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INTRODUCTICH

The purpose of this thesis is the geomorphological analysis of
an area which had previously not been studied in comparable detail.

From the results of this analysis, the region is placed within the
chronological sequence as established for the Pleistocene Epoch in the
Great Lzkes basin., Special emphasis has been placed on the study of
glacial lake shorelines in the area because these provide the major
evidence for the cstablishment of a chronologye.

The areca studied is indicated on the accompanying location map
(Figure 1), and consists of Brant County excluding Ononcaga and Tuscarora
towvnships, and a small section of North Dumfries Township in Vaterloo
County. This region is somewhat elongated along the terminal moraines
of the area and the glacial lake shorelines. An znalysis of the glacial
lake shorelines of northern Ventworth County is also included,

During the Pleistocene Epoch, Southern Ontario underwent four
successive glaciations. The retreat of the final ice mazs to occupy
the area, the Vicconsin Glaocier, with its many halts and minor readvances,
moulded the surface of the land, and is reponsible for most landforns
of the preosent day. Therc has been nly slight poste-glacial modific:ution.
At various stages during ice retreat pliciol lakes occupied the basins
of the present Great Lokes, and their shorelines may now te traced inland
from the loke shores, and hundreds of fcet zbove the pres.: nt luoke

surfaces,
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Due to post-glacial isostatic rebound, all glacial lake shorc-
lines have been deformed by uplift in their northern sections. The amount
of deformation depends upon the relative length of time since the
existence of the glacial lake.

In 1961, J. Horton mapped two glacial lake shorelines in northeran
Ventworth County.1 He heighted them approximately and calculated their
deformation. The original problem, as subject for this thesis, was to
trace the continuation of these shorelines southwestwards into Brant
County and to follow them across that county. Horton had tentatively
identified the Wentworth shorelines. With the larger area of the two
counties under study, it was hoped to be able to identify them more
conclusively,

The shorelines were traced into, and across Brant County by
means of mapping in the field and air photo analysis. As the vork pro-
gressed, it became apparent that there were more than two shorelines
present, HMapping was complicated further by the numerous off-shore
islands present in this area, and the resulting great variation in
situation and form of shoreline features. The final stage of field work
was the accurate heighting of the shoreline features in a number of
locations where well defined features were found, including several of
Horton's sites in Ventworth County. TFrom a study of the heights, amount
of deformation, morphology and location of the shorclines, their probable
identity was worked out.

The area of Brant County is of particular interest with rezard to
the relationship between shorelines and moraines. There exist here the
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contenporary shorelines and moraines for three of the glacial lakes,

The north eastern cxtremities of the lakes were in the northern part of
Srant County, thus, in this area, the shorelines are foundé to yrow fainter
and fainter, and finally fade out n2gainst their respective roraines.

Along each ice front, certain sections of the moraine stood above
lake level, whilst other sections were waterlaid i.e. stood below the
level of the lake, This has o significant influence upon the topography
of the moraine. The distinction was mapped in the field, and later
found to closely correspond to expected morainic topography as calculated
from lake height data,

Finally a detailed chronology was worked out for the arca, placing
in sequence glacial lukes and their associnted moraines, the connectiag
spillvays, and related spillway and delta sond and gravel ;lains. This
chronology is placed within the general sequence as established for the
Great Lakes basin. Post-glacial modification and the develorment of
the present drainage system are also discussed.

A short appendix has been added dealing with topics closely
associated with the geomorphology of the regiom, such as soil types and

agricultural geograrhy.
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Their location is indicated on the accompaying mape Eeds of the Norfolk
formation reprecent the Devonicn, and consist of grey, bluish, and brovn
limestones, calcarcous sandstone, and chert. The Silurian is represented
by three rock series: the Bertie-Akron geries, consistiug of brown
dolonite, and grey and blue argillaceous dolomite; the Salina formation,
consisting of brown dolcwite, shaly dolomite, and a limy shale with
gypsun, and this grades through a transition zone to the Guelph formation,
consisting of grey, buff, and brown dolomite,

There are very few outcrops in the area, and those which do
occur, are direct results of post-glacial entrenchment by the Grand
River. Rocks of the Salina formation are exposed in the river bed at
Paris and for Ziz miles to the north, but nowvhere does a section occur
that is nmore than 5' in thickness. Small and scattered outcrops of the
Guelph Formation occur in the valley of the Grand River between Galt
and Glen llorrise.

The rocks of the area have undergone only slight deformation.
There is a gentle regional dip towards the viest or southwest, which is
interrupted only by slight variations in its magnitude, and roversalse
These variations are not great, but appear to be sullicicnt for ihe
accunulction of natural gas in certain arceus.

SECTICH 2. LARDFORMS

Considerable variation of landforms is found within the regicn,
Farts of the south and east are extremely flat, plains regions, whilst
further north are arecas of highly accentuated toro;sraphye. The local
relief of the area i8 450', The Grand River, flowing approximately

north-south, drains the area, but away from the major streams drainage
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drainage is absent.

(2b). Two or three miles to the east, 1ies the second ridge of the series,

the Tillsonburg roraine, It runs from slightly cast of Northfield Centre

northwards to Harley, and then slightly east of north to a mile west
of Falkland. It iz more continuous than the ridre mentioned above,
though it may be best described an an elongated region of higher,
unduleting land, than a single ridge. Local relief is zbout 50'. OSlopes
are gencrally not steep cxcept in some localized arcas around the edges
of this feature, in which cases, the east facing slopes tend to be
steeper than the west facing slopes. The continuity of the ridge is
broken by two eastward flowing creeks: Horner Creek to the west of
Burford, and Big Creck a mile south of Harley.

(2¢)s The next ridge which is the Paris moraing, lies between four and
five miles to the cast of 2bs It is a continuous thouzh narrov feature,
running without a break for seven miles from Scotland in the south to
Mount Vernon in the north, vhere it is broken by Horner Creeke. (To the
north of the creek, the ridge continues, but differing characteristics
have necessitated its distinction as a separ:te region.) Local relief
here'is about 1C0'. The ridse drops steeply at its east~facing slope

to a height of 800', whilst in contrast, the western side slopes gently,
and alriost imperceptibly, and merges into the adjacent plain areca &

850'. The crest line of the ridge is gently undulatins, but in detail,
there are many sharp undulations with nume)ous blind depressions,

(2d). The Galt moraine which forms the easternmost ridse lies at a

distunce of two to three miles from the adjacent feature, and runs north-

vard fron Ookland to the Grand River., It has a local relicf of cbout
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80!, and in most respects is similar to the feature 2c. It is however,

slightly lower in elevation and has a comparatively smooth surface. It
is broken in two places by small creeks flowing eastwards.

Region §.

