlins 

showi:m.g terraces and ahoreoliffs on aoth ends,aud on their aouther:a 

flanks. Farther, north the drumlins become larger and more protected 

with the result that distinct terraces have only been cut into the 

steep eastern ends. The southern exposures exhibit only a slight ter­

race development, (see fig. 20), though quite disti:uat ahorecliffs are 

in evidence. In almost all oases throughout the main drumlin field 

relatively little sand occurs along the shoreline terraces a.ad at the 

strandlines. Nevertteless, there seems to be a slight increase ia 

sand deposits associated with the drumlia beaches in the more protected 

areas to the :north. Recent exoavationa on the south face of the drum­

lin just east of Stra9ane have disclosed gravel beaches cutting across 

a he terogeneoua till at ab out 920 ft. (see figs. 21 &: 22) This is the 

http:oombi�.at
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Fig. 20: Slight wave-out terrace on a small 
drumlin in the north-central part of the West­
over drumlin field. Dark horizontal band lies 
just below the terrace which appears as a grassy 
band just above. 
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Fig. 21: Horizontal beach grave·ls cutting across 
a heterogeneous till rubile at approximately 
920 ft. on the south face of the Strabane drwn­
lin. 

Fig. 22: View showing wider extent of the beach 
gravels seen in Fig. 21. 
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only other gravel beach found beside that looated on the drwnlin south­

west of Westover. (see fig. 17) It is interesting that despite the 

construotiona.l gravel beaches, this drumlin also shows a steep shore­

cliff on the south side and a distinot wave out terrace at its eastera 

end. The reason for this rather unexpected close proximity of erosional 

and constructional features appears to be that deposition of the gravels 

has taken place in a slightly protected recession along the south face 

of the drumlin. 

South of the Strabane drumlin about one mile west of Harper Corners 

there is a anall isolated drumlin which has been completely terraced on 

all sides by the highest level lake. This terrace is quite samy and 

very distinct. (see figs. 23, 24 & 25) Tbe unproteeted position of 

the drumli:a, plus its relative smallness compared to its height have 

combined to make it very susceptible to wave action resulting in a 

strong erosional shoreline. Beach elevation is approx. 920 ft. f 

East ot Harper Corners are two more drumlins in East Flamboro 

which have been terraced quite distinctly as a result of their exposed 

posit ion. Significantly, the terraces onoe again occur on the southern 

exposures and around the ends of the drumlins with the southerlllllOst 

drumlin exhibiting the strongest terracing and shoreclifts. Shoreline 

elevation is olose to 925 ft.f The terraces are quite s&D.dy. especially 

on the north3rn drumlin. 

Raised Beaches on th§ F],a.m)oro Moraine. (Elevation 925 ft.) Por con­

Ten ie noe the writer haa arbitrarily assigned the name "Flamboro moraines" 

to the four moraines laid dosn by the last ice sheet parallel to the 
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Panoramic view of the well marked upper terrace which encircles the s~nall drumlin one mile west 

I 
Ul 
CJl 
I 

Fig. 23:
•of Harper Corners in West Flamboro Township . View is to the north at right angles to the long axis of the 
drumlin. Beach elevation is approximately 920 ft. 
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Fig. 24: Looking west down the long axis of the 
completely terraced drumlin in West Flamboro. 
The clear-out terrace clearly indicates how much 
of the drumlin was eroded away by wave action. 

Fig. 25: Looking north down the short axis of 
the drumlin in figs. 23 & 2~. Photo taken at 
right angles to fig. 24. Well developed terrace 
stands out as a horizontal line. 
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Niagara esearpnsn.t iD. the Plamboro Townships. 

A beach was cut into the highest portion of the most westerly moraine 

near the Wentworth-Halt on County line by tbe upper lake. Thia is one area 

where the contours of the topographic map seem to be in error. A. well de­

Teloped beach bluff a.bout twenty feet high occurs near the county liDe with 

aandy stone free soil at the stra.n.dline and stoney till above.the atran.dline 

on the bluff. (see fig. 26) From the oontoara it appears that the strand­

line oouldn't possibly be higher than 910 ft. - 915 ft, This is inoonsis­

tent with all other evidence indicatiag a shoreline at least above 920 ft. 

in t m area. Aerial photographs seem to indicate stereoscopically that 

tbe 900 tt. and 925 ft, contours are erroneous. The 925 tt. contour espec­

ially, seenLs impossible to reconoile with the relief seen in stereo photos. 

After a close study of both stereo photos and 200 tt. per inch enla-rge­

ments, it is the writer's opinion that the base of the beach bluffs mapped 

is very olose to the true position of the 925 tt. contour. Presuming this 

oonolusion is valid, the location of t~e upper level bluffs on this moraine 

of necessity assigns the age of the ·highest lake to the recession of the 

last ice sheet whioh uncovered and formed the moraine since at any earlier 

period the moraine would not have existed. Lower level .beaches on the 

moraine similarly assign the age of the lowest lake to the second ice 

sheet for the same reason. In addition,the presence of this relatively strong 

beach development on the most westerly Flamboro mor&iDB indicates that 

during the lifetime of the highest level lake the ice front must have 

been standing "at least'' as far east as the seoond most westerly moraine. 

The strength of beach deTelopment in this eastern zone, however, carries 

strong implications that the ice front must have been considerably farther 
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Fig, 26: Upper level beach bluff cut into the 
till of the Flamboro moraine. 
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back from the moraines during the existance of both lakes. ~his matter 

is more fully developed in the subsequent seotione dealing with shoreline 

reconstructions. 

' 
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{PART B) BECONSTRUQTION OF fHE HIGHEST IEVEL I.AKE IN WEN2WOJiTH OOOOY 

INTRODUQUON 

Ia order to ga.ia a clearer insight into the nature and origin of 

the present upper level rai aed beaches in Wen.tworth County, a at tempt 

bas beea made to reoonstruot cartographiaally the probable nature ot 

the lake, its depths, water movenent, and its entire shorelinea ill the 

county. 

In this reoonatruotioa the lcl.own beach features have bee~ used as 

a gu.ide tor drawing the complete ahoreliae 8y interpolatioa across areas 

where little or no ab.oreline evidea.oe exists toda,. Throughout iater­

polated areas due consideration has been given to the nature of the land 

on which the ahorelim must have been imposed, the proba'Dle nature of 

the water movements and wave activity, a.Di the probable elevation at 

which tbe ab.oreline would ooour today. Aerial photographs were used 

extensively in reoonstruoting the anoi~:nt shoreli:oe. Such taotora as 

pres~;llt , dq drainage, soils, re lief, and vegetation, plus direct field 

investigation of lll8.J17 indistinct sho:reline a.reas, have been weighed 

and used in combination with the other considerations listed, in an 

attempt to arrive at a reasonable. oopy of what probably existed aome 

10,000 'or 12,000 yea.rs agp. 

Sinoe the map is essentially self-explanatory only a few comments 

seem pertinent. 

In general the shoreline of the ancient high leYel lake was 

apparently very complex in its nature and outline. Similarly the 

m.ovemaat of water throughout the area must have been equally complex 

since the nature of the bottom. and the drumlin archipelago would have 

http:evidea.oe
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oompliaated current movements and wave refraction considerably. Certai.Jl 

generalizations are apparent, however, and will be briefly mentioned. 

LAKE CONDIT IONS, WAVE ACTION. AND WATER MOVEMl.:NT 

Lalte depths throughout tl:e study area were complex as a result of 

the oomplex relief formed by the many drift features that were inundated 

by the lake. Bottom contours on the accompanying reconstruct ion map 

indicate the generalized depth pattern at twenty-fiTe foot intervals. 

(see map No. 5) Along the central and eastern portions of the ma.in 

shoreline there was a generally wide, shallow offshore zone. This zone 

was widest in the 11ortheast and in the Valens-KirkWall district where 

as far offshore as two miles, lake depths were less than twenty-five 

feet. In the west along the Galt moraine on the other hand, bottom 

depths increased to more thaa twenty-five feet relatively close to the 

shoreline. Most of the islands ill the study area stood out 111 less 

than twenty~five feet of water except along the southerm.ost margins 

of the archipelago where depths increaaed to fifty and seventy-five 

feet immediately offshore. It was throughout these deeper areas of 

minimal bottom friction that wave action was most erosive. In the 

extreme east, the valley of the Bronte Creek formed a deep trough which 

was at least seventy-five feet deep :uear Carlisle and 150 ft. deep at 

the eastern boundary of Wentworth County. ~he Flamioro moraines in. the 

study area were, for the most part, Ullder more than fifty feet of water. 

The strong development of erosional shore features primarily on 

the south a.nd aoutb.east exposurea of most of the islands, to the virtual 

exclusion of any shore features on the northern flanks, indicates tbe 

direction of the most consistent maximum fetch was apparently from the 

http:Certai.Jl
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aouth-aouthwe&t. ~his relationship is moat strongly indicated by the 

shore feat ores of most southerly islands of the archipelago. Here their 

exposed posit ion ha.a led to the develop2nt of wave-cut terraces pre­

dominantly along their south and south-eastern exposures. Terraces cut 

into the south-western end of some of these islands were generally 

fewer and less well developed than their south-eastern counterparts. 

Presuming tba general outline of the la.ke was similar to that usually 

mapped for such lakes as glacial Lake Warren, where the shoreline 

follows the Galt and Paris moraines south to the Simooe area and thence 

west along the southern margin of the "Ontario Island'• ,13 a maximum 

fetch into the study area from the south-southwest as indicated by the 

aforementioned shore features would be consistent with the oTerall 

spatial rela.tionships of the lake. (see map No. 6) 

Ia addition to the maximum fetch from the south-southwest, a 

secondary fetch of large magnitude from the east-southeast is indicated 

by the almost equally strong development of erosional features in the 

easternmost p8.l."ts of the study area. as in the western and oentral por­

tions. The developnent of a terrace completely around the drwnlin one 

mile west of Harper Corners, (see figs. 23, 24, 25) the erosion wave-out 

terr&ces and sb.orecliffa on the two drumlins due east of Harper Corners, 

and the cutting of shore bluffs into the Flamboro moraine still farther 

east all seem to necessitate a strongly efteotive fetch from the east-

southeast. A most important implication arises at this point. In order 

for a strong east-southeasterly fetoh to have prevailed during the 

Chapman, L.J., 	and PutJl&ID., D.F. 

(ibid.) pg. 29, Fig. 2le. 


13 
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exista.nce of the high-level lake, the ioe front ·of ~he Ontario lobe must 

have been in the Ontario basin below the Niagara escarpment at least as 

far east as 790 ~ longitude .14 (see map No. 6) The ice front may have 

been even farther ea.st than this, however, lack of further evidence forces 

this to remain supposition. 

The range of fetch that was effective upon the shoreline in northern 

Wentworth County oan best be described as a sector, bounded on the west by 

wind and wave action from tl:e south-southwest, and on the east by the long 

fetch from the east-southeast • (see map No. 6) At any given time wave 

action would be general.ly from the south, but would shift throughout the 

sector in response to shifting wind conditions. As already mentioned, 

the most consistent fetoh was from the south-southwest. Deriving from 

this most consistent fetch, dominant wave and current action in the study 

area was undoubtedly along a north-north easterly line. During storm 

periods the islaDds undoubtedly received the bru.nt of wave attack, while 

the ma.in shoreline north of the islands was relatively protected, par­

t ioularly in the far northeast. ~he ma.in shoreline west of the islands 

would have received strong wave attacks nainly during times of storm. 

Complex wave refractions over most of the area mu.st have ocoured due to 

tb9 islands. Wave patterns were probably most consistent across the open 

area west of the archipelago. 

1~It is interesting to note that Fairchild indiaated suoh an easterly pos­
ition below the Niagara escarpment for the ice front, beginning with Lalte 
Warren. Most write•• subsequent to Fairohild bave consistently mapped the 
ice front above the Niagara escarpment and indeed often so far west as to 
cover all of northern Wentworth County. 

Fairchild, H.L. 
1909: Glacial ~faters in Central New York State: New York State 

Museum, Museum Bulletin 127, Plate 39. 

http:general.ly
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Drainage along the ice front from the higher land to the northeast 

flowed into t re e:xtre:ae north-eastern arm. of the lake probably beyond the 

atu.dy area. 

TIE IA.IN SHO@LINE 

The ma.i~ shoreline behind the drwnlin aroh~pela.go was apparently 

quite indented with & series of eml:»aynents ge:aerally orientated i:a a 

northwest-southeast dire et ion. Most of the em'bayment s were very 

shallow and ooaured over areas of flat bedrock with little or ao 

oTer-eurdea. As a resalt they were genarally marshy. Along the main. 

sh.orel ine draiu.ge into the lake was from the north au.d west off the 

back of tte Galt moraine. Except in the extreme we st where tbe shore­

line is right against tbe moraine most of these streams flowing into 

the lake were proDably extremely sluggish due to their origin am.oDg 

inter-drumlin swam.pa to tm north of the shoreline. It seems almost 

certain from the n~ture of the l.&n.d immediately north of the shore 

that many of the embay!nents were linked with extensive swamps am 

poorly drained areas back of the shoreline. 

Beach bluffs were the most common shoreline feature where the 

shore abutted against the till deposits in the north. Beaches were 

sandy and narrow except in the most protected areas where they reached 

widths of 75 ft. to 100 ft. In the extreme northeast beaches were 

insigaificaat. Rather,there was a rodt:y bare shoreline since this ia 

a zone of rough bedrock with little overburden. 