This region is characterized by its lack of relief, It consists
of a series of plain areas lying between the morainic ridges of Region 2.
An outlying part of this region extends northwards from Paris to the
county boundary. Over approximately 50% of this area, drainage of the
soil (by percolation since there are no surface streams) is good. TFarm
pits dug here reveal the sandy nature of the soil and subsoil, and also
show that the water table is only two or three feet below the surface.
The lower lying sections of these areas are adjacent to the moraines
and here, drainage is frequently imperfect. Large areas are occupied
by cedar swamps. Small streams which drain these areas are tributary
to the larger east-west flowing streams, Other surface drainage is
absent.

In places low terraces may be traced running across the sandplains.
In the area around Brantford Airfield are several large enclosed depressions,
but no ill-drained areas. This is because of the permeability of the sand
and gravel subsoil and the ready discharge to the adjacent lower lying
valleys of the Nith and Grand Rivers.
Region 4

This is a comparatively larse area of gently, undulating land
and comprises the northern section of the Tillsonburg moraine. Local

relief is unusually great, being 225', The highest point is above 1075¢,

and this is the highest point in Brant County. Slopes are steep only
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in emall, localized arcas, the torosrapny generally being gentle and

rounded, Surface drainage and stream dissection are rare, although

strecams are found along the immediate bordersof the region on the adjacent

sand plain.

Region 5

This is the most northerly part of the Paris moraine within Brant

County. The topography here is somewhat similar to that of Region U4,

Local relief is slightly more than 125'., The land surface rises abruptly

from SCO' on the sand plain to the west, and slopes steeply to the valley

of the Grand River to the east. There are many blind depressions,

several of which are occupied by large lakes. Immediately to the north

of Spottiswood Lakes is a prominent, @arcuatie ridge which is over a mile

in length and flanked on either side by similarly trending elongated
lakes.

Region 6

This is a continuation of the ridges of Region 2¢ and 2d, namely
the Paris and Galt moraines.
(6a). The ridge here is considerably broader than in the southern section
and reaches a maximum width of two miles. Local relief decreases slightly
to anproximately 80', and the steepncss of the east facing slope decreases
northvards. The surface of the ridge shows broad undulations rising to
over 925' and there are soue small, blind depressions. Permanent surface
drainage is absent.
(6b). This region is similar in most respects to 6a. It is a broad
ridge-like section of the Galt moraine, trending from southwest to northe

east and having local relief of slightly more than 75'.
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(6c)s This region, although peripheral to a larger region of higher:
land (Region 7) shovs sigilar characteristics to the sub-regions just
described. It is part of the Galt moraine. Topography is gently une
dulating and there are ecattered blind depressions, some with permanent
lakes, but there is no surface drainasze. Local relief is slightly more
than 80°,
Repgion 7

This rcgion is a continuation of the ridge of 6b, but surficial
characteristics differ considersably. lHere, the Galt moraine reacnes
its greatest strength. The upland arca increases in breadth to a matimum
of five miles, and extends in a northeast-southwest direction for eight
miles from Blue L:kes to the boundary of the arca studied, (beyond the
county boundary). Tae main ridge is broken at Blue Lakes and at Branchton
by broad, flat-floored channcls,

Topographically, this region is distinct in having cextremely
well develpped knob and kettle topography. Local relief is over 1257,
There are blind depressions, many of which contain lakes are up to 50!
deep. There is surface drainage related to these lakes but it is very
limited.
Region 8

This may be broadly termed a plain region, but relief increcses
towards Repion 7 to the west, giving a local relief of up to 75¢,
Several streams cross the area and hanve dissected the rlain surface,
and the underlying limestone bedrock is frequently exrosed in their beds,

especially in the adjacent regions of ‘ientworth County.



Region 9

This is an oxtensive arca of highly dissected plain., It has a
venecr of sandy soi% and sands and fine gravels are cxposed frequently
in strecom beds. The original plain surface slopes gently eastuards
and voutheastuards from 800' at its western margin to 700' in the south-
east. Dissection has lovicred stream channcls to a maximum depth of 75!
below the plain surfuce. Over most of this region drainage densities
arc couwparatively high, althouzh there are scme marginal, undissected
areas,

In the northern section a dendritic network of streams has
develcped to the trunk strcam of Fairchild Creek, which displays large
ingrown mcanders. In the southern scction, the plain is discected by
many small tributarices of the Grand River., Base level for the whole
arca is 640',

Region 10

This region is composed of several small separate arecas of a
distinct toyograrhic typees They lie along the edges of the major river
valleys, and are areas of gently undul :tingz land with a local relief of
no niore than 40'., The slope, in a series of irregular, terrace-like
features, is towards the adjacent valleys. They represent the rermants
of spillvay plains and terraces, vhich have undergone rnost-glacial
discection.

Regdion 11

The main 'trenches' of the larger river valleys have been (:rouped

to for: this region. These are the Nith, the Grand , and the lowver

sections of Horner Creck. To the north of Paris, the CGrand River is
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In this a brief description of the moraines and vurious physiograrhic
rogions of Brant County is included, It is their identification of the
moraines which is given in the previcus part of this chapter. The account
given of the chronology of Southern Ontario during the final glacial
retreat, has been altered and added to by more recent uvriters.

Leverett and Taylor are moct prominent among the earlier uriters

(3)

on the Southern Ontario region as a whole, In 1915, Taylor mapped

the noraines of Brant County, but this wos only a minor section of his
work which included all of Southern Onturio.(h)

The rost recently published work on the formation of the Great
Lakes is by Hough.(S) Brant County is included within the area discussed,
but no mention is made of this area in any detail.

‘ith more specific regard to shorelines, this arca has been
included in many generalized discussions, but there has been no previous
large ccale mapping of sherelines. In 1891 Spencer worked on the Warren
and Vhittlesey shorelincs in the castern part of Southern Ontario.(é)
He traced the shoreline of "Lake Warren" and identified it accurately
from place to place as far north as Brantford. He traced’ the thittlesey
shoreline eastwards and northwards from London towards Brant County.
AoP, Coleman in 1901, published the results of his work in which he
gives a short survey of the beaches which had been identified in Onturio

at that time.(7)

He briefly alludes to the "well developed warren

beach" in the southern part of the Ont-rio peninsula but gives no details,
In 1915, Laverett and Taylor nubliched their monograph on the

(8)

history of the Great Lakes. They base wost of their interpretutions,

hoviever, on feuatures found in the United States, and moke only slicht
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mapping such a length of shoreline on the large scale was realized and
subsequent mapping done on the topographic sheets at a scale of 1:50,000.
The length of the liiddle Loke iWarren shoreline alone is over 70 miles,
al~ost 50 miles of this being the shorelines of offshore islands.

Arcas where shoreline features were mapped accurately on the
1:12,500 scale, are the Galt moraine north of the Grand River, the Paris
and Tillsonburg moraines north of the River Nith, and the Puris moraine
between the River Nith and Horner Creek.. From this largzer scale mapping,
valuebla information was gained on the varying characteristics of the
shorelines to be found throughcut the whole area.

As the mapping progresced southuestwards it became evident from
the variety of altitudes at which shoreline features were found, that
there were more than two shorelines within the ran-e of altitude being
considered. All choreline type features within appropriate height limits

vwere mapred,

CRITERIA USED FOR IDENTIFICATION AND MAPPING

The criteria used for mapping shorelires in the field may be
divided into two categories:
(i) touographic charact.ristics, used primarily for identifying
erosional fcaturcs
(ii) churacteristics of superficial materials which occur in conjunction
with the shorelines,
(1) Topographic Characteristics
The uost common of all shoreline features are wave-cut bluffs.

The degree of development reached by the bluffs is dependent upon several

factors:
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(2) depth of water offchore; a large arca of shallow water offshore
-will hinder the development of erosive waves, and thus minimize bluff
development. .

(b) cxposure of the shoreline; the length of availnble feteh will
influence wave strensth and thus play an important part in the nature
of bluff develoyment,

(c) steepness of slope; a steep slope will lend itself more readily
to the development of steep and high bluffs than a more shallow siope.
(d) naturc of the material being eroded; bluffs which have retained
maximum steepness to the present day are those cut in the nost resistant
materials, namely, the loams and clays of the more northerly moraines.

Develorment of vave cut benches is closely associated with
bluff development. The best examples of bench development occur, as
with bluffs, in the more exposed locations where other factors are
favourable. The form of the bench varies from a smooth, wave cut plat-
form with a veneer of fine sand or fine gravel, to a series of beach
ridres, In the latter cases, the height of the crests of the ridpges
correspond to the height of the break of slope at the foot of the bluff,
vhich is taken as representing the lake level,

In certain localitics, the evidence for a former lake level
appears as a break of slope or a small terrace on the face of a previously
forned stecep slope. This slope is usually a constructional iorainic
feature,

Gravel beaches, spits, and bayhcad beaches frequently show distinct

torographic forme This Tactor, coupled with fcatures of location and

alignment, ic the basis of the initial tentative identificution of such
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features,

(i1) Characteristics of Superficial latericls

Diagnostic materials are beach sand, gravel, cobbles, and to a
lesser extent, partially exhumed limestone bouldors. Beach sand is
usually found as a veneer over the wave cut bench and lower parts of
the bluffs. It is exposed in the so0il and the degree of sandiness varies
from slightly sandy soil to almost pure sand. Beach gravels very from
coarsc sand to coarse sravel with pebbles up to 2" in diameter, and
rravels are found both on the wave cut bench and 2lso on the beach bluffs,
There is a distinct boundzry between beach and uanderlying materials.

Constructional forms consist chiefly of bedded gravel with
cobbles. Cobbles are more limited in distribution than either sands or
gravels., Their occurrence is determined by the nature of the material
into which the beach blufts arc cut. In stoney morehic arcas, chiefly

areas of landlaid moraine, there are many cobbles. These are composed

mainly of limestone, but there are some of ;neissic and granitic crratics.
In regions of sandy, water-laid woraine, cobbles arc very rarely found.
The shape of the cobbles varics from the roughly spherical form to the
flattened or "hammered" forms, bLoth forms being found in the some
localities.

In certain highly localized areas of landlaid woraines larnmo
limestone boulders occur. These moy Le up to 12' in diameter and are
subanpular, still clearly shoving bedding and jointse They stand on
the vave cut bench, at the break of 3lope, or on the lower slope

of the bluffs. They would appe=r to have been exhumed from the morainic

till by wavo action. Some are alaost completely buried, whilst others
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are completely exposed, varying according to location with respect to
vave action.

Vhilst carrying out field mapping, a number of difficulties
regarding the identification of shorcline featurcs became apparent,
and a number of somewhat similar features with which it was possible to
confuse choreline features, were rccognized., These will now be
discussed.

The most common feature mistaken for a shoreline is the breck of
slope at the boundary betwecen a moraine and the adjacent sond plain,
This boundary does, very often coincide apyroximiately with the height
of the shoreline. It vould appear that in the past, some writers may
have mistaken tiis break of slope for a shoreline. Jror example, in
1939 MacLachlan viites - 'IFrom beyond Brantiord to cast of Galt, the
general location of the shoreline is indicated by the change in slope
from the f{lat land of the lake plain to the zore uneven topography of
the Gu1t morainc."1 This confusion was overcome by a consideration of
the location of shorelinc features in relation to other geomornhological
featurcs and the likely occurrcnce of other bre:ks of slope. Also,
breaks of slope, such as that between a wmoraine and an adjacent sand
rlain, ure genmerally on a much larprer scale than shoreline breaks of
slope.

It is also possible to confuse spilluay terraces cut in sand
-nd deléa plains with shorelines. These fcatures are usually fairly

well édefined and continuous, whereas shoreline features in such locations,

1
liacLachlan 19%9,
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with large areas of extremely shallow water offshore, would show only
weak cdevelopment.

Evidence given by the sand or gravel content of the soil is
not a2 valid indication of a shoreline in areas of waterlaid moraine or
in arcas of sand plain since soils in such arcas are invariably sandy.
In some places, strins of almost pure cand mark the location of former
beaches, but so0il sandiness is no good as a general criteria in such
arcasS.

In gaces where 'islands' of landlaid moraine occurred along
an ice front, the altitudes of shorcliue features arc seen to vary
considerably towarde the ice front. It is belleved that the break of
slope between the landlald and waterlaid moraine, which is theoretically
a shoreline, ig complicated by areas of outvash and minor, ice-front
spillways which are above lake level, This would account for the r.pid
rise in altitude of the supposed shoreline towards the ice front.

The analysis of some features was not carried out until accurate
shorcline heizhts had been finally détermined. ‘hilst working in the
ficld, all doubtful features were mapped within reasonable height linits,

Air photo coverage at scales of 1326,0C0 and 1:42,CCO was
obtained for most of the arca under studye. Analysis of the vhotograrhs
revealed that shorcline featurcs were difficult to identify, wund
frequently pood features vhich were !ltnown from £ield work were not
visible on the photographs. Shorelines were vieible however, in
locations vhere much sandy beach material vas prosent, but it is vossible
to confuse this fecature with similar *strecky' features found on the
cpilluay-cand plains. Generally, air photos were of no grout value with

re-ard to shoreline identification, but they viere used for aapping all
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other geomorphic features and physiographic regions.