TEE PRUV1LIN ARCHIPELAGO 

Throughout the ialands the bottom dropped off steeply from the 

http:draiu.ge
http:aroh~pela.go
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shoreline in most places exoept at the gently sloping tails of the 

drumlins. Shallow sandy terraces mat have been just awash at the 

ends of :man.y of the island a as well as along the south face of t l:e 

most southern islands. Steep ahore cliffs characterized the south­

ern exposures ot tbe islands while gentlsr slopes characterized the 

northern side of many of the isltiulds. Gravel beaches were built up 

along seleoted areas of tbe quieter lee shores to the north. Sand 

was deposited in the quieter areas among the drumlins. It seems 

likely that a small marsh existed in a very shallow central SJ."ea 

among the islands. 

' A number of areas were just awash suoh as around the islands of 

tb9 Kirk:Wall district. It was in suoh areas of sballow water that 

the few constructional features were built. 
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PART C EVENTS SUBSEQ.tENT TO TEE LOWERING OF TEE HIGH IEVEL I.AKE 

As the high level la.ke drain.ed from t be are a a large marsh was 

left isolated in the lowest depression areas oa the limestone plain 

between the central group of drumlins and the main shoreline. 

Drainage to the west was prevented by a low water parting just north­

east of' Kirkwa.11, formed by the pincer-like arrangement of tbe dru.m­

linized till plain one half mile northeast of Kirkwall,and the south­

west end of the morainic strand just to the north of this area. It 

seems probable that the material eroded out of the south face of tbe 

drumlin northeast of Kirkwall (see fig. 13) was deposited Just to the 

north to help build this obstruction to the draiaage of the area. 

We st of this water parting t be area was pro ba.bly fairly well drai11ed 

with only a small area of swamp being left in the extreme northern 

er'1bayments. At the Beverly-West Flamlloro Town.line a slight north­

south bedrock ridge in tie 8th concession block prevented drainage 

of th9 marsh beyond this point to the east. The resultant a.r.ea of 

impeded drainage corresponded to the central and northern area of 

the present Beverly Swamp. 

An indeterminate period of tine , perhaps a few hundred years 

elapsed until the water in the Erie basin once agaia rose high 

enough to enter northern Wentworth County and form the ahorelilles 

of the lower lake. In view of the stronger upwa;rping of the upper 

beaches it seems probable that there was an extensive eastward re­
.-. 


treat of the ioe sheet and some isostatic rebound of the earth's 

orust during this period. (see pg. 31 of the work) 

http:Kirkwa.11
http:drain.ed


OHAPrER 5 

THE LOWER LEVEL SHORELINE 

PART A PRESENT SHORELINE FEATURES (SEE MAp NO. 7) 

INTRODUCTION · 

During a later stage iA the Erie basin a second lake was formed 

at an eleTation high enough to enter northern Wentworth County and 

existed long enough to develop shoreline features throughout the 

area. This time the lake was some thirty-tive to forty-five feet 

lower than t be previous body ot water, resulting in a southerly 

shoreline with only the very sout~rn, and westernmost drumlins 

being isolated as off-ahore islands. In general the shoreline ex­

tended alo11g the line of contact between the areas of drumlinized 

till plain and the flat limestone plain. Thia location along a 

generally flat zone next to shoreoliffs providing beach materials 

led to the deTelopment of more constructional features than were 

formed by the upper lake; however, like its predecessor erosional. 

features were dominant. As i• the oase of the upper shore, the 

lower shoreline was also superimposed on the Galt moraine in the 

west as far north as the junction of highways 52 and 97. From this 

point the lower beaches swung south to form a large circular bay 

reaching as far west as KirkWall. In the 6th concession block the 

shoreline once again swung northeast to the Strabane-Carlisle area. 

Due to post glacial crustal uplift the lower shoreline now rises to 

the northeast from an elevation of slightly below 875 ft. west ot 

Sheftield to an elevation of 880-885 ft. near Ca:rlisle. 
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REGIONAL ANALYSIS 


The beach features will be briefly described on & regiona.1. basis. 

Raised Beaches on the G&lt Moraine (elv'n. 870-875 tt.) 

As in the case of the upper beaches on the U-alt moraine. the 

main features of tbe lower beach are beach bluffs. For the most 

part the lower shoreline exhibits a striking parallelism with the 

upper beaches &ince it trends aroum many of the same drumlins and 

promontories. (see fig. 27) Nevertheless the bluffs of the lower 

lake a.re somewhat more strongly developed than those of the upper 

lake in most places. Tbe reason for this seems to lie partly in 

the faot that the lower shoreline is nearly at the ba.se of the 

moraine where there is a natural break in slope between the moraine 

and lime stone plain. Shoreoliffs sta.nd out olearly where the shore 

abutts against small drumlins at the edge of the moraine. Sand is 

found at the base of nearly all the wave-out bluffs and shoreoliffs 

of the lower lake. indicating a. narrow beach. A very interesting 

oonstruotional feature ooours just across the 8th concession road. 

Here, north of the concession, a small isolated drumlin which was 

probably once an island. has been attacked by wave action and modi­

fied by currents to form a sand spit southwest aoross the oonoession. 

Materials eroded from the drumlin have been transported southwest 

parallel to the shoraoliff and deposited just south of the oonoession 

road to form multiple beach strands. These beach strands show up 

clearly on aerial photographs and display a ourved or hook trend to 

the northeast. (Note aooompa:eying map) The drumlin and the multiple 

spit a.i:e, in turn, linked to the main shore in the northwest forming a 
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Fig. 27: Close proximity of upper and lower level bluffs 
on the Galt moraine. Dotted lines indicate the base of 
the bluffs. Soils in foreground are extremely sandy, and 
are developed on the bottom deposits of a small bay just 
below the lower beach. 
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tombolo-like feature. Whether this is a true tombolo or not seems 

open to question since beach strands connecting it with the mainland 

are not clearly evident. Soils throughout this entire feature are, 

however, very sandy, e spe oially to the west in the direet ion of 

transport. (see fig. 28) Just north of the sand spit the shoreline 

displays several curved strandlines in a same small embayment that 

oontains similar feato.res for the upper level beach. North-ea.st of 

this emba~nt the shoreline continues in a saw-tooth series of points 

and embayments oriented almost due east reflecting the orientation of 

the drumlins. Near highway 97 the shoreline cuts around the same 

drumlins which formed the south arm of upper beach embayment just 

north of highway 97 and west of highway 52. A similar embayment 

existed on a snaller scale during tbe lifetime of tlle lower lake. 

A probable northera shoreline for this bay ap:Pears to be located 

slightly above the 875 foot contour in the fo:tm of a beach Dluff out 

into the base of' the till deposits. A weak bluff seems to extend 

across highway 97 at the base ot the drumlin till Just east of high­

way 52. Beyond this point shoreline features cannot be traced on the 

shallow limestone plain across the Beverly swamp. 

Raised Beaches on the Sheffield Drumlinized Till (elT'n. 870-875 ft.) 

North of Sbeffield, the highest areas of drumlinized till have 

been at ta.eked by wave erosion of the lower lake. Shoreclif:ts appear 

at close to the 875 ft. contour where the soutmrn exposures have 'been 

oversteepenad. A very slight suggestion of terracing is found on the 

eastern ends of the largest drumlins. The most protected north sides 

http:North-ea.st
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Fig . 28: Looking south over the lL~estone plain from the top of the small sand spit north 
of Sheffield built by the lower level lake. Note that the sandy soils of the spit are 
cultivated, whereas the shallow overburden of the lL~estone plain is largely in pasture. 
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of the drumlins shows little or no stran.dline evidence. Just north­

east of Sheffield a very interesting beach feature is found straddling 

the southern end ·of the only curved road in the area. Hare a poorly 

formed drumlin has been greatly modified by wave action and some 

material has been. transported to the north to form a short double spit 

in an area where the presence of till just below the surface of the 

lake facilitated rapid sand spit developm9nt. The horseshoe-like 

feature thus formed ,enclosed a small sandy bay which opened to the 

north. (see fig. 29) The frontal beach of this feature appears to 

be quite sandy below the wave-cut bluff on the south faoe. 

In the far north in concession 8 two probable beaches occur on 

the southwest and southeast corners of a sub rectangular deposit of 

till. 

Throughout the area north of Sheffield maJ:1.1 small areas of 

shallow till deposits were evidently just awash in the low level lake. 

These areas which often fail to show up on the topographic map a.re 

typically sandy, subdued, and gently rounded with no sharp breaks in 

relief. (see fig. 30) Most of these areas are probably just below 

875 ft. in elevation. 

ShoreliD& Features Along Highway 52 (elT'a. 575 ft.) 

Along the limeatone plain north and south of Kirkwal.l only a few 

disoontinuous beaches appear where deeper deposits ot till occur. A 

probable sandy beach occurs just over one half m.ile north of Kirkwal.l 

along the south edge of the BeTerly swamp just west of highway 52. 

Southwest of Kirkwall a very slight beach bluff bas been out 

into the edge of the till surrounding a small drwnlin. A shallow 



-76­

Fig. 29: Looking north from the west arm of the 
..horseshoe" near Sheffield, across the sma.11 
sandy bay enolosed by two spit-like arms of mod­
ified till and sand. East arm of the spit ap­
pears in background. 

Fig. 30: Subdued till ridge modified by the 
waters of the lowest level lake appears as a 
gentle swell above the limestone plain in the 
foreground. Barn occupies the central portion 
of this drumlinoid ridge. 
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stone-tree sandy beaoh occurs a.t the base of the 'bluff whioh is sto:ay 

till. South ot this beach there is no definite shoreline evidence for 

about one mile south across the tlat limestone tableland. The sandy 

margins of a shallow till deposit on the table rook west of highway 52 

in the southern part ot oonoession 7 give only a suggestion of a farm­

er shoreline. East of highway 52 in the northern. part of the 6th oon.­

oession, however, a slight sandy beaoh curves southwest for m&rly oae 

halt mile indicating a former strandline. South of this ridge there 

is a Tery, very slight sandy swell treia.ding southwest of the highwq 

in the form of a low sandy arm presumably built up by wave action. 

Thia feature which follows the 875 ft. contour, shows up distinctly on 

aerial photographs as a light better drained area above the surrounding 

poorly drained limestone plain. 

Shoreline Features thr9ugh the Westoyer Drpml in Field (elv'n. 875-880 tt.) 

At the junction of highway 52 and the 6th conoession road, the 

former shoreline swings east across the aouthern portion of the Westover 

dru.mlia field. The first shore features east ot highwa,. 52 occur on the 

lower s.outmrn slopes of two drumlins which run al.most pa;rallel to the 

oonoesaion. road due east of the highwiq. On both drumlins there is a.n 

indistinct oversteepened basa~ portion foxming a shoreclift. Thia is 

especially true of the more westerly of the two drumlins. At the 'Dase 

ot these shoreoliffs there a.re sandy deposits suggesting a beach very 

close to 875 ft. or Just above. It is difficult to identify posit1Te 

beaohes in these areas; however, since they appear ri1ht at the normal 

break in slope between the drumlins and the surrounding limestone plain. 

The oversteepened south faces of the drumlins and the sandy soils a.re 

the best evidences ot a straudline here. 
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In the central pa.rt of the 6th oonoession block a rather distinct 

bluff outs east-west across the first road east of highwq 52. Thia 

bluff represents the oversteepened south face of a small low drumlinoid 

swell• A narrow strip of sandy soil overlies the limestone plaila at the 

base of this bluff. 

Ou half mile to the nor the a.st ti. ahoreline again appeara as a 

narrow sand beach at the base of a low bluff Just south of a short, 

wide drumlin. From this point the shoreline extends in a more or less 

oontilluous line to the east across the relat1Tely thin till deposits 

Just north of the southern line of drumlins. Across this area moat of 

the shoreline is marked by shallow d1soontinuoua sand deposits at the 

base of a very slight break in slope. 

Just west ot the WestoTer road, the beach gives way to a rocky 

outcrop complex as a slight eso&Tpment breaks through the shallow over­

lDurclen. This area probably stood out as a rugged rooky shore in the 

low leTel lake although there a.re no traces of shore activity existing 

today. East of the · WeatoTer road the shoreline continues as a faint 

san.dy terraoe noto~ed aoross the lower portion of the outwash fan 

north east of Westover. The :fan liJLeations show a distinct truncation. 

by the atrandline when studied on aerial photographs. East of this 

f8J1 the shore! ine continue a as a slight rise across low-lying areas, 

and as a faint bluff near the southern base of two large drwnline just 

west of the BeTerly Townline. At the toW'Aline tbe shore oomea up 

against the southeast end of a large drwnlin and continues north-east 

around the dru.mlin as a sand beaoh at the base of a distinct shoreclitf. 

From there it extends north east in a discontinuous sandy rise for about 
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one h"1,f m.ile. Paralleling this bluff is a large oompoWld sand spit 

and bar which extends :aortheast toward Strabane. This feature is the 

largest oonstru.ctional form found throughout the area. It has the 

appearance of a spit built mainly towards the northeast with a smaller 

extension built in the opposite direct ion to th.e southeast. Strand 

lines and liueations show up clearly on aerial photographs of the area. 

The spit is most strongly developed Just south of Straba.n.e and east of 

the Brock road. Throughout this section soils are extrell8ly samy with 

ao:rie &l"eas being almost pure sand. !fbe spit displays a "hooked" appear­

ance at its northern end. This spit seems to have developed partly as 

a result of modification of a few small drwnlin ridges in situ by waves, 

an.d the reworking of offshore sands f~om the former high level lake. 