Uhilst the main purpose of the field work was the mapping of
the shorelines, the topographic characteristics of the morainic arcas
and the sond plain areas were also noted and mapped. Major spilluay
terri.ces, the boundary between sand plain and morainic arcas, and
boundaries between areas of varying morainic topography were identified
and mapped.

l/hen mapping of the shorelines was completed a representative
selection of locations was: chosen over as wide a range of altitude
and as broad an area as possible, for the purrose of establisnin;; the
height of the shoreclines accurately. The lientworth County shorelines
were also taken into consideration at this stage thus giving a nmuch
greater length of shoreline for the two lowest lokes, and enabling a
wore accurate determination of their heisht and deformation. To heisht
a shorcline it was necessary to find a good feature within rezsonuble
distance of a spot height. Spot heirhts at cross roads were used, and
traverses made across the one or more adjacent shoreline fenturcs. The
heirht of the brecak of slope at the foot of the bluff was deitermined
for at least two locations on each . feature. The crests of any beuach
ridgos present werc also heighteds Dstimated error was within one foot.

The analysis of the rcsults of th: above work led to the
identification of five shorelines in Brant and Ventworth Counties, They
are siorelincs of the glacial lckes thittlesey, Upper iiarren, liddle
V.rren, Lower ‘arren and tayne, and their shoreline feztures are
deseribed in the latter part of this chapter. TIeatures, us mayped in

the field are shovn on the map (fig.4). The position of the shorelines
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in some arcas have been interpolated from projection of profiles. 1In
most of these cases shoreline features are not present since canditions
here were adverse to their development. Such areas are indicated on

Figure 4,

PART B.  SHORELINE DiSCRIPTION

THE SEORELINE OF LAKE V/HITTLESEY

The main shoreline of Lake Vhittlesey runs along the gentle
east-facing slope of the till plain which occupies the extreme western
part of Burford Township., The dissected Norwich moraine runs roughly
parallel to this shoreline to form a series of islands never at a
distance of more than a mile from the shore.

This shoreline is found at an elevation of slightly more than
880" at its southern limit within Brant County, and rises gradually
northwards to a maximum elevation of 903' at its northern limit.

The northeastern arm of Lake VWhittlesey which occupied this part
of Brant County gradually decreased in width northwards, until the
shoreline abutted against the ice front just beyond the county boundary
(ise. in Oxford County). Thus thc whole length of this shoreline in
Brant County was comparatively sheltercd, compared with sections of
shoreline further to the southeast, accounting for its relatively weak
development in this area. Hany writers describe the lhittlesey shoreline
as being the most prominent of the earlier shorelines in Southern Ontario,
Hovever, in this region, strong features are found only in exposed
locations and there is some minor development of constructional forms

cutting across embayments,
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The main shoreline crosses the boundary from Oxford County four
miles to the north of New Durham, and runs for two miles along a fairly
steep and south facing slope. Quite a strong feature is found here
vith bluffs cut inte the till plain and a well developed bench in the
erosional locatiéns. At the castern limit of this section of shoreline,
a small sand spit has developed, continuing the eastward trend, and
cutting across a small valley. The sandy soil of the spit is well
exposed, and contrasts with the surrounding dark humic soils of the
valley bottom (photos 1 and 2).

Frori here the shorcline turns northwards and runs towards Colles
Lakes There is only weak bluff development in a few scattered locations.
Northeastwards from Colles Lake the continuity of the shoreline is
broken by a number of valleys - the largest of which contains the head~
waters of Horner Creck. Somec bluff development is found on the south
and southeastvard projecting spurs betiueen the creeks, but strength
of fcatures decreases rapidly northward.

The most southern island of the MNorwich moraine archipelago is
at New Durham. It stands at a considerable distance from the main
shoreline and good bluff and bench features are found on all sides,
and on all sides of the adjacent islands. Between New Durham and
Cathcart a ridge~like section of morainc shows features of the
\lhittlesey shoreline on spurs and in exposed locations on both cast and
west dides. Sandy soil is associated with the hench at the foot of these
featurcse To the northwest of Cithcart is a small bui well defined icland,
and shoreline features are developed on all but the northern, more

shelterdd cside (photo 3),
















wvag just awash in the waters of Upper Lake Varren. Its surfzcc at an
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average clevation of 880' is unusually flat compared with othe
surfaces in the Tillsonburg moraine, the local relief being only 10!

and there is very pgentle sag and swell topography. This wodified form

the result of the planing: action of the waves of this glacial lake.

e
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Soils here are patchy but tend to be sandy in the betier drained ares.

About 12 miles to the north of Hijhuey 53 is the northern most
island of the archipelago. There is a good frature on its eastern side
tthere bluffs and a narrow bench have been cut in the morainic mate.ial
above the junction of moraine and sand plain, vhich forms & seccond,
more rounded break of slojpe.

flighway 53 traverses a small islaand 2> miles to the west of
Burford., To the south of this island are 1lh more islands ranging in
cize from over a mile to 100 yards in length. Cowparatively well
features are found on all cast and southeast f{acing slopes in the wore
cxposed locations, and vhere deep water existed offshore. Bluffs are
cut in the morainic till and are rounded with fairly narrow sloping
benches in [front, and ascociated cobbles (photo 4)., Soil sandiness is
vldespread and thus of no use in shoreline icentificution. Oz sheltered
shores, between the idands and facing vestwards, there are frequently
no skoreline features to be found. On the western slopes, the height
of the shoreline frequently corresiyonds to the height of the break of
Slope betieen the nmoraine and adjacent sand plain.,

(@) The Shoreline of Upper Lake ‘larren on the P:ris Moraine between
the River Nith and Horaer Creelk

These are sone unumual features associated with the develovnent

of the shoreline of Upper Luke Varren in this section of the Paris moraine
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The ice front was standing at this moraine during the existence of

Upper Warren and shorelines developed around the morainic arcas which
were adjacent to the ice front and standing above lake level. Thus the
shoreline separates the landlaid areas of moraine from thoce arcas of
moraine which were submerged by the lake and deposited beneath ifs surface.
Surprisingly well defined features are found in close proximity to the
ice front, in locations where, bLecause of their enclosed nature only
poorly develcped features would be expected, or none at all, These
shorelines rice rapidly in altitude upon approaching supposed position

of ice front. As noted, it is thought that these breaks of slope mark
the boundaries of local spillway and outwash arecas. The 'bluffs' at

the edges of these featurcs merge imperceptibly with the shoreline bluffs.
The deposition of outwash materials in these channcls and over the areas
of waterlaid moraine forms a.veneer of bedded sands and gravels, typical
of such arcas.

The shoreline as mapped outlines several large and irregular
islands with several characteristic features. In the extreme south,
immediately to the north of Horner Creck is a ridge of hish land bounded
on the west by a line of well defined bluffs cut into sandy fill, The
southern tip of the feature has been truncated by the post glacial erosion
of Horner Creek; to the north, the land surface becomes lower and the
shoreline is indefinite. There are no shoreline type features to be
found on the steep east facing slope. It is believed that this was the
ice contact facé at the time.

To the north the larger islands exhibit the same characteristics,
The best defined bluffs and benches occur on the western sides, a weaker

feature elsevhere, whilst the castern slopges show the choracteristics of
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an ice contact slope. So:ls are sandy over the area of waterlaid moraine
whilst aliiost pure sand or fine gravel is found along the beach strands.

Cobbles are gencrally absent.

THE S:HORELINE OF HIDDLE LAKE VVARREN

This shoreline is located throughout its length, some 10' to 15*
below the shoreline of Upper Lake V¥arren. Consequently, in most locations
it is in a less favourable position for the develorment of shoreline
features due to the presence of extremely shallow water offshore.

Within Brant County, Middle Lake Vlarren was divided into three
sections by island archipelagos of the Tillsonburg and Peris moraines,
Thus nowhere is there a gre:t length of fetch, and there is a great
variety of shoreline situations.

The shoreline rises from 845' in the south to 895' in the north
where it occupies a position on the Galt moraine to the north of Blue
Lakes,

(a) The main s:ioreline of Middle Lake Varren in front of the Norwich moraine

The atm of the lake betwcen the main shoreline and the Tillsonburg
moraine wns nowhere more than 1C' deep. This shoreline was ualso
sheltered by the islands of the Tillsonburg roraine, and consequently
the development cf shoreline features here must have been limited. There
are no shore featuvres in this area which have been definitely identified,

(b) The shorcline of iliddle Lake Warren on the Paris and Tillsonburs:
HMoraines to the north of the River Nith.

In the northeastern extremity of tuis area the Grand River spill-
way was flowing southwards alon; the ice front (at Gazlt moraine) ang

discharging into this lake. The shoreline runs southwestuards from the




point of entry of the spillway into the lake, the feature increasing

in strength as its distance from the spillway increases. There was a
broad area of shallow water offshore for most of the lensth of this
shoreline, conseguently poorly developed features might be expected. In
actual fact, quite well developed fecatures are found, and this is
probably due to the soft and easily erodible materials (chiefly vater
laid moraine) into which shore features have been cut. There are
associated sands and gravels and the broad sloping bench in froat of

the bluffs. The nature of the tovography lends itself well to bench
development.

The shoreline feature. runs southwestwards for about a mile Irom
the Grand River spilluay and consists in this section of a gently sloping
bluff, averaging 15' in height and a 10 to 20 yards wide bench. Therc
are some weakly developed beach ridges offshore. The shoreliane then
turns and runs northwestwards and reaches its maximum development in
this section. There is a steep bluff but it is quite low - about 10',
vhich is continuous and has a broad, exceptionally sandy bench in front
with scattered cobbles up to 4" in diomcter. This line of bluffs continues
northwards along the vestern side of the Paris moraine gradually becoming
indistinct towards northnern limits of the lake.

Several low islands are located across the mouth of this embayment.
Good bluff and bench features are found on their exposed southern sides
and there are ascsoclated sands, pravels and small cobbles.

On the castern side of the Tillsonburg moraine, i.e. the vestern
side of the embayment, slhioreline features arc absent due to cither one,

or yrossibly both of two fuctors. Post pgladal stream erosion is active










of this section o? moraine, shoreline featur s have been ecroded by the
post-glacial develo:ment of Hornmer Creek.

The shoreline along the western side of the morcine is indicated
by discontinuous weak features. FPoorly defined bluffs, an intermittent
bench and a narrow strip of stoney or sandy soil can be traced with
difficulty.

The northwestern boundary of this morainic areca, which crosses
Highuay 2 a mile to the west of Paris, is marked by an excentionally
fine fenturc which is the result of a combination of factors (photo 6).
This is the boundary between rmoraine and sand plain at the point wvhere
a spillvay charnel impinged upon the noraine, and eroded the present
feature, The choreline features, which pre-date the spillway have
been aluat completely oroded, and the only remaining evidence is a
slight bresk of slove on the faoce of the bluffs,

(@) The Shoreline of lMiddle Lzke Varren on the Paris iloraine to the
eouth of Horner Creek.

The liddle Varren shoreline runs parallel to the Lower Warren
shoreline for wost of its lenpth in this arca, but it is considerably
better defireds In fnet, this shorelinc shows its greatest develorment
herc. Along the steep, east facing ice contact slope of the moraine
the feature is well devcloped in the more cxrosed locntions (photo 7).
Steep blufis are cut into the sandy morainic €111, and there are definite
thouzh narrow benches. Therc are many cobbles here, consisting of
limestone and of erratics, and they range up to 2' in diamcter. At
the northern tin of this scction of woraine, an indefinite line of

bluffs runs just to the south of Bishups Gate. Along the western side

of this wmorainic island no shorcline features vere found., This may be
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The heipght of this shoreline of the southera county boundary is
835'« I% rices northwards to reach a height of 903! on the Galt moraine.

(a) The Shorecline of Lover Lake Vlarren on :he Galt Moraine to the
north of Blue Lakes

The shoreline runs southwestwards from the lientworth County
boundary across a section of Dumfries Township. There are well defined
beach bluffs 10-25' high cut into the till at the edge of the Galt
noraine. Ilear Branchton there has been some local dissection by post
glgcial streacs, but generally the feature is fairly continuous. It
Va;ies in strength according to location. In some locations beach
ridses are found at the foot of the bluff and are composed of gravel with
cobbles ur to 1' diameter. Sandy so0il is found at the foot of the
bluffs, and on the lover slopes of the bluffs themselves. (photo 9).

The best developed shoreline features in the region are found
in the vicinity of Branchton. Due ecast of Branchton an exceptionally
well defined bluff on the southerrmost end of a morainic spur stands
5C' high with a broad bench in front. It owes its forn, no doubt, to
its extremely exposed position. At Branchton the continuity of the
shoreline is broken by the upstream end of a spillway which drains east-
vards across the Galt moraine,

To the south of the spillway tﬁe beach continues as a well
defined fcature with associated sands, gravels and rounded pebbles in
the coil farming a broad belt along the foot of the feature.

The inferred position of the shoreline continues westvards for
alrost 2 mnile and then swings abruptly southwards and follous the steep

front of the Galt moraine to within a mile of St. George. In this

gsection shoreline evidence is extremely frazmentary. Small, localized
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nearby sand and gravel pit (photo 10).

Between this section of shorelines and Highway 24, the beach is
represented by a small topographic feature vhich is rather indefinite
in places but can be followed fairly continuously. The weak developrent
here was due to prescence o6f choals within half a mile of the shore. The
only bresks in the shoreline occur where it is crossed by several large
grullies which trend towards the southeast.