The latter appeat.'s to have been the main source of beach .materials for 

the area. 

An exposure of the spit materials at the Brock road reTeals oross 

bedded, medium to coarse, red buff sand. (see fig. 31) Farther north­

east towards the end of the spit the sands become finer and are a mix­

ture of reddish-buff and yellowish materials. 

North of the Strabane spit th_e shoreline nearly e:aoirclea a fairly 

large drumlin as a sal:Ldy beach at the base of shorecliffa. 

Very indistinct and discontinuous bluffs Tisible only on aerial 

photographs suggest there was an emb8iY"ment northwest of the sa.Dd spit. 

East of the Strabane drwnlin the shoreline has been superimposed 

upon a large mass of till whioh has forned a promontory pointing south­

west towards t l:e Straba.ue drumlin. The beaches stand out clearly as 

very sandy flats at the aase of well deTeloped bluffs cut in this till 

mass. The ahorealiffs are Tery steeply deTeloped on the south aide of 

http:Straba.ue
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Fig. 31: Cross-bedded sand on 
the backside {north) of the 
Strabane Sand spit. 

• 


Fig. 32: Low subdued beach bluffs north of the northern arm of the 
Strabane embayment fornBd by relatively quiet water. Buildings occupy 
the top of the well drained bluff. 
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this feature and are close to 30~0. tt. high one halt mile east of No. 6 

highway. Strand lines and a il.ight disoontinuoua terr&oe ooeur at about 

880-885 ft. at the base of the shoreolifta. The northern aide of the 

arm shows a more subdued fol'DL and low beach bluffs are the distinctive 

shoreline feature. (see fig. 32) 

Beyond the eastern. elld of the large till mass the shoreline fades 

out amongst the jumbled kaae deposits around C&rliale due to the erratic 

topography end its protected position from strong wave attack. 

South of Carlisle, well developed sandy wave-cut terraces aJld 

shoreoliffs haTe been cut into the south faces of two large drumlins in 

East Flamboro. Here the shoreline seems to be close to 880 ft. A third 

drumlin just to the north was protected from wave attack by the other 

two and shows no signs of shoreline development. Probable beach bluffs 

do occur, however, on the more exposed east side of the till apron 

surrounding the drumlins. 

To the west, the small drumlia near Harper Corners whioh is complete­

ly encircled by the upper level terrace also shows well deTeloped saady 

terraces out by the lower level lake close to 875-880 ft. (see figs. 33 

& 34) Two miles farther west terraces are also present on the south­

east faoe of the two southernmost drwnlins straddling the Beverly West­

Flamboro TOWDJ.ine. Eapeoially well developed, are the lower terraces on 

the southernmost drumlin. It is noteworthy that this is the same drwnl.in 

whic.h shows sa.oh a well developed upper terrace. {see fig. 19) Beyond 

this drumlin to the west, the Westover drumlin appears to have been OTer­

steepened near its base below the upper level strandline although the 

eTidence is not especially clear-cut. Southwest of Westover a small, 

http:drwnl.in
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Fig. 33: Lower beach strandline occurs as a hor­
izontal terrace on the lower slopes of the drum­
lin one mile west of Harper Corners. (See also 
figs. 23, 2~ & 25.) 

Fig. 34: Oblique view of the drumlin shown in 
figs. 23, 24, 25 & fig. 33 above. Arrow in­
dicate's lower terrace at far right. 
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:aarrow drumlin shows very positiTe evidence of wave action and erosion 

close to 875 ft. where a slight terrace baoked by shoreolitfs has been 

formed on the south face. 

All ot these southernmost drumlins stood out as islands in the 

lower level lake but show no bea.,ch features on the northern sides, 

indicating only alight wave activity between the islands 8lld the mai:a 

shore. 

Raised Bea@es on the Flam.boro Moraine 

At the higher, eastern end of tbe most north-westerly F:Jam.boro 

moraine laid down during the retreat of the last ioe sheet, raised 

beaches occur s·lightly above the 875 ft. oontour in a generally similar 

pattern to the upper beaehea on the moraine. As in the case of the 

upper shoreline, the lower level features are shore bluffs cut into 

stony till and marked by very sandy deposit a at their 'base. (see tig. 

35) Most of the moraine below the bluffs of the lower level lake has 

been planed flat .by W&Te action and stands OUt &S & Tery d istinot flM.t 1 

sandy table. This bevelled moraine lDllst have atood out as a huge shoal 

area just awash in the lower lake. (aee figs. 39 & "O) 

Raised Beaches on the Greensville Moraine (see map inset) 

About five miles south of the study area proplr, raised beaches 

also occur aboTe the Dundas Talley a.t the most southerly end of the 

second most north-westerly moraine. At this point the seoond moraine 

is aotual..ly farther west thaa the first stram which fades out south of 

Millgrove. Only on the highest areas of the moraine at Greensville are 

beaohes developed. As in the ease of beaches on the moraine to the 
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Fig. 35: Dissected beach bluffs of the lower 
level lake on the northwest faoe of the Flamboro 
moraine near the Wentworth-Halton County line. 
(Elv'n. approximately 880 ft.) 

Fig. 36: Well developed beach bluff on the south faoe of the Flamboro 

moraine just W'est of Greensville. 

(Note that in both figs. 35 & 36 the sandy beach soils are being used for 

cultivation while the steep bluffs remain as scrub and pasture. 
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Fig. 37: Flat water-bevelled sand table on the 
Fla:mboro moraine near Greensville appears as a 
flat-topped ridge in the central portion of the 
photo. Post-lake dissection has removed a good 
deal of sand in the foreground to form low swells 
and swales across the road. 

Fig. 38: Dissected beach bluffs facing north 
just southwest of Christies Corners. Northern 
exposure has led to a gentler bluff development 
than the south-facing bluff in fig. 36. 
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north, the d,om.inant features Sl"e wave-out bluffs. It ia. significant 

that the most strongly deTeloped l>lllffs face southward. Their south­

erly posi tio:a far out into the lake was one of great exposure to tbe 

strongest forces of wave activity, henoe the strong develop~nt of 

erosional features (see fig. 36). North of the large bluff at Greene-

ville tbe mora.ine has been planed off at beach level to form a flat 

sandy tablllar area, which was appeently Just •ash in the lalte. 

(see fig. 37 ·} Shoreline eleva.t ions in this area appear to be between 

870 tt. and 875 ft. 

Along the higb9st areas southwest of Chriatiea Corners a few short 

areas ot beach ilufts have been preserved prunarily along the northern 

exposures since post-lake dissection into the nearby Dundas Talley has 

destroyed most of the south faoiDg bluffs in tbe area. The north 

facing bluffs have been relatively well developed by wave activity 

•across the seven miles of open water between these outer islands and 

tbe main shore. Thia deTelopm9nt contrasts sharply with the Tirtual 

absenoe of shore features along the north side of the islands in both 

lakes close to the main shore where the intervening water areas were 

narrow and.relatively calm.. 
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PA.RT B RECONSTBUOTION OF TEE LOWER IEVEL SHORELINE 

Employing the same methods used in reoonstruoting the upper level shore­

line an attempt has been made to reconstruct the nature of the lower lake 

shoreline. In general the shoreline of the lower lake was slightly less 

• 	complex, and not quite as well developed as the upper shoreline due to its 

more southerly position across broad uniform areas ot limestone plain and 

shallow drift. 

1. 	I.AKE CONDITIONS, WAVE ACTION AND WATER MOVEMENT 

Using the relative development and location of shore features as a 

guide, the direction of strongest wave aotio:m. appears to have been similar 

to that in the upper lake. The locatio:m. of wave-cut terraces principally 

on the south faces and east ends of the drumlins strongly suggests the 

line of greatest fetch was from the south or south-southwest. Such a oon­

clus,ion is supported also by the orientation of constructional features to 

the northeast. In addition such a fetoh would be ooJJ.Sistent with the 

almost certain general spatial relationships of tb9 lake. (see map No. 9) 

As in the case of the upper lake the presence of almost equally strong 

shoreline features in the east as in the west, necessitates a fetch of 

la.rge magn.itude from the east-southeast. The very strong wave-out terraces 

on the drumlins just east and west of Harper Corners, plus the development 

of shore-bluffs and a flat water-planed surface on the first :moraine east 

of Carlisle could only have been formed by a long fetch from the east­

aou.th east as well as from the south and southwest. ~hus, as in the case 

of the upper lake, the range of maximum fetoh :can be mapped as a seotor. 

In order for the east-southeast fetch to have existed the ice front must 
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b.a.ve been :Located well to the east, even farther to the east tban its 

position during the existance of the first lake. (see map No. 9, cf. 

map No. 6) This conclusion is supported by a stronger deTelopment of 

eastern features along the lower shoreline than along the upper shore­

.. line. (see map No. 10) Hence the sector ot maximum. fetch was probably 
• 

somewhat larger in the lower lake than ia tle upper lake. (see map No.9 

of. map No. 6) 

In most oases the north shores of the islands were protected from 

the direct assault of large storm waves since these could not develop 

in t .he narrow stretch of water separating them from the main shore of 

the lake. The islands al.so afforded some measure of protection for the 

ma.in shore by absorbing the brunt of strong wave &ttaalc along their 

lakeward sh.ores. Significantly the main shore beaches are weakest behind 

the islands and most strongly developed in those places where there were 

no offshore isl&ld s. such as alC?ng the Galt moraine and aero ss the mouth 

of the Strabane embayment. 

Overall, the net move:nent of materials along the shore was to the 

northeast in response to the prevailing winds and most oonsistant fetoh 

from the south and south-southwest. Most of the beach deposits were 

derived from the offshore sands of tbe .upper level lake 8'1.d tbe wave-

eroded gl.ao ial till and glaoiofluviaJ. materials. '.A:he most clear cut 

of the beaohes thus formed is the large sand spit south of Strabane 

formed as a bay mouth bar across a broad shallow em.bayment. 

In general the shore areas were quite sballo~, being less thau twenty­

five feet deep for wide distanoes offshore f'rom the '8-in shoreline. In the 

central and western parts of the study ar•a. tbe twenty-five foot depth 
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contour lays from one and one half ,to three miles offshore. From the 

Strabane sand spit eastward, however, the Bronte creek trough Drought 

the twenty-five foot contour within one quarter to one ha.lf mile of the 

main shorelioe. The very ea.stermn.ost portion of the Bronte creek trough 

in Wentworth County attained a depth of just over 100 ft. to proTide the 

deepest water in the stwy a.rea. Kost of the offshore iala.Dds stood out 

in less than twenty-five feet of water while the most northwesterly 

Flamboro moraine was just awash over most of its area. The other Flamboro 

mora.ines were under twenty-five to fifty feet of water. 

As in. the case of the upper lake, S].acial meltwaters undoubtedly 

flowed along the ice front into the eastern eDd of the lake from the 

exposed highland areas northeast of Wentworth County. 

2 • THE MAIN SHORELINE 

The main shore of the lower lake in Wentworth County was characterized 

by two d 1st inot major seoti ons, a relatively large complex embayment in the 

west, a.nd a relatively straight shore~ine throughout the central and eastern 

areas. 

a. Tbe We stern Emba.ygnt 

This emba.yment marked the most northerly extent of the lake along t be 

Galt moraine which formed the west shore. The bay extended inland slightly 

over three miles and was some four and one half miles wide,east-west,across 

its mouth. A few small islands occured near the mouth of the embayment, 

while behind them there were a number of larger islands to the north. 

The entire bay was quite shallow, being less than twenty-five feet in 
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depth. Indeed, the extreIIBly shallow northernmost section and the small 

bays of the west shore were so shallow and free from wave attack that 

they filled with marsh. It seems likely that tb9 very marshy northern 

area of t be embayment was connected to a large swampy zone to the east, 

left by the higher lake when it drained from the area s.inoe it would 

have been at about the same level. Along the west shore ot the embay­

ment. promontories were eroded and shore bluffs out into the till. The 

materials that were thus eroded from the shore contributed to the 

forma.tion of a narrow sandy beach generally less than thirty to forty 

feet wide. One except ion was a sandy compound spit at least 200 yards 

wide built southwest into a quiet bay which was protected from waves 

coming in from. the south-southwest. 

In contrast to the west shore, the east shore of the large ember­

ment was almost without relief since the shoreline lay across the fla.t 

liIW3stone plain. Offshore slopes were so gentle that waTes lost most 

their energy to bottom f'riotion before they reached the laad. A few 

small beaoh bluf!s were rorme d where the lake lapped a.gains t the deeper 

•
till deposits, .but over much of the area no significant modification to 

the shoreline ocoured along the flat thinly oovered bedrock. HoweTer, 

a shallow ohannel one quarter to one half mile wide between. a small 

island of t 111 and the main shore was covered by a thin deposit of sand. 

The southernmost port ion of the east shore was formed by a broad but 

very low sandy point nearly a. :mile wide and three quarters of a mile lo:o.g 

built up primarily from the offshore sands of the first lake. Much of 

this flat sandy shelf was probably Just awash during periods of high water. 

Small marshy areas formed in depressions within~and on~the fringes of this 
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sandy point. 

· b. Central and Eastern. Ma.tpshore 

In contrast to the indented western shore, the central and eastern 


part of the main shore in Wentworth County was relatively straight sinoe 


it out across the rather uniformly northeast-southwest southern margin of 


the drumlin field and the northern margin of the Bronte Creek trough. 


The central section of the shore was particularly straight and was 

characterized by only a very slight change a alope at the strandline 

except for a few small areas of shorecliffs and one short section where 

the lake waters lapped against outcropping bedrock. Very little s&.Ild 

was present along this oentr•l shore. 

East of the straight central shore a large san.dspit extended north­

east across the mouth of a sizeable mars.by embayment west of the present 

hamlet of Strabane. As in the case of the western embayment it seems 

likely that this eastern bay merged with the large back swamp left by 

the upper level lake. A large, high arm. of till extended southwest 

aoross the northern. half of the b&y aouth to almost merge with a large 

east-west drumlin whioh stood out as au island at the mouth of the bay. 

Only a narrow channel, about one quarter of a mile wide,sepa.rated the end 

of the sandsp it to the south from the drumlin. The lakewa.rd side of tm 

northern a.rm across the bay was oharaoterized by extremely steep shore­

oliffs at least thirty to forty feet high, footed 9y a narrow sand beach 

about seventy-five feet wide aDd a few small wave cut terraces. The very 

strong erosion along this p~t of tbe main shore resulted from the relative­

ly deep water close to the shore which helped maintain most of the wave 

http:lakewa.rd
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energy for erosive work along the stra.ndline, BD.d a natural concentration 

of wave attaok upon this portion of the shore. As the fetch shifted 

throughout the sector shown on map No. 9, wave at tack would be focused 

a.long this area through either of the channels on either sjde of the 

small island one and one half miles directly offshore. (see map No. 8) 

In contrast to this, the bay side of the northern arm was protected from 

strong wave attack and was characterized by low beach bluffs and broad 

s&lldy beach deposits. (see fig. 31) 

East of the high shoreoliffs the main shoreline was more protected 

and was marked by only a very slight.diseontinuous}bluff cut into the 

Carlisle ka.me deposits and outwash gravels. ·~he outwash gravels provided 

material for a very broad sandy beach. One mile west of the county line 

the shoreline probably swung north to form another fairly large embaym.ent 

lying mostly outside of Wentworth County. 

3. ISLA.NDS OF THE LOJER LA.KE 

In contrast to the situation in the upper lake, only the most south­

erly drumlins and areas of drumlinized till stood out as islands in t he 

lower lake. They were fewer in nwnber than the islands of the upper lake 

and they were distributed more evenly, in a single east-west line. ~he 

outermost islands of the western emba.yrnent were small drumlins in shallow 

water. Typically the south, or la.keward, side of these islands was over­

steepened by waTe action to form shorecliffs while the northern shore of 

the islands was relatively undisturbed by wave erosion. A small pseudo­

sand spit was forned off the northeast end of oue of these islands by 

wave modification of till deposits in situ. The northe·rnmost islands 
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in the western embaynent were typically wide low patches of poorly drum.­

linized till. Muoh of the area a.round aud between these low fiat islands 

was marshy and very sballOll. Their protected position immediately behind 

the outermost islands of the bay allowed only a few distinct beaches to 

develop. 

East of the large western embayment the most southerly drumlins of 

the Westover field formed a protective line one ha.lf mile to one mile 

out in the lake along the central section of the shoreline. The most 

easterly members of this group formed a distinct en echlon pattern 

paralleling the main shore to the northeast. ~ypically the southern and 

eastern exposures were oversteepened by wave assault to form shorecliffs 

while the lee shore on the north was undisturbed and often marsby. It 

is significant that the strongest wave erosion oecured at the east end 

of this group where the water was deepest .immediately offshore. East of 

the central group a three and one half mile gap, broken only by two 

small islands, occured offshore from the Strabane sand spit. Beyond the 

gap a large mass of drumlinized till stood out in the lake one am one 

half .milee offshore. This island protected much of the main shore in the 

northeast from strong wave attack. However, on the island itself, shorecliffs 

and strong wave-eut terraces were formed, especially along the south shore. 

Very little sand was deposited off the shoreoliffs, rather it was la.id 

down in the more proteoted shallow lee a.reas which were probably partly 

covered by marsh. 

-4:. LOWER LAKE SIDRELINES ON THE FUMBORO MORAINE 

As in tb9 oase of the upper level lake beaoh bluffs were cut into the 

J 
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till of the most north-westerly Flamboro moraine. Below the beaeh blu.ffa 

a large area of the moraine was planed flat by wave action and was just 

awa.:ah as a large shoal in the lower lake. So• seven miles offshore a 

few small islands were isolated out in the lake near the present site 

of Greensville where a high point of the second most westerly moraine 

stood aboTe the lake level. Strong erosional features oharaoterized 

the shoreline of these islands. In the same area a small portion of 

the moraine was Just awash similar to t be shoal area to the north. 
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PART Q EVENTS SUBSEQllEN'~ TO TEE BEOESSION OF THE LOWER LAQ 

1. AEOLIAN ACTIVITY 

Immediately following the recession of the lower lake and before 

egetation had established itself over the t2D.covered lake bottom, 

winds transported sou1e of the finer lake sedinents and deposited them 

as dunes in both offshore and onshore localities. At least two suoh 

wind blown deposits are known and the existanoe of others seems likely. 

One of the de·pos its found during the aourse of field work is a small 

dune on a former small island whioh was just offshore from the north 

arm of the Strabane embayment. The bright yellow loess of the dune 

stands out in sharp contrast to coarser red-buff beach sands nearby. 

The seoond area of known. aeolian. deposits ooours j11st south of the 

broad sandy point whioh formed the eastern a.rm of tbe large embaymant 

ot the lower lake in western Wentworth County. Here a wide oresoentrio 

depression at the :toot o:t a small escarpment on the limestone plain has 

been infilled with very fine yellow loess similar to that found in the 

dune off the Strabane emb~nt. 

2. ALLUVIAL ACTIVITY 

Aa the lower lake drained from Wentworth County large areas of marsh 

in the Western and Strabane emba.ynents were left is.olated in depressionaJ. 

zones behind the former islands and baymouth arms. ~hese poorly drained 

areas ooal.esoed with the central swamp left by the reoession of the upper 

lake to forlll a large east-west tract of impeded drainage. The pre sent 

day Beverly swamp is the anteoedant )of this poorly drained zone and is 
....--­
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in effect a relic of the two gla.oiaJ. lakes which once covered the area. 

As the lake continued to recede, regional drainage began to estab­

lish itself in its present form. The almost imperceptible water part­

ing in t he Beverly swamp north of Kirkwall divided drainage between the 

Erie and Ontario basins. At the present time the Fairchild creek and 

its tributaries drain the western area into the Erie basin via the 

Grand River. The eastern part of the swamp is drained by Spencer Creek 

and the Bronte Creek into the Ontario basin. 

SC1ENCE ·& £NGlNEERING LIBRARY 



CHAPTER 6 

RELATIONSHIP OF THE SHORELINES TO 
SOIL DEVELOPMENT, EROSION, DRAINAGE, 

AND VEGETATION 

The raised shoreline features of both lakes have bad important, 

if localized, direct effects upon soils, erosion, drainage, and 

vegetation, in northern Wentworth county. Since these effects have, 

in turn, inf'luenoed the land use and settlement pattern in the study 

area a brief consideration of their relationships to the shorelines 

will be considered. 

SOIL DEVELOPhENT IN THE RAISED SHORELINE AREAS 

One notable influence of the shorelines upon the soils is 

seen in the areas of sandy materials which have been 1 aid down 

along the beaches. Here light textured sandy soils have developed. 

In some places along the Strabane sandspit, tre sand content is so 

high, that soils are more accurately described as pure sand rather 

than sandy loams. Sandy loams are, however, found on most of the 

beaches and offshore sand deposits. These soils stand out in 

distinct contrast to the heavier soils developed on the till 

materials around them. The soils map of Wentworth Countyl5indioates 

the presence of sandy loams on the largest areas of sandy shore 

deposits, but presumably for reasons of scale, the narrower sand 

15compiled by the Ontario Soils Survey. O.A.O •• Guelph, who kiDdly 
allowed the author access to this most recent, and as yet, unpub­
lished material. 
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deposits tbrougbout most of the area have not been differentiated 

from the surrounding till loams. 

Due to the difficulties in delineating and mapping beach 

sands as distinct from offshore, outwash, am deltaio sands, 

especially in East Flamboro Town.ship, no attempt has bee~ ma.de 

in this thesis to map the soils developed from the sandy shoreline 

deposits. The distribution of these sandy soils follows very 

closely t~ distribution of sandy materials discussed earlier in 

the description of the upper and lower lake shorelines. 

In addition to sandy soils the shorelines have had two other 

influences on the develop~nt of soils throughout northern Went­

worth County. In a few places along the shorelines dark loamy 

soils rich in organic matter have developed over areas formerly 

covered by marshes of the two lakes. These areas are quantatively 

small, however, since many of the shoreline marshes were sandy. 

Of far greater importance has been the development of muck and organic 

soils rich in peat, over most of the areas still left in swamp by 

the recession of the two glacial lakes. The organic muck a.Di peat 

of the Beverly swamp comprises the largest area of such soils formed 

under these conditions. The inclus ion of these soils is justified 

by tJ:eir close genetic and geographic relationship to the shorelines. 

EROSION ALONG THE SHORELINES 

The most apparent evidences of erosion a.re of course the shore­

line features themselves. As bas already been stated the dominant 

shore features are erosional forms snch as wave-cut bluffs, steep 
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shorecliffs, and wave-out terraces. Since they are the end products 

of wave erosion it is not unexpected that these features, themselves, 

have had an important effect on promoting continued sub-aerial 

erosion following the recession of the glacial lakes from the area. 

In view of the fact that a detailed quantitative study of post­

glacial erosion along the shorelines is not within the scope of 

this thesis only qualitative generalizations can be ma.de. Neverthe­

less such generalizations point up sGme very important relationships. 

The most severe soil erosion in norttern Wentworth County can 

be directly related to the areas of beach bluffs ani the soIISwhat 

steeper shorecliffs. Along almost all the bluffs at least moderate 

to severe sheet erosion has occurred. On the steeper bluffs such 

as those cut into the Galt and Jllamboro moraines, moderate to severe 

sheet erosion has occurred an:1, in some cases, severe gullying has 

developed resulting in a strong dissection of the bluffs. (see 

f' igs. 9 and 35) 

More serious than erosion along the beach bluffs, however, has 

been the erosion of soil from many of the steeper shoreoliffs 

throughout the drumlin field. As previously noted strong wave aotion 

from the south oversteepened the southern exposures of the drumlins 

which stood out as islands in the lakes with the result that 

many of the drumlins now exhibit a curious asymetrical oro ss­

prof ile. To-day these south-facing shoreoliff's are the steepest 

slopes in northern Wentworth County. As such, they have been 

very susceptible to continued soil erosion since the clearing of 
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their natural forest cover in the mid 19th century to provide 

land for the growing or whea.t and other grain crops. As a result 

of these factors, sheetwash has been very severe on almost all 

the shore cliff's, especially among the southernmost drumlins. In 

the case of the Westover drumlin, which has a sharp knife-like 

orest due to the wearing back of the shorecliff, the steep south 

slope has been so severely eroded by sreetwash that little or no 

soil remains over most of the bare, extremely stoney till. Indeed, 

the erosion has been so strong that gullies are beginning to 

develop along most of the slope. In contrast, tte north face of 

the drumlin has a longer, more gentle, slope which bas suffered 

relatively little erosion compared to the south-faoing shorecliff. 

(see fig. 18) This pattern of erosion is representative of nearly 

all the larger southern drumlins in the Westover field as well as 

those beyond the central group which were quite exposed to wave 

activity. In summary it can be said that the severity of soil 

erosion is generally proportionate to the wave-cut steepness of 

the shoreoliffs and thus tends to decrease northward, among the 

more protected drumlins. 

IN14I.UENCE OF THE SHORELINES UPON DRAINAGE 

The most important effect the shore zones have had upon the 

regional drainage bas been the creation of the Beverly swamp dis­

cussed earlier. ~he creation of this swamp as a relic of the 

former lakes has profoundly affected the regional drainage since 

it acts as a natural water storage area for the Fairchild, Spencer, 
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and Bronte creeks. At present the swamp plays an important equallizing 

role in retarding maximum stream flows and thus reducing the danger 

of downstream floods. In addition the swamp also contributes to 

continued stream flow throughout the watersheds in periods of drought. 

'JJhe present area of the swap is approximately 1400 aores which is 

undoubtedly much snaller than the original zone of impeded drainage 

left by the glacial lakes. :,.che shallow western fringes in particular 

appear to have been drained considerably since the land was first 

settled in the early 19th century. In most oases only shallow sandy 

soils have been uncovered by this drainage of these western fringes. 

INFLUENCES UPON VEGErATION 

The only outstanding influence of the shoreline areas upon 

vegetation has been the indirect creation of a dominantly hardwood 

swamp forest which has been maintained in the Beverly swamp. The 

major association is comprised of white elm as the dominant member, 

silver maple, aspin, and white cedar. No.pure stands exist and 

in many places other species such as black ash, basswood and tam­

arach are pre sent as secondary associations. 



CHAPTER 7 

PHYSICAL SUMMARY OF !HE SHORELINES 

P!RT A SIMILA.RITD!iS & DIFFERENCES BETWEEN THE U.PPER & LOWER SHORELINES 

Upon analyzing the nature of the two shorelines in Wentworth County 

a number of marked similarities sad distinct differences have been ap­

parent. These differences and similarities have been primarily a tu.not­

ion of the various landfonns on whieh the beaohes have been superimposed, 

rather than the result of any dyaamioa.1. differences between the lakes 

which formed the shorelines. A brief awwna.ry of the similarities and 

differences is given below. 