To the west of Highway 24 is an area of well developed knob and
kettle type morainic topography, and as in the similar arca to the north-
west the shoreline becomes indstinct. A very well developed feature,
however, is found on the high svur of moraine which overlooks the secondury
road and causes its slight deviation to the east of Blue Lakes. Hcre,
there is a 10' high, steep bluff immediately below the crest of the spur.
Associated materials vary from coarse sand to cobbles up to 1' in
diameter, and these have been gquarried fairly extensively. To the uest
of this bluff is a large candspit devcleoped by deposition of materials
carried westward, (photos 11 and 12). This is the best example of a
sandspit withir the region.

From the sandspit the shoreline trends rourhly westwards towards
the Grand River at approximately 865'. In this aection features are
senerally well developed althouzh complicated in some locations by the
B8lue Lzke spillvay channel which will be discussed later. vestvards
to Blue Lakes is a well defined bluff 20-3C' high with a narrow sandy
beach at its foot. To the north of Blue Lakes the shoreline occurs
midway in altitude up the stecp concave bank of the spillay channel

nnd the representative feature is frequently only a narrow terrace or

—
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(d) The Lower Varren beach on the Paris and Tillsonburgz Moraines to
the North of the River Nith.

In this area, the land surface into which spillvay features
have been cut consists of waterlald moraine and sand plain. The Lower
Warren shoreline is seen mer;ing with the valley sides of the Grand
River three miles to the northeast of Poris. There is a well defined
line of bluffs cut into sandy £ill running without a break from the Grand
River to just beyond Highway 24A (photo 16). Scattered cobbles are
widespread along the foot of the bluffs. Sandy soil is predominant
but since this is an area of waterlaid moraine this is not a distinguishing
criteria, 300 yards to the east of the highway & small upper beach feature
becomes separate from a lower spillway feature. The beach bluifs
form a gentle but definite feature up to 20' high with a broad, gently
sloping bench in front. Beach materials are well exrosed in a gravel
pit adjacent to the highuay (photo 17). The Middle Warren beach is
not far distant, so some of the beach material may be related to this
feature. The Lower Warren beach appears to be cut into liddle Warren
beach deposits.

To the west of the highway the feature continues as a well
developed south facing bluff 10-15' high. There is an associated bench
up to 70 yards in width cut in the sands and gravels of the spiliway
plain.s Continuity of these featurces is interrupted by a small valley
formed by the lowest spillway terrace, and a small sandspit has developed
across the mouth of this embayment. The shoreline is represented by
well developed features on the vestern side of this embayment but its
continuation southwestwards, following the breek of slope formed betwcen

the eastern cdge of the Tillsonburg moraine and the adjacent sand rlain,









is not well defined. There is an offshore island here with a well

developed foature along its exposed southern cide, with a strip of
extremely sandy soil along its foot.

Along the southern liumit of this section of the Tillsonburg
moraine, is a well developed, though discontinuoms feature cut in the

morainic £ill,

(e) The Shoreline of Lower \larren on the Paris lioraine bcetween the
River liith and Horner Crcek.

Along the castern side of this roraine the shoreline lies along
the approximate position of the boundary between moraine and spilluay
plains A large arcea of shallow water offshore has prevented any strong
devclopment of beach features. A rounded bluff and bench which slopes
and pently merges with the sand plain surface, occur in the more exnosed
locations. All shoreline features on the southern tip of this scction
of the Paris moraine have been destroyed by the post glacial erosion of
Horner Creek.

On the csouthvestern section of this moraine is a well defined
length of choreline consisting of a sharp break of slope runrin; along
the foot of a series of spur bluffs. There is a broad benchin froni
with a veneer of extremely sandy soil. This feature continues northe
wards gradually decreasing in strength upon the gently undulating -
surface of the wmaterlaid moraine.

(£) The Storeline of Lower iarren on the Paris lioraine to the South
of Horner Creclk,

This section of the Paris moraine formed a long and narrou
island in Lover Lake Varren skretching unbroken from Horner Creek to

the county boundary. The configuration of the moraine with its steep
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island of the Galt moraine and rises to a height of 870! on the same

moraine ncer Branchton.

(a) The Shoreline of Lake Wayne on the Galt Moraine to North of the
Grand River. :

At the Wentworth County boundary this shoreline is reprecented
by a line of low, southwestward-facing bluffs cut in the till of the
Galt moraine at a height of approxim:tely 875'. Southwards towards
Branchton, shoreline features are weak or absent, due to the fact thut
the inferred position of the shoreline lies along the edsze of the
limestone plain.

To the south of Branchton, features of this shoreline are »nce
again found cut into the till of the Galt Moraine. An exceptionally
vell defined feature immediately to the south of the Branchton spillway
channel trends from northeast to southwest following approximately the
375' contour on the topographic map sheet. Here, a 15' bluff shows
some slight modification an§ has a number of extremecly large, partially
buried limestone boulders at its foot. These are sub~angular, and.bédding
planes and Joints are clearly visible.s There is a broad bench in front
of the feature which is up to 100 yanids wide, and with much sand and
gravel in the soil. The strength of this feature is due to its favourable
sspect, facing southcastwards and thus exposed to direction of waves
with the maximum fetch, and also to the presence of decp water immcdiately
offshorec. (Lake reaches a depth of 75' at a distance of 300 yards from
the shoreline).

From this point, to within half a mile of St. Ceorze there is
only vecattered and fracmentry shoreline evidence. As uith Lower ivarren

at thic site, absence of fecatures is due to shallow water offshore,
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Also, the position of the shoreline here corresponds with the boundary
betveen moraine and limcstone plain in the north, and moraine and spill-
vay plain further south. These boundarics form the only recognizabile
break of slope in the area,

Near St. George the shoreline changes its trend from almost north-
south, to northeast -~ southwest, and a corresponding change to a vell
developed feature is found. This runs from St. George, westward, to
just north of the junction of Highways 5 and 24, A topographically
well defined feature partially encircles the St. George island. ©n
the weotern tip of this island is a large sand and gravel pit where
the succession of the Vayne and Lower VWarren beaches is well illuctrated,
In the lowest part of the sand pit a fine set of ripyle marks is
displayed formed in a series of fine cand and silt beds, (fig. 5). These
are belicved to have been deposited in an offshore location in Lzke
Vlayne, They are buried by approximately 20' of cross~bedded sands
and pravels, deposited during lake transgression to Lower Warren. These
steeply dipping beds are truncated by the horizontal Lower Viarren beach
(photo 10).