SIMILARITIES BETWEEN TijE UPPER & LOWER LEVEL SliORELIHES 

A. General Nature of the Shorelines 

In both oases it may be said that the shorelines are very immature 

and ooraplex as the result of two relatively short-lived ima.tlll.dat ions of 

a very complex glacial topogr-aphy. The two glacial lakes existed long 

enough to le&Te distinct shoreline features throughout north9rn Wentworth 

County but not long enough to develop a mature shoreline by the wearing 

baok of headland a etc., to give a rela.tively straight outline. 

B. Elevation and Attitudes 

Both tm beaohes have been upwarped to the northeast by isostatic 

rebound or the earth's crust. 

c. Strength of the Shorelines across Wentworth County 

Both the upper and lower shorelines show almost as strong a develop­

ment in the eastern parts or Wentworth Collilty as in the most western areas 

http:awwna.ry
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of the county. 

D. Loeation of the Shorelines 

Both beaches follow an almost identioal pattern along the Galt 

moraine in the western pa.t"t of Wentworth County. ·Similarly, both 

beaobe s have been super imposed upon the fir st moraine east of Carlisle 

near the. Wentworth-Halton County line. Both shorelines appear on 

druml.ias of' tie WeatoTer drumlin field and both seem to extend north­

east in.to Halton County north of the Bronte Creek, although in both 

cases beach development is weak in the far northeast of the study 

area., 

E. Shoreline Features 

The dominant features of both shorelines are erosional. forms 

which are best deTeloped along aout~rn and south-eastern exposures. 

Maximum development of erosional features for both shorelines is 

&long lakeside of the southern islands. Along both shorelines 

relatively few constructional features were built. ~hose forms which 

do exist are largely the result of water modification of till and ks.me 

deposits. Both shorelines are chs.raoterized by beach bluffs, shore­

ol iffs, wave-out terraces, sand beaches which aa-e generally narrow, 

shoal areas which were Just awash in the lakes, isl.a.ll.ds formed by 

the partial submergence of drumlins and other till deposits, tombolo­

like features between. islanda, sand spits, marshy embayments along the 

main shores and around the islands, and indistinct 'beaches in the far 

northeast. Tbe :marshy embayments of both shorelines were connected 

to la.t"ge areas of poorly drained backawam.p behind the shorelines. In 

http:isl.a.ll.ds
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general~ on both shorelines the beach bluffs occur a.long the ·main.shore 

and on the moraines, while the steeper shorecliffa and wave-out terraces 

a-re related principally to the dramlin islands. 

F. 	Lake Conditions 

In both lakes the maximum fetch and wave attaok was distributed 

over a sector from the south-southwest and the east-southeast, with 

the most consistent wave activity coming from .the south-southwest side 

ot this sector. In both lakes the ~ominant wave action was strongly 

erosive along the south, and southeast exposures of the ahorelines, 

especially where the lakes were deep immediately offshore. Longshore 

transport of materials resulting mainly from the dominant fetch and 

' wave 	direotion,was to the northeast.and built oonstructional forms 

in this direction in both lakes. In both lakes complex wave re­

fractions oocured among the islands. Drainage into both lakes was 

by small streams flowing south and southeast off the Galt moraine, 

and by a large ohannel of meltwater flowing into the lakes from the 

northeast parallel to the ioe front. 

G. Effects of the Shorelines 

Tb& shore features of both lakes have been instru.m.ental in the 

development of sandy soils, dark organic-rich loamy soils in small 

localized patohes,and large areas of organie peat and muck soils. 

The erosional features of both shorelines have been oonduoive to 

the development and maintenance of sub-aerial erosion on steep shore-

cliffs and beach bluffs. Both shoreline areas left la.rge swampy areas 

on the landscape as the lakes drained and in so doing, indirectly led 

to the creation of tb9 Beverly swamp and its present swamp Tegetation. 



-108­

DIFFERENCES BETWEEN TIE UPPER AND LOWER SHOBELINES 

A. Elevation 8.lld Attitude 

Although both shorelines a.re upwarped along a similar line to 

the northeast the high level water plane has been most strongly 

tilted and displays an average rise of approx. 1.25 ft./mile. ~he 

less strongly warped younger water plane in contrast bas an aTerage 

rise of approximately .75 ft./mile. In western Wentworth County 

the upper shoreline elevation is approx. 905 ft. while the lower 

shoreline is approx. 870 ft. In eastern Wentworth t:be upper shore 

is located near 925 ft.f while the lower shore is around 880 ft. 

B. Location of the Shorelines 

Although in oertaia sections the two shorelines have a similar 

location, the upper shore is generally muoh farther north than the 

lower shoreline. The ma.in shore of the highest lake extends north 

beyond m.ost of the Westover drumlin. field, while the lower lake 

shoreline extends through the southern margin of the field. Corres­

pondingly the upper lake had many drumlin islands offshore, while 

the lower lake had only a few islands offshore. In contra.st to eaoh 

other the archipelago of the upper lake was located mostly in the 

central part of northern Wentworth County while the islands of the 

lower lalce were more evenly distributed in au east-west direction 

parallel to the ahore. Olll.y in the lo\\ler lake where there islands 

far out in the lake in the Greensville a.rea. 

o. 	Relative Strength of ShoreJine Developgnt 

Where they occur on the same landforms both shorelines are 

http:contra.st
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equally well de-ntloped. In the general overall picture, however, the 

upper shoreline is by far the most strongly developed. ~be reason for 

this difference lies in the fact that the u.pper ahorelill8 came into 

contact with more till deposits than the lower leTel shoreline whioh, 

a.long muoh of' its length in Wentworth County, lay near the zone of 

oontaot between the till deposits and the limestone plain. Large 

areas of the lower shoreline were superimposed upon the thin OTer­

burden of the limestone plain and were unable to develop &Dy promin­

ent shore features as a result. In addition to this, the island 

shorelines of the upper lake were• in most cases, more strongly eroded 

because of the ge:narally deep water immediately offshore as compared 

to the sh&llower offshore zone around most of the lower lake islands. 

D. Features of the Upper le Lower Shorelines 

Despite the fact that both shorelines display similar features, 

whi oh are dominantly erosional forms , the re1 at i ve number ot such 

features V&!' ies considerably be\nen the two beaches. ~he reasons 

for this vai-ia.noe are the different elevations and locations of the 

two shorelines, i.e. the patterns of superimposition. 

As a result of the greater number of islands in the upper lake, 

the upper shoreline shows a correspondingly greater number of shore­

oliffs and wave-out terraces. In addition to this fact, gravel beaches, 

which were found only in two areas, 'both ocour along the upper shoreline. 

In contrast, the lower shoreline is characterized by the development of 

larger and slightly more numerous constructional farms suoh as sand 

spits and bars. Another differen.ce is in the relative extent of shoals 

http:differen.ce
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which oooured in the two lakes throughout northern Wentworth County. 

In the upper lake only a few small areas in the west central section 

and the wave-cut terraces were just awash, while ia the lower lake 

the large shoal of the Flam.boro moraine ocoupied a ·aonsiderably 

larger area. Another major difference occurs between the outline 

of the main shore of the two lakes. Due to the presence of nWJ.18rous 

inter-drumlin hollows along its main shore, the upper lake was 

characterized by many small ll18.t'shy ~mbayments. On the other h&Dd 

the shoreline of the lower lake formed fewer,but oo~siderably larger 

and more oomplex,marshy embay:nents over broad areas of limestone plain 

and kame deposits. 

E. Lake Conditions 

The only :major difference between the lake conditions under which 

the two shorelines were formed was the relatively deeper water immed­

iately offshore from the many islands in the upper lake (50-75 ft. ia 

most oases} compared to the much slallower offshore zone a.roWld the 

lower lake islands (generally less than 25 ft.}. As already noted, 

this difference in depth affected the distribution of wave energy and was 

partially responsible for the stronger wave erosion of the upper level 

islands compared to that in the lower level group. 

F. Effects of the Shorelines 

The only apparent difference between the subsequent effects of 

the shorelines upon the physical geography of northern Wentworth 

County has been the relatively greater effect of the upper shore features 

in promoting sub-aerial erosion. Tbe steep shoreoliffs of the upper 



-111­

beach have created far more serious erosional problems thaa have the 

features of the lower shoreline 

PART B SHORELINE REGIONS & ASSOCIATED OFFSHORE ZONES 

As a oonolusion to the physical analysis of the raised shorelioes 

in Wentworth County four shoreline regions and two associated offshore 

zones have been delineated. The basis of regionaJ.ization has been the 

homogeneity and similarity of physical oharacteris t ica of the shore­

lines in certain areas. The regions thus determined are not necessar­

ily restricted to only one shoreline, but rather they include both 

shorelines in certain instances. Although the offshore zones are not 

teohnioal.ly part of the shoreline regions they have been included be­

cause of their intimate association with the anoient shorelines of 

northern Wentworth Oounty. These regions and zones are as follows: 

SHORELINE REGIONS 

A. The Iv1ora.ina &: Till Plain Shore (Beach Bluff Regions} 

This region is typically one of the narrow sand beaohes and beaoh 

bluffs out into fairly deep till deposits comprised ohiefly of moraine 

and dru.mlinized till plain. Within the region,a few localized areas 

of wide sand beaah occur. The type area for this region is to be seen 

along the east flank of the Galt moraine and includes both the upper 

and lower beaches. In addition, t he region also includes the ma.in 

shore of the Qpper lake north of highw8'Y 97 as far east as the Beverly­

West Flamboro Townl1ne, and the upper &n.d lower leTel beaches on the 

Flamboro moraine in East Flamboro Township. 

http:teohnioal.ly
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B. Central and Western weak Shore (On shallow Overburden) 

This region includes the generally poorly developed lower shore­

line on the limestone plain east of highway 52 and along the zone of 

oontaot between the till deposits and the limestone plain across the 

southern portion of the Westover drwnlin field as fa:r east as the 

Strabane embaymnt. In the east, only the southern sand spit of 

Strabane emba.yment is included in this region. Typically the beaches 

throughout this region are poorly developed sand ridges in the west 

and very slight wave-cut blu.fts and ridges in the oentral area. 'rhe 

Strabane a.and spit is t:te largest and most distinot constructional 

feature of the region. 

o. 	The Isl.and Sh9rel1nes 

This grouping ia the most distinct shoreline region in the study 
. 

area~ It inoludes all the isl~~
' 

· .lhorelines of both lakes and is 

typically characterized by a strong erosional. shore on the southern 

exposures with wave-cut terraoes and steep shoreollffs being the most 

prevalent features. ~he north arm of the Strabane embayment has beea 

included it>. this region because of its similar oha.raoter to the island 

shorelines. ~hroughout this region the northern shoreline of the is­

lands is in most oases very ind istinot. A few island areas, such as 

the northern group in the western embay~nt of the lower lake show 

few,or no,shore features at all. 

D. The Northeast Shgre 

The unifying oharacteristio of this region is the insignificant 

beaoh development throughout the area. Beaohe s a.re typioally poorly 
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developed and very disoontinuoua aoross the complex topography of kame 

deposits and the rugged thinly covered bedrook of the north-eastern. 

portion of the study are&. Included in this region is the main shore 

of the upper level lake east of the Beverly-West Flamboro Townline, 

the inner shore of the Strabane em.bayment and the main shore of the 

lower lake east of the north arm of the Strabane em.baym9nt. 

ASS>QIATED OFFSHORE ZONES 

A. The Zone of Shallow Water Embayment a 

This zone, which is closely associated with the main shoreline 

regions i ncludes all the small embayments of the upper lake main 

shore, plus the two large major emba.ynents of the lower shoreline 

and the few smaller em.bayments of the lower lake. Typically these 

em.bayment s were marshy, and for this. reason the few marshy areas 

assooiated with parts of the island shore region are included in 

this zone. 

B. The Offshore Shoa.ls 

Because of the 1r olo se association with beaoh development in 

both lakes, areas that were just awash have been groa.ped as offshore 

shoals. Included in this group a.re the small till plain and morainie 

shoals of' the upper lake a.roWld KirkWal.l, the Valens apit of the upper 

lake, and the large Flam\oro moraine shoala of the lower lake • 
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CHAPTER 8 

LAND USE IN NORTHERN W ENTWOR~H COUNTY 

Im!RODUCTI ON 

Since it is essentially an expression of the interplay of forces 

including the physical on the one hand, and cultural., historic, 

and economic elenents on the other band, land use provides an ex­

cellent common denominator for a geographic analysis. It is, in 

effect, the ueeting ground of physical and cultural geography. 

In any given area, any one of the multitude of contributing forces 

may be the dominant element in determining land use. Conversely no 

one element need be dominant above the rest. Virtually any com­

bination of forces both in ma@litude and number may be involved in 

determining land use. It is not within the scope of this thesis, 

however, to analyze in detail the total interplay of forces which 

has resulted in the present land use pattern throughout northern 

Wentworth County. Rather, it is the purpose of this thesis to 

investigate what effect, if any, the presence of the fonner shore­

lines has had upon land utilization throughout the study area. 

Since a complete isolation of this factor would be highly unreal­

istic, the overall land use pattern arrl its broad, physical, and 

cultural. controlling factors will be briefly considered first in 

order to provide a meaningful franewark for the more specifio 

question of shoreline effects. 