Between St. Georpe and High ay 24 the Viayne shoreline is represented
by an almost continuous line of bluffs cut into the sandy till of the
waterlaid section of the Galt moraine. The line of bluffs coincides
approximately with the boundzry between the roraine and sand plain. Bluffs
are quite steep (for the Wayne shoreline) and from 10-20° high, and there
is a narrow bench at their foct. Small sand and gravel pits cut’into
the beach bluffs have exposed beach gravels and many cobbles. There are

some arcas of sandy soil.
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The continuity of the bluffs is broken by several deep gullies
of unusual form. They have steep sides and are flat floored, and the
shoreline break of slope continues as the break of slope betieen gully
floor and sides., Avay from the shoreline the gullies become less well
defined and more rounded; the pully floors have a steep gradient, and
at the upstream ends merge gently into broad basin-like forms, or shallowu
kettle type depressions in the suriace of the moraine, All these gullies
are nov dry, and it would appecar that they originated during ice retreat
from the Galt rmoraine, (and the corresponding falling lake level), as
drainage chamnels from stagnatine ice blocks and water pohdings neor
the edge of the moraine. Since then, modification by lake action has
produced the present form, with beach bluffs grading into the valley sides.
To the west of Highway 2k, shoreline features continue but
decrease in clarity. They are partially buried in places by materids
deposited in the succeeding Lower Warren (photo 18). The shoreline
then turns and runs almost due south along the eastern slope of the
Galt moraine and the edge of the adjacent sand plain.

(b) The Vayne Shoreline on the Galt Moraine to South of the Grand River

This southern section of the Galt moraine formed three islandc
in Lake Vayne. The helght of the shorcline ranges from approxinately
82G* on the northern end of the ﬁorthernmost island to slightly more
than 800' at the southern county boundary. Throughout its length the
position of the shoreline approximately coincides with the boundary
betueen moraine and sandplain, but since the Galt wmoraire is waterlaia
here, there ic no associanted break of slope. Gentle, poorly defined

shoreline features are characteristic. In the gaps between the islangs,
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abrading action reaches above the actual water level and the platform

extends beyond the high water mark. A comparatively shallow offzhore

area (i.e. pently sloping) is necessury for the developuent of waves of
tranclation." Zeuner also states = "It is probable that the relation
of the intensity of the translatory uaves to the resistance of the rock

and steepness of the cliff determines whether the wave carved platform
exceeds high water level or not. Along most perpendicular resistant
cliffs its inner edge appears to remain well below high water mari,
sometimec by several meters'.

Thus the break of slope on the ex .osed shoreline may be either
above or below the true lake level depending on the steepness of the
gencral lakeward slope. Over the whole of the area studied, naterials
which have undergone shore erosion are unconsolidated and thercefiore
comparatively weak. Therefore varying degrees of resistance to cerosion
are unimportant, and for the purposes of this argument, may be ignored,.

Zeuner concludes - "The margin of error implied in determining
the height of an ancient sea level from the inner edge of a wvench, is
soveral umetres, though it will rarely exceed 4 mctresﬁ Thus a variation
within 8 metre's (24') is vossible. Variations in height found in Brani
and Ventworth counties are considerably below this maximum, height

differences of up to 10! being the most common.

DEFORMATIOHN

All the shorelines are found to h:xve undergone deformation to
a varying degree. The average gradient over all the beaches in the
area is approxinuately 2.5' per mile along the line of maximum tilt trendin;:

N. 20°E., This may bLe compared with gradients on the Algonauin ung Iroguoisg









Then folloved the low water stare of the Two Crecks Interval.
The next in the sequence of glacial lakes is Luke Wayne and it is not
known whether this lake is related to a falling lake level prior to the
Two Creceks low interval or to a rising lake level during the subseguent
readvance. Hough arbitrarily assigns it to the period of rise during
the advance of the ice of the Valders substage. The mestimum extent of
the Valders ice is represented by the Fort iric moraine, the next morsinre
east of the Galt moraine. This reprecents the position of the ice froat
at the time of Lower Lake \‘arren.

Thus these five lakes represcnt the eight hisghest lake stages in
Brant and VWentworth countics, and occurred ii: direct relationship to the
moraines of the area. Therefore it secrnic likely that ficld evidence
for zlacial lakes in this area can be related to the scquence of evenis
outlined above.

Five diffcrent criteria were used for the purpose of identifying
the shorelines, and these will now be discussed.
(1) ILENTIFIC \TION WITH RLGARD TO BEACH GRADISNT

It is a characteristic of all the beaches of the carly stases
of the Creat Lakes that they rise when traced northwards. Tre rise of
the land surfuce ic considered to be due to isostatic rebound sirce
the weight of ice vas removed from the crea. Huny beaches are found
to Lc horizontal in the extreme southern scctions of the lalke baging,
but to be tilted in the northern regions, thus indicating rising land
to the north whilst the southern arcas renained at the sanme clevation,

The point wvhere a beach begins to rise, that is, a line of zero wlist

-

9

is termed 1its hinpe line. As the ice retreated further and further to
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the north, so the area of land affected by tilting became limited to
morc northern areas, Thus the hinze line for any retrcat stage is
found to be north of the hinge line of the preceding stage.

For purposes of comparison the gradients of the rore southerly
sections of the beaches are discussed, since the northern sections og
all beaches show considerable increase in upwarping northwards. These

gradienis are as follows (suzposed chronological order):

‘hittlesey 2.8' per mile
Upper liarren 2.6' per mile
Middle Yarren 2.6' per nile
iayne 2.2' per nmile
Lover ‘Yarren 2.16" per mile

¥heh placed in this order, beaches show a grudual decrease in
gradient as ls to be expected since the older becaches have undergone
the longest period of upwarpinge The VWhitllesey beach shows the steepest
gradient of 2.8' per mile, but it rust be remembered that only the extreme
northern section of this beach is seen in Brant County, and the gradient
will therefore decrease considerably southwards.

Next in sequence the beaches of Upper and Middle Lake ‘‘arren
show a slizht decrease in gradient, both sloping at 2.6* per mile,
The general similarity of gradient between these two Vizrren bcaches,
and the Vhittlesey beach may be cited as evidence for the supposed
lake sequence. Lake vhittlesey and Upper and Middle Lzkes Yarren
formed an unbroken succession of lakes with no major periods of retrcat
or advance inbetween the lake stages, and thus the beach gradients
may be expected to be somewhat similar,

Similarly lokes liayne and Lower Vari en fora a chronological

sequence, and their gradionts of 2.2 ond 2.1€%/mile would enpear to
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of the lower four beaches wovld appear to be correct, it ceems likely
that there is some reason for this di -crepancy. It could be attributed
to the influence of local structure upon deformation. The only other
explanation that can be offered for this reversal of the more usual
relationship, is that the land surface underwvent some denression during
the tipge between the existence of Lake whittlesey and Upper Lake VWarren.
Such depression could be the delayed result of glacial readvance and
related isostatic depression after the Cary-Port Huron low water interval
vhen the leke basins were ice frec, A depression of the land surface

by 26! in the Brant County area would be nccessary during the Vhittlesey-
Upper Varren interval to account for the present relationship between
these beaches.