GENERAL LAND USE PATTERN 

Throughout the limestone plain most of the land is used for 
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pasture and the growing of hay and some grains. Large tracts of 

rough unimproved pasture occur over much of the l&nd in tm 

Sheffield area. Along the Galt moraine and throughout the drumlin 

field the land use is divided almost equally between pasture and 

the pro duet ion of hay, am grain crops inoluding corn. A few 

snall, scattered parcels of land in these areas are used for the 

produotion of row crops such as turnips, beets and cabbage. Through­

out most of nortmrn Ea.st Flamboro and West Flamboro to..wnships 

large areas of land are devoted to grain production and market 

gardenhg with the latter being espeoially prevelant on the Fla.m­

boro moraines. On the other hand in the extreme nortl:Ern part of 

East Fla:.nboro most of the land is devoted to hay and pasture. 

Much of the central part of the study area is covered by the Beverly 

swamp and other smller swa.rnp areas. 

Physical Controls 

The most important oontrol of agricultural land use throughout 

the study area is the depth of drift. Cultivation is primarily on 

the oaloareous soils developed on the deeper till depos,its of the 

drumlins, the sms.11 patches of associated till plain, and the 

moraines and the deeper areas of outwash gravels and sands. In 

contrast with these better drained areas of relatively deep drift, 

the swamp and the limestone plains are not adaptable to cultiTation 

1and are generally left in woods or used for pasture and hay. .Che 

shallow soils of the linestone plain are often too wet in the spring 
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and dry out too rap idly in the summer to allow oult i vat ion. 

Exoept for a few minor instances where the road pattern has 

been either interrupted by swamp or where roads are forced to 

curve around a few topographic obstructions such as tbs tail of 

the Westover drumlin tis physical landscape has had essentially 

no retarding effects upon the development of transportation or the 

location of Tillages and hamlets throughout the area. 

Cultural and Economic Controls 

The most important cultural-economic control of agricultural 

land use throughout the area is the proxi1nity of large urban mar­

kets for agricultural products. Metropolitan Hamilton just ten 

miles south of the study area provides a market for high value 

market-garden crops which may be grown on the 1 ight sandy soils, 

and dairy products which are produced throughout most of the area. 

The urban centres of Galt, Oakville, and ~tropolitan Toronto also 

provide secondary markets for milk and other dairy products. ihe 

short haul market-garden orops are sold almost entirely in the 

Hamil ton area. 

RELATIONSHIP OF 'l'HE SHORELINES TO LAND USE 

General Considerations 

Although the forner shorelines represent only one group of 

elements of the physical geography of Wentworth County, beoause 

they exert an influence on soils. erosion, drainage and vegetation, 

they have had a sonewhat wider effect upon land use in certain areas 
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than would otherwise be expected. Nevertheless. despite the :numerous 

shore features mapped (see map No.10) the general narrowness of 

the shoreline regions in the study area means that quantitatively 

the use of only a very small percentage of the tot al land in north­

ern Wentworth County has been affected. Because the two offshore 

zones delineated in Chapter 7 are intimately associated with the 

shoreline area their effect upon land use will also be considered. 

A muoh larger area of land use is oontained in these offshore zones 

than in the shoreline regions. 

The most important effects of the shorelines have been upon 

agricultural land use; hence this topic will be the major consideration 

of this ohapter. The aooompanying map of agricultural land use 

was compiled from field observations and the study of aerial photo­

graphs ta.ken in the late Spring of 1960. Despite t~ fact that 

the land use ha~ been mapped on a field by field basis (with 

boundaries being eliminated between adjacent fields of similar land 

use) the n.:irrowne ss of the shoreline regions makes it impossible 

to show detailed land use changes along these areas. These changes 

will, however, be discussed in the subsequent sections. In addition 

to agricultural land use a few other types of land use related to 

the shore features will al.so be considered. 

Agricultural Land Use 

Influence of the Shoreline on the Moraines and Till Plain. ~he most 

apparent influence of the shorelines upon land use in the morainic 
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and till plain areas has been the affects of the beach bluffs. 

Along the Galt moraine, the Flamboro moraine and the drumlinized 

till plain north of highw:w 97, the steeper bluffs are typically 

left in pasture, bay, or scrubland while the land immediately aboYe 

or below the bluffs is often cultivated. (see figs. 35 and 36) 

The reason for this is twofold; first, the steepest bluffs are often 

too d iff ioult to cultivate and secondly, they become susceptible to 

severe erosion when they are cultivated. Where bluffs, that have 

been left in scrub or hay, out across an. otherwise cult iva.ted land­

scape they often form natural field boundaries separating areas of 

different crops. The strongest bluff development is generally on 

the most exposed south-facing slopes of the aoraines and till plain 

and it is along these areas that the influence of the bluffs on 

land use has been greatest. In most cases the weaker bluffs devel­

oped in the more protected areas have not hindered cultivation 

except to require contour ploughing. 

In addition to the influence of the bluffs, the beaob materials 

of the moraillic shore line region have also had a minor influen.oe 

upon the oha.-raoter of land tlse throughout t m area. In general 

the sand beaches of the Galt moraine and on the drumlini zed till 

plain north of highway 97 are quite narrow; however, where they do 

widen out to cover an appreciable area such as a.round the lower 

level sand spit north of Sheffield and the upper level sand spit 

at Vale ns , the light sandy soils are used ohie fly for row crops · arxl 

market garden crops such as cabbages, turnips, field tomatoes, etc. 

http:influen.oe
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Almost all the snall pockets of row and market garden orops north 

of highway 97 are assooiated with the beaoh sands. In contrast 

with these areas of row crops most of the till soils are used for 

tie production of hay and grains or for pasture. On the Flamboro 

moraine on the other hand, the general sa:ody nature of soil has 

tended to obscure any effects of t m beach sands along the inumdiate 

beach area below the bluffs. 

Influenoe of the Central and Western Weak Shore. Throughout most 

ot this region the shorelines have had almost no effects upon 

agriculture. ~he explanation of this lies in the fact that through­

out most of this region the overburden is extremely sba.llow. As 

a result beach development has been generally weak and the overall 

influence of the limestone plain has been the dominant control of 

land use. The only appreciable effect the bea.ohe s of this region 

have had on land use has been in association with the ' Strabane sand­

spit. Along much of the sandspit the relatively deep, well drained, 

light sandy soils have provided an excellent base for the production 

of row crops and market garden crops such as potatoes, cabbages, 

turnips, and asparagus. These crops are almost entirely localized 

along the sandspit beyond which hay, pasture, sorubland and grain 

production form the dominant agricultural land use. 

Influence of the Island Shorelines on Land Use. Of all the actual 

shoreline areas, the shorelines of the island regions have had the 

greatest effects upon agricultural land use. These effects have beem 
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primarily of an ind ire ct nature deriving from the strong wave 

erosion of the south faces of the islands. ~he most i mportant 

effect has been along the zones of shorecliffs. Throughout these 

areas the erosion of soil from the oversteepened slopes has resulted 

in considerable deterioration of land along the south face of many 

of the druznlins . This deterioration was accelerated as the result 

of the ind iscriminant clearing of the natur~ fore st cover from 

these slopes in the mid 19th century and their subsequent use for 

cultivation in the early days of se t tlement. For example the 

severe erosion of soil from the south face of the Westover drumlin 

has rendered much of this slope agriculturally useless. Even as 

pasturage this land is of extremely poor quality, hence much of it 

has been left in idle sorub. In contrast, most of the gentler 

sloping north face which was unaffected by wave erosion provides 

fairly good pasturage (see fig. 18). A consistent pattern of 

different land use between the north and south slopes of the drum­

lins occurs throughout the Westover drumlin field wherever the 

south slopes have been oversteepened by wave action and subsequently 

eroded. Nearly all the steep southern shorecliffs are in hay, 

scrub, or very poor pasture (see fig. 16) whereas the less steep 

northern slopes a.re generally used for hay, sone pasture, and grain 

production . Only a few exceptions occur where the ahoreoliff 

on some of the southern drumlins is relatively lower• and less 

steep, than most of those along the outer ring. The two best 

examples of this ooour on the s nall drumlin just west of 
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Harper Corners (see figs. 23, 24 and 25) and the strongly terraced 

drumlin just north of the Westover road at the Beverly-West Flamboro 

Townline. (see fig. 19) On the otb9r han.d oontinued cultivation 

of the south slopes has been possible among the most northerly 

drwnlins of the main Westover field where wave assault was relatively 

weak. (see figs. 13 and 20) 

In general the extreme shallowness or complete absence of 

sand deposits over most of the wave-cut terraces has left these 

areas edaphically similar to the gentler slopes with the result 

that the agricultural land use is also s iruilar. The danger of 

soil erosion over most of the broader terraces is much less than 

on any of the slope areas, however. One exception where agricultural 

land use on a terrace is distinctly different from that on the 

slope above once again occurs on the very exposed and completely 

terraced drumlin Just west of Harper Corners. Here the terraces 

are wide enough to retain a covering of sand and provide excellent 

sites for the production of row crops such as turnips and cabbages, 

whereas the slopes above have been used for pasture, hay, and corn. 

South of the main group of islands forrned by the drumlins, 

the shoreli~s developed on the small islands at the south and of 

the Greensville moraine have also had an effect upon land use, 

Along the shoreline of the largest island the steep south facing 

beach bluff is suitable only as pasture and scru.bla.o.d, whereas 

the SWildy beach at the base of the bluff bas been utilized for the 

cultivation of row crops and grains. (see fig. 36) The southern 



-124­

beach bluffs of the island shore lines near Chris ties Corners have 

been dissected by recent drainage and are thus either left in 

sorubland or pasture, or used for small areas of silage corn. On 

the other hand most of the north-facing beach bluffs have been 

less steeply developed a.Di are usable for cultivation of grains 

and corn a.1 ong with the adjacent sand beach at t be ir base. (see 

fig. 38) Sinoe the lam influenced by these out lying beaches is 

quantitatively very small no land use map has been drawn for the 

Greensv ille-C.hr isties Corner area. 

Influence of the Northeast Shore. Since the shoreline develop~nt 

in the far northeast of the study area has been relatively weak 

and insignificant the effect of the shore features of this area 

upon land use has been equally negligible. 

Influence of the Offshore Shoals. Because of their quantitatively 

larger area the offshore shoals associated with the shorelines have 

had a. more profound effect upon land use than have tbe shoreline 

region. These fl.at tabular shoal areas of light sandy soils have 

provided some of the best agricultural land in the ~tudy area. The 

most important area has been the most westerly Fla.mboro moraine 

which was flattened by waves and was just awash in the lower lake. 

The exceedingly flat nature of this land, plus its fine light sandy 

j.
soils have provided an excellent physical base for market gardening. 

Throughout the entire shoal area this is the dominant land use 

with crops ranging from field tomatoes to potatoes, cabbages, turnips, 

asparagus, cucumbers, strawberries and raspberries. (see figs. 39 and 

http:ille-C.hr
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Fig. 39: Cabbages being grown on the light, 
sandy soils of the flat, water-planed Flamboro 
morainic shoal. The flatness of this former 
shoal in the lower lake has been an important 
asset to the market gardening activities of this 
area. 

:B'ig. 40: Close-up of the long straight rows of 
cabbage seen in fig. 40. High-value row crops 
a.re grown over more than 80% of tb9 former shoal. 
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40) In addition to the dominant market gardening some of this 

land is also used for hay, pasture, orchards and grains. 

In contrast with the Flamboro shoal, the shoals of the higher 

lake around Kirkwall were under slightly deeper water and as a 

result they are neither as flat nor as sandy as the form.er. De­

spite this fact, the generally subdued topography of the area and 

its soils deTeloped on sandy materials allows this land to be used 

primarily for grain and corn production, whereas the surrounding 

li1ne$tOne plain is ma.inly in pasture. (see fig. 14} In addition 

a few fields of this shoal area are used occasionally for market­

garden and row crops. 

Influence of the Offshore Marsh Zone. The most important effects 

upon land use of the offshore marshes have been indirect. Since 

most of these areas occurred over linestone plain, even where they 

have been drained completely, the overburden is generally too 

shallow to permit cultivation. The drainage problems associated 

with the limestone plain overrides any favourable soil character­

istics and thus relegates most of these areas to pasture land or 

hay production. In some places of deeper sands in the former 

marsh areas, grains are grown but in only a very few plaoes are 

the soils used for row crops. 

More important than. the drained areas regarding land use are 

the zones which are still in swampland including the eastern, 

western and northern portions of the Beverly swamp. Although the 

central portion of the Beverly swamp was probably not a marsh in 
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the upper lake since it was under about twenty :feet of water, 

its creation was genetically related to the incomplete drainage 

of the surrounding marshes with which it has merged to torra the 

present d~ swamp. For this reason the influence of the Beverly 

swamp oan be considered to be the indirect influence of the off­

shore marsb:Js and more especially, the drumlins, sand bars, etc. 

which prevented the complete drainage of these areas. ~hus, as 

a result of these influences the present Beverly swamp prevents 

a large area of nortmrn Wentworth County from being used for 

/ · 	 agrioul ture .16 On the credit side, however, the swamp has acted as 

a natural water reservoir for the Spencer and Bronte creeks and 

has thus been indirectly beneficial to agricultural land us.e 

within these watersmds. 

Location of Farmsteads, f arnllanes and field boundaries 

Throughout the Morainic and Island shoreline regions there 

is a distinct relationship between tbe location of certain shore 

feattlres and the location of the farmsteads and other rural 

buildings. Along the shorelines on the moraines and till plain 

nearly all the farmsteads and other rural buildings are located 

on the flat well drained sites above either the upper or lower 

beach bluffs. (see figs. 27, 30 and 31) Even more striking has 

been the influence of the wave-out terraces of the drumlins upon 

16The total a;rea of swampland in the study area is probably between 
1500, and 1700 acres, of which 1400 acres is included in the 
Beverly swamp • 
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the location of far-msteads and other buildings. Throughout the 

drumlin field where the wave-out terraces are well developed these 

flat benches have provided excellent well drained sites for the 

location of buildings. In most cases the only alternative sites 

have been the lower, interdrumlin flats, which have often been 

avoided because of their poorer drainage, or the comparatively 

less accessible drumlin swnmits. As a result, most of the rural 

buildings in the southern and central portion of the Westover 

drumlin field have been constructed on the widest wave-cut terraces, 

often at the ends of the drumlins. (see figs. 13, 18 and 19) 

The wave-cut terraces have al so provided favourable level areas 

among the drumlin slopes for the location of farm lanes. Finally, 

both the base and summit of the beach bluffs, and the margins of 

the wave-out terraces have provided natural field boundaries through­

out much of the study area, 

Reforestation 

As a direct result of severe erosion along the shorecliffs. 

reforestation has been necessary in parts of the drumlin field. 

fhe Wentworth County forest on the east side of highway 52 in 

the 6th concession of Beverly Township covers one drumlin entirely 

and takes in mu.ch of the surrounding limestone plain. The drumlin 

that bas been completely reforested in the tract had been severely 

oversteepened on its south face by wave assault in the upper level 

lake. Effective erosion control along this slope has only been 

realized since this reforestation. In addition to this drumlin a 
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few other smaller areas of shore cliff have been reforested. ~he 

severely gullied shoreoliff and north slope of the drumlin in the 

concession 7, lot 29, of Beverly Township has been partially 

reforested with a rather open stand of sootch pine. One other 

very small area of reforestation occurs on the west end of the 

upper beaoh shorecliff on the strongly terraced drumlin just north 

of the Westover concession at the Beverly Townline. (see fig. 19) 

It is likely that the future will see more of these steep shorecliffs 

taken out of agricultural use and reforested if further erosion is 

not checked by careful land use praotioes. Indeed, it is the 

writer's opinion that all the steepest shorecliffs should eventually 

be reforested if effective soil conservation is to be realized 

throughout the area. 

Recreational Land Use 

The present Beverly swamp which has been formed by drainage 

obstructions to the former offshore marshes has, for a number of 

years, been important as a wildlife and outdoor recreation area. 

The swamp bas favoured the abundant propogation of wildlife by 

preventing human oocupanoe over a large area, yet at the same time 

it has also favoured hunting in the fall a.n.d winter since muoh of 

the land is relatively clear of water during these seasons. At 

present the major fauna of the swamp include some water fowl, 

grouse, partridge, rabbits, foxes, squirrels, muskrats, a few 

beaver, and an increasing nwnber of deer. The fact that the last 

wolf was shot in the swamp less than ten years ago attests to its 
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protective nature. Indeed, despite tte depletion and disappearance 

of some species in recent years, the Beverly swamp has still one 

of the greatest concentrations of wildlife to be found in Southern 

Ontario. The geographic location of the swamp close to the large 

urban populations of Hamilton, .Brant ford, LTalt and Guelph makes it 

a readily accessible hunting area in the midst of a.n otherwise 

dominantly agricultural region. 

Extra.ct .ion of Resources 

T·he shorelines throughout nortmrn Wentworth County have 

been of little or no direct economic importance. The very limited 

quantities of beach gravels have not justified exploitation for 

comnercial use or even for local farm use. Although many farm 

gravel pits occur consistently at, or near, beach elevatioas through­

out the drumlin field, it is important that these areas should not 

be erroneously considered as evidence of the exploit at ion of 

beach materials. In almost every case where there are farm gravel 

pits they are located where kam.e and ice contact materials have 

been splayed out to the north around the ends of the drumlins. (see 

fig. 18) It has been these ice contact materials that have formed 

the basis for extraction and not beach gravels, despite the ooin.­

oident elevations. 

SUMMARY 

The general land use pattern in northern Wentworth County 

reveals much of the lim9stone plain is devoted to pasture axn the 
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growing of hay, whereas laad use throughout the Galt moraine, the 

drumlin field and the drumlinized till plain, is divided almost 

equally between pasture, hay, and grain cultivation. In contrast, 

the Flamboro morainie land is largely devoted to market gardening 

and the production of row crops. The major regional controls of 

this land use pattern are the depth of drift and the proximity of 

nearby urban markets for agricultural products • 

.Although they represent only a small portion of the physical 

landscape in northern Wentworth County, the effect of the former 

shorelines upon land use has been extended through intermediate 

physical elements such as soils, drainage, erosion, etc. The 

bluffs of the morainic shoreline region have had to be left as 

pasture or sor.ubland in most cases. Sandy beach soils have given 

rise to a few small pockets of marlmt gardening throughout this 

region. Except for the influence of the sand deposits of the 

Strabane sanlspit in providing a good light soil for market 

gardening the beaches of this region have bad a negligible effect 

upon land use. Tbe steep shorecliffs and erosion of the island 

shore region on the other band, have forced man to use tt~se 

areas either as rough pasture, sorubland, or to reforest them. 

Cultivation is not possible due to the steepness of these slopes. 

Except in a few small areas of sandy so 11 the wave-out terraces 

have not had any important influence on the type of orops grown. 

They have, however, provided areas of minimum erosion and relatively 

flexible land use. The sandy soils of the Greensville beaches 
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have favoured cultivation of row orops while the less steep bluffs 

of this area are used for cultivation of corn and grains. Beaches 

have had little or no effect upon land use in the far northeast 

of the study area due to their very poor development. The sandy 

offshore shoal of t1:e Flamboro moraine has provided an important 

physical base for market gardening and has been used intensively 

for this purpose. The impeded drainage of t1:e offshore marsh 

zone on the other hand bas ultimately kept some 1400 acres of land 

out of agricultural ure through the creation of the Beverly swamp. 

On the credit side, the Beverly swamp has acted as a natural 

water reservoir for the local watersheds. Outside of their 

influence upon crops, the beach bluffs and wave-cut terraces have 

provided important level, well drained building sites, as well as 

natural boundaries for fields. As a direct result of erosion 

along the steepest shorecliffs reforestation has been instituted 

in a few places but is needed in more areas. The Beverly swamp, 

as an in.direct creation of the offshore zones in the lakes. provides 

an important wildlife and recreation.al area for the looal. urban 

populations. Beach gravels have not been of any importance as an 

economic resource. although many gravel pits occur in fluvioglaoial 

deposits at beach elevations. In general. the former shorelines 

have had an appreciable effect upon land use in tbe study area 

despite their small aerial percentage of the landscape. Wherever 

these shorelines are well developed, their land use definitely 

differs from that above and below the shore zones. 

http:recreation.al
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CHAPTER 9 

GENERAL SUMMARY 

Northern Wentworth OoWlty ia underlain by Paleozoic sedimenta.ries 

of Middle-Silurian age whioh dip gently to the southwest. During the 

Wisconsin glaciation in late Pleis·tooene times, continental ice sheets 

covered the area. In at least two or more advances, ice from the Lake 

Ontario basin moved in a. westerly direct ion across the area and de­

posited medium to small scale drift features on the bedrock surfaoe. 

The resultant physiography of n~rthern Wentworth County is oharaoter­

ized by a small portion of the Galt moraine which outs a.cross the 

northwest corner of the County, a broad central section of limestone 

plain upon which the Westover drumlin field and the Beverly swamp 

have been superimposed, extensive outwash gravels aDd kame deposits, 

as well as a few small esker s in the northeast, and a low gently 
, 

undulating morainio system on the dip slope of the Niagara escarpment 

in the Flamboro Townships. 

At some tine subsequent to the recession of the last ice sheet 

from the area, two glaoial lakes for100d in the Erie basin and extended 

eastward across northern Wentworth County leaving shoreline features at 

two different levels upon ·the landsoape. It has been the main purpose 

of this thesis to investigate and analyze these features as elements of 

the physiography o~ Wentworth County and to illuminate their place in 

tl:e geography of the area. 

Prevlous works dealing with t e glacial lakes of the Erie basin 

have l&."t"gely ignored the existanoe of th~se shorelines so f&r to the 

northeast. 9ni1 a few of the earlier works in this century, such as 

Leverett and Taylor's classic monograph of 1915, suggest that some of 
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the la.kas may have extended this far northeast. Even in these in­

stances, however, no definite shorelines were ever mapped. Only Karrow's 

preliminary report on tm Pleistocene geology of the Hamilton map 'area, 

published in 1959, definitely maps a ve-ry small portion of the shore­

lines. 

Both water planes outlined by the raised shorelines in the st~dy 

area have been upwarped to the northeast by isostatic rebound of the 

earth's orust following the removal of the iee sheets. The highest 

shoreliDe has an approximate elevation o'f 905 ft. at the western 

'boundary of Wentworth County and rises at an approximate average rate 

of 1.5 tt ./m.ile throughout sixteen miles to the northeast, where it 

reaobes an elevation slightly in exoess of 925 ft. near the eastern 

boundary of the County. The lower shoreline is less severely ap­

warped, and rises from around 870 ft. at the western edge of Wentworth 

County to about 880 ft. near the eastera boundary of the County. Al­

thoug·h it was not within the scope of this thesis -to measure and plot 

preoise eleTations for the shorel.ines, the stronger upwarping of the 

upper (oldest) shoreline is clear enough to suggest that a probable 

period of extensive eastward retreat 0£ the ice front oooured between" 
" 

the lowering of the upper lake and the subsequent format ion of the 

lower lake. Isostatie rebound in sioh an intervening low level period 

would undoubtedly tilt the upper shorelim to aom degree. When com-

bi:ned with reoent pos t-Wisaonsin. crust al rise this initial tilt would 

account for the present differential upW&rp along the· two shorelines. 

It ia beyond the scope of this present work to identify the glaoial 
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lakes whioh formed the shorelines across northern Wentworth County. 

Lakes Wittlesey a:al./or Warren are suggested, but farther investigat­

ion is needed before a conclusive statement can be made. 

Delineation and mapping of the present shore features was carried 

out only after extensiTe field work had been done. Direot field ob­

serTations with parti012lar attention to morphology and materials along 

t~ shorelines, supplemented by the stereoscopic study of aerial 

photographs, formed the major guide for delineating the shore features. 

To give a clearer insight into the nature of the former shorelines, 

oa.rtographie reconstructions of the probable ancient conditions have 

been drawn. In order to arrive at these reoonstruotions, extensive 

use has been made of steroaoopie aerial photographs, photo enlarge­

ments on a scale of 4:00 ft. to the inch, soil maps and data, and 

direct field investigations throughout many of the areas with in­

distinot shoreline features. 

Shorelines of the upper level lake have been superimposed upoa 

the Galt moraine in the west, the drwolinized till plain north of 

highwaor 97, throughout the Westover drumlin field, and on the Flam.boro 

moraine near the Wentworth-Halton County line. With the except ion of 

one small area the shore features of the upper lake a.re primarily 

erosional. forms. Along tbe Galt moraine the dominant features a.re 

wave-out bluffs fronted by a generally narrow sand beach along their 

base. Small drwnlins a.long the margin. of the moraine haTe formed a 

number of small east-west promontories separated by shallow em.bay­

ment s. North of highw• 97 the shoreline outlines a number of larger 

e.mbaynents oriented nort]J,vest-aoutheast, parallel to the tfend of the 
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dru.mlina in this area.. Throughout the areas of deepest drift the 

prominent shore features a.re waTe-cut bluffs and relatively narrow 

sand beaches. Shoreoliffs occur on the south faoe of a few drumlins 

along the shore. Throughout most of the areas of thin drift and 

limestone plain, the shoreline is generally iD.distin.ot. 'lhis is 

especially true east of the Beverly-West Flamboro Townline where the 

shoreline becomes so indistinct and discontinuous that only a few 

am.all scattered areas of beach development on the deeper drift 08Jl. 

be identified. On the Flamboro moraine, however, beaoh bluffs cut 

into the till distinctly record the fornsr shoreline near the eastern 

boundary of the County. Throughout the Westover drumlin field the 

most characteristic shore features a.re shorecliffs along the south 

faces of the drumlins and wave-cut terraces aloDg both the south 

faces and the ends of the drumlins. The steepest shorecliffs oocur 

in the southernmost portion of the drumlin field. WaTe-out terraces 

or benahe s are be st developed in the south 8lld are generally absent 

in the more protected nortmrn areas. A drwnlinized till ridge near 

Kirkwall stood out as a small tabular shoal area. in the lake. Through­

out most of the drumlin field, sand beaohes are generally vary narrow 

and sballow. Only two small areas of gravel beaoh were found along 

the upper shoreline. 

A reoonstru.otion of tbe shoreline indicates that the coastal zone 

of the upper level lake was very complex and immature in nortlern 

Wentworth County. Most of the ma.in shoreline was charaoterized by a 

number of small marshy em.bayments, while most of the drumlin field 

stood out as islands ill. the lake. !l?he bottom contours of the lake 

http:iD.distin.ot
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are essentially a reflection of the submerged glacial topography &l1d 

indicate a generally shallow offshore zone except around the highest 

drumlins and along the deep trough of the Bronte Creek. The oon­

siatent orientation of strongest erosional features along the south 

and southeast exposures of tl:e islands and the mainshore, indioates 

the most oons isten. t maximum fetch was from the south-southwest. 

Strongly developed shore features in the eastern part of the County, 

however, indicates there was also 8.11 effeotive long fetch from the 

east-southeast. These two directions give rise to a sector through 

which tm generally southerly fetch undoubtedly shifted in response 

to shifting wiIXl conditions. In order for the east-south easterly 

fetch to have existed, however, the ice front of the Ontario lobe 

must have been l.ooated bel.ow the Niagara escarp~ nt baelc in the Ont­

ario basin at least as fa-r east as 790 15' longitude. (see map No. 6) 

Subsequent to the recession of the upper level lake, the central 

and northern parts of the present Beverly swamp were formed by lake 

water being trapped on the limestone plain in depression areas behind 

the former drumlin islands. A probable low level period of an in­

deter.minant number of years existed before the lower level lake was 

formed in the Erie basin. 

With the rise of the Erie basin waters once again the lower level 

shoreline oame into existance some thirty-five to forty-five feet below 

the now isolated raised shoreline of the upper level lake. As in the 

case o~ the higher shoreline, the shore features of the lower lake in 

Wentworth County are primarily erosional, although more constructional 
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forms were built than in the earlier lake. Along the Galt moraine in 

the west, the lower shoreline shows a striking parallelism to the upper 

shore both in form and out line. Bea.oh bluffs aDd narrow saDd beaches 

are tl:e most cbaraoteristio features of the shoreline although one 

snall sandspit does occur offshore where materials eroded out of a 

small drumlin baTe been transported southwest. East of tl::e Galt 

moraiDe the shoreline cuts across the till deposit north of highway 

97 parallel to the upper shore as far east as the west junction of 

highways 97 and 52. East of this point the share line becomes very 

weak and diaoontinuous across the linestone plain in a southerly 

line parallel to the east branch of highway 52. From highwaw 52 the 

shoreline outs eastwa;rd in a relatively straight line across the 

deeper till of the main drumlin field as a low sandy ridge or slight 

break in slope. South of Strabane the shoreline forms a large sandy 

hooked spit which extends northeast across the 7th West Flamboro con­

cession block, with a smaller minor spit extendillg in the opposite 

·direction into the 6th concession. Beyond this spit, which is the 

18.t'gest constructional feature in the study area, the shoreline oon­

tinues in a north easterly direction around a large drumlin and a 

l&t'ge indistinct mass of till to form a south westerly extending 

promontory. Along this promontory there is a distinctly weaker 

shoreline development on the northwest side than on the lak:eward side 

of the feature. Beyond this promontory one half mile east of No. 6 

highway the shoreline fades out entirely among the jumbled kame de­

posits near Carlisle and the shallow overburden to the northeast. 
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On the Fla.mboro mora.ine, however, the shoreline exhibits a similar 

outline and form to that of the upper beach. ~broughout the drumlin 

field south of the main shoreline most of the drumlins e:xhib it wave­

out terraces and shorecliffs along t.bPJir southern and southeastern 

exposures. Lower lake beach bluffs have a.lso been out illto the till 

of the higheat sou ther.n area of the Flamboro morainic system. in t~ 

Greensville - Obrist ie 's Corners district. Except for the Strabane 

spit, the Flamboro moraine, and the broad sandy ridge in the 6th 

concession blook near highW8'Y' 52 in Beverly ~ownship, sand deposits 

along the shoreline are narrow and small, while beach gravels seem 

to be entirely absent. 

A reconstruction of the lower shoreline reveals that, similar to 

upper lake , it was of a complex nature in Wentworth County, although 

relatively simpler. Most of the land between the Galt moraine am 

highway 52 was covered by a large marshy embaymant with a nwnber of 

broad, low islands in its central portion. Thia shallow embaym.ent 

was probably connected in the east with the large central a.rea of 

swamp left by the upper lake. Tbe east shore of the em.bayment was 

characterized by a broad, low sandy rise which was probably Just awash 

in times of atorm. Beyond this point to the east, the main shoreline 

was marked by a very weak beach development. Offshore, a number of 

small islands were formed by the southernmost drumlins of the Westover 

field. In the Strabaoo are a a la-rge embayment was virtually cut off 

from the lak:e by the sandspit and northern promontory of till which 

formed two opposing arms across its mouth. As in the case of the 

western. emba.ymen.t, this a;rea was shallow and marshy, and was probably 
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oonneoted with the eentral. swamp left by the upper lake. East of the 

Strabane embayment • beaches along the ma.in shoreline were insignificant 

and poorly defined, partly as a result of their protected position aad 

also due to the nature of the land in tbe northeast. The most north­

westerly Flamboro moraine formed a flat sa.Ddy shoal whioh was Just awash 

in the lake below the beach line. A few small isl.ands with steep south 

facing bl.uffs and sandy beaches were isolated out in the lake some seven 

miles offshore nea.r the present site of Greensville. A small shoal area 

existed just north of these islands. Due to its location over much of 

the limestone plain, tl:e lower shoreline was oharacterized by a very 

shallow offshore zone. As in the case of tbe upper lake, the strongest 

erosional features developed on the south aud southeastern shoreline 

exposures. This, plus the building out of oonstruotional features to 

the northeast indicates tb:9 most consistant maximum fetch was from the 

south-southwest. Simila;rly, strong erosional features in the eastern 

pa.rt of the County indicate a secondary long fetch was effective from 

the east-sout:mast. As in the upper lake, in order for a fetch to 

have prevailed from the east-southeast, the ice front must ha.Te been 

below the Niagara escarpment east of 79° 25' longitude. 

Subsequent to the lowering of the lower lake, large areas of the 

two maJor emb8J"ments in the east and west were isolated in depressional 

zones behind the former islands and spits of the lake. These poorly 

drained areas coalesced with the central swamp left by the upper 

lake to form a large ancient predecessor \o. the present Beverly swamp. 

In addition a few small sand dumes of yellow loess were ~ormed by 
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aeolian activity, until vegetation became stabalized over the reoently 

drained areas. 

Both shorel.ines have affected local so ile, erosion, drain.age, and 

to a lesser extent, vegeta.t ion, throughout the s. tudy area. Former areas 

of beaoh sands and shoals have given rise to light sandy soils. Some 

of the former offshore marshes have left small areas of organio rioh soils, 

while the legacy of the ancient swamp has resulted in oTer 1~00 aores of 

poorly drained organic soils an.d peat throughout the present-day Beverly 

swamp. The slopes of the be a.oh bluffs have given rise to moderate to 

severe sheet erosion. Along the steepest shoreoliffs of the drumlin 

field, sheet erosion has been everywhere severe, and indeed bas advanced 

to the point of severe gullying in some plaoes. The creation of the 

Beverly swamp has terned a natural reserTo ir for the local watersheds, 

and has resulted in swamp vegetation over muoh of the study area. 

As a summary to the physical analysis of the raised shorelines, a 

number of simila.rit is s and d ifferenoes between the two shorelines have 

been listed. The most important similarities have been the general 

innnaturity of both shorelines, the predominance of erosional features, 

the location of both shorelines on the Galt moraine, the drumlin field 

and the Flanboro moraine, the general s1milari ty of lake oond it ions a.nd 

water movem.ent, and the effects of both shorelines upon soils, erosion, 

drainage, etc. The most significant differences exist in the elevation 

and attitude of the shorelines, the strength of shoreline developne nt, 

the relative oomplexity of the shorelines, their locations in the oentral 

part of tm study area, the greater nwnber of oonstruotional features 

&long tb9 lower shoreline, the relative size of shoal areas, the differenee 
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in offshore depths, and the relative seriousness with whioh the shorelines 

have in.nuen.oed soil erosion in the drumlin field. 

On the basis of shoreline physiography four shoreline regions and 

two offshore zones have been delineated; the moraine and till plain 

shore, the central and western weak shore, the island shorelines, the 

nortl::east shore, the sl:allow water embayments, and the offshore shoals. 

Eaoh of these reg'ions and zones ~efleot more or less distinct conditions 

of format ion and environment as well as physiography. 

Beoau.se they have ind 1reatly extended their effects through suoh 

media as soils, drainage, vegetation, and erosion, the former shorelines 

and the two associated offshore zones have had an appreciable effeot upon 

land use in nortb9rn Wentworth County. 

In general, the beaoh bluffs and shoreoliffs have been left ill 

pasture or sorubland beoause of their steepness and susoeptibility to 

erosion. ~his is especially true throughout the Westover drumlin field 

where the land use pattern reflects a pr-edominanoe of pasture, scrub, and 

hay along the south-facing shoreoliffs, while the geutler north slopes 

are used for grain, hay, and relatively less pasture. In some areas the 

steepness of the shoreoliffs has forced man to take these areas entirely 

out of agrioW.tu.ral product ion and reforest them. Outside the drumlin 

field the beaoh bluffs have acted as natural field boundaries, while 

the flat level land just above and below she bluffs bas often provided 

excellent well drained sites for farmsteads and other buildings. 

Throughout the drumlin field the wave-out terraces bave provided 

areas of minim.al erosion and relatively flexible land use. Sand deposits 

on some of the wider terraces have given rise to light sandy soils which 

http:minim.al
http:Beoau.se
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in turn have been used for the product ion of row crGps and market garden­

ing. ..More important, however, is the faot that many of the terraces have 

provided very faTourable flat, well drained sites for the location of 

farmsteads, other 1Ur&l buildings, and farm lanes. In addition tbe 

margins of the terraces often act as natural field divisions. 

Wherever they are wide enough to provide an appreciable development 

of sandy soils the beaches and sandspits have generally given rise to 

the production of market garden and row crops. Along most of both 

shorelines only a few pockets of such land use appear, however, the 

influence of the Strabane sand spit has been. fairly e:stensive. 

~he sandy offshore shoals ha.ve been p&l'"t iou.larly important as an 

influence upon the la.nd use pat tern. Their flat level topography and 

light sandy soils have provided an exoellant base for ma.rle t gardening. 

~his is especially true of' the large Flamboro shoal which was just 

awash in the lower lake as well as the shoals around Greensville. 

Throughout both these areas the land use is almost e:x:olusive.ly market 

gardenin.g. 

Finally, the offshore marsh zones have favoured cultivation in a 

few areas where their drainage has uncovered a somewhat deeper sandy 

overburden on the limestone plain. In addition, the oreation of the 

Beverly swamp by the incomplete drainage of these, and other areas, 

has prevented some 1400 acres of land from being used for agriculture. 

The regula.t ing effect of the swamp upon the local watersheds, however, 

bas been an indirect benefit to the regional agriculture. Today the 

most important land use of the swamp is as a reoreationa.l a:rea for 

hunting. 

http:e:x:olusive.ly
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Although many gravel pits occur in kame deposits at. or near, beach 

eleTations, beaoh gravels have not been an economic resource in nortmr:a 

Wentworth County. 

In general, wherever the shorelines are well developed, their land 

use differs from that above and below the shore zones. 



CONCLUSIONS 

During Wisconsin times, two of the glacial lakes in the Erie 

basin extended far enough to the northeast in Ontario, to leave 

distinct shoreline features upon the landscape of northern Wentworth 

County. lsostatio rebound of the earth's orust has raised, aud tilt­

ed the shorelines so that in Wentworth County the highest beaohes now 

ooour at elevations ranging from approximately 905 tt. to just over 

925 ft., while t~ lower shoreline now stands at elevations ranging 

from about 870 ft. to 800 ft. Tbs majority of the shoreline features 

are erosive forms, although some construction&l. work was aocomplisbed 

by both lakes. ~he strongest development of the shorelines ooour'ed 
I\ 

along the southern exposures throughout the areas where glacial drift 

is deepest and lake depths were greatest inumdiately offshore. In 

general, throughout Wentworth County, the shorelines of both lakes 

were relatively complex and immature, indicating the lakes were sh.ort­

lived. Shore!l.ine features indicate that, in. both lakes, the direction 

of fetch and wave act ion :ranged throughout a seotor bounded on the 

west by a relatively consistent maximum. fetoh from the so~th-southwest, 

and on the east by a long effective fetch from tbe east-southeast. The 

latter direction of strong fetch indicates that, in both lakes, the ioe 

front was below the Niag&"a esoarpment at some position east of 79o 25' 

longitude. 

Differential tilting of the shorelines by isostatic uplift strongly 

suggests that, between the existanoe of the two lakes, there was a low-

level interval marked by an extensive eastward retreat ot the ice front. 
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To this day, both shorelines have had appreciable effects u.po:a 

local soils, erosion, relief, drainage, and vegetation, and in these 

ways ha.Te in:fluenoed land utilization and settlenent in northern 

, · Wentworth County. These influ.ences are both beneficial and harmful. 

The most significant are the beneficial effect• of tbi) sandy soils as 

a basis for narket gardening and the harmfu.l effects of the steep 

shoreclif'fs in promoting serious soil erosion and restriating agricul­

ture. The existanoe of the Beverly swamp as a relic of the former 

glacial lakes is of great signifioanee to the regional drainage and 

l&Ild utilization. Considered on a regional basis the overall influence 

of the swamp is probably more beneficial than it is · harmful. 

In total, as part of the physical landscape, the raised shore­

lines are intimately, aDi signific&lltly related to the cultural landscape. 

Indeed, when viewed from the perspective of geography, they represent 

a unique and meaningful fusion of the geologic past with the etllturaJ. 

present in northern Wentworth County. 
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