There are no records of such relationship between beaches having
been previously determined, but this is probably due to the infrequency
of detailed studies of beach profiles over comparatively long distances.
(4) MORFHOLOGICAL LVIDEKCE FOR SHORELINE IDENTIFIC.TICH.

The Whittlesey beach

Many writers state that the Whittlesey shoreline is the better
developed of all the higher lake shorelines to be found in Southwestern

On:ario. It was formed by a rising lake level and certain cheracteristic

fcatures result.

According to Loverett and Taylor11: "The manner by vhich Lake
Whittlescy came into exisctence (by readvance of the ice and raisinz of
the water level) explains certain characteristics which mark this bveach

nore strongly than any other that has been found. Its course acress

11
Leverett, F., and Toylor, F.B., (op. cit.)e Do 382.
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the country is remarknbly direct in view of 1lts many crocsings of river
and creek valleys which appear to hive been ctcavated to approximately
their present depths before this beach uas made. It crosses them in a
direct line like & railroad embankment, in places standing 20° - 25° above
the valley floor at its back ... 20t the slightest evidence of wave
action appears in embaymenis at 1its rear. This fact, and its extra-
ordinary height and boldness suggest that it was built rapidly and was
pushed a few feet up the slope whilst it was beinpg built, so that the
back shore of the bays closed by barricrs was never exposed to vave action
at the level at which the beach wac made",

This description would appear to fit the Vhittlesey beach as mapped
in Brant County, although the features are generally not so distinct,
no doubt due to the comparatively enclosed and sheltered nature of this
section of the lake. Puitnam and Chapman12 describe VWhittlesey as being
"a poorly developed heach in Ontario', but it appears well developed in
comparicon with the shorelines of Upper and Middle Lake Varren and Lalee
Viayne.

Aléo Lake Whittlesey was of comparatively lonz duration and
therefore quite well developed features are to be expected. Couparative

length of duration of the lakes, ond is indicated in the following

table token from Hough.13
12

Chapman, L.J., and Putnam, D.F. (op. cit.) p. 65.
13

Hough, J.L. (Op- Cito) Po 1"}10
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The Wayne Beach

This shoreline was formed by a transgressing lake level, but
also underwent submerrence and therefore its features show results of
water washing. Bluffs are generally more rounded and gentle along the
shoreline and associated materials are mainly sand, cobbles and boulders
being absent. In his discussion on the varying characteristics of the

12 ... "the lower (t'ayne)

tuo Ventworth County shorelines, Horton states
shoreline is characteiized by the develorment of larger and slightly
more numerous constructional forims such as sandspits and bars's.

During the existance of Lake Wayne, the ice front was r.advancing
from the east after the retreat to the Two Creeks Low Interval. At this
gtaze the ice front was further to the east than during the succeeding
Lover Lake Varren stage. Horton16 gives cvidence in agreement vwith this.

In his discussion of lake conditions and wave action he rcasons, by a
consideration of the location of the best formed wave cut features, that

a long fetch from the east-southeast was necessary. '"In order for the
east-southeast fetch to have existed, the ice front must have been located
well to the east; even further to the east than its position during the
existence of the first (i.e. Upper, 1.e. Lover Varren)lake. This conclusion
is supported by a stronger develorment of eactern features along the

lower shoreline than along the upper shorelinc."

Thus on the basis of morphological evidence, it would aupear
that there is good reason for the identification of the shorelines as

abovee.

15
Horton, J.E. (op. cit.). p. 109.
16

Horton, J.tl. (Op. Cito)- Pe 88.


















CHAPTELR &

MORAINES OF BRANT COUDNTY

INTRODUCTION

As has alrcady been nentioned in the previous chapter, the
moraines of Brant County show an exceptionally close relationshin to the
associated shorelines, This relationship ls illustrated by the occurrence
of varying morainic types recognized in the field primarily by their
distinctive landforms,

Previous writers have briefly referred to this relationchip,
Yith regard to the Paris moraine, Taylor states1. " ees it iz uaterlaid
south of Paris and becomes weaker .es. '"s Discunsing the Tillsonburg
morainc Charman zmd Fubnam statea, "lihen building this woraine the
glacier was vashed by the uaters of Lake Whittlesey to the south of
Tillsonburg".® They also mention briefly characteristic differences
betueen the waterlaid and landluid sections of the Paris morain93

"From Acton to Galt it is a high bouldery ridge. At, or near Paris, the

T Paylor, F.B. 1913
2 Chapaan, Le J., and Putnam, D.Fe, 1951. . b46.
2 Chapman, L. J., end Putnom, D.F., (op. cit.). p. 47,

. The conclusion of this chapter indicates that the Tillsonburg
moraine was probably waterlald for a much greater distance to thz
northueste.
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PART ONE DESCRIPTION OF THE MORAINES

Bach moraine will be dealt with separately and discussed with

regerd to distinctive regional characteristics.

THE GALT MORAINE

(1) To the north of Blue Lakes

This is the most extensive and unbroken morainic area in the
region under study. The moraine reaches its maximum width of five miles
just to the north of Blue Lakes and the village of St. Georgee.

Throughout most of this section, the rmoraine shows the typical
form of a steep east-facing ice contact slope and a longer, more gentle
west=facing slope, although in many locations this slope has been
steepened by crosion of the Grand River spillway to the west. Alco,
there are many minor ridges in the central part of the morainice area
trending parallel to the major moraine,

The surface of the moraine illustrates well developed kn:=b and
kettle type topography. There are numerous steep-sided kettles, up to
4O' deep formingblind derressions and many containing lakes and suaIpSe
A1l show ereas of ill drained ground associzted with the development of
derk humic coils on the floor of the depressions. Rounded, forested
knobs rise to a height of 200' above the lowest morainic arcas. In
certain arcas alignment of features has '.ecn observed. Llongated knobs
and kettles are seen trending from northeast to southwest, purallel
to the general trend of the moraine.

There is virtually no surface drainage on the moraine. A dense
network of lines of se-page indicited on the air ;hotos, shows no

orientation except in peripheral areas. Here it has been Ycaptured"
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by streams heading back into the wmoraine from the surrounding areas of
sand plain and limestone plain to the east, and the Grand River valley
to the west. Thesc are the only places vhere post glacial dissection
has been active.

Doughnut formsu, characteristic of arcas of ice stagnation, are
also visible on air photos. Doughnut forms and the numerous kettles give
adequate evidence for ice disintegration and stagnation in this arca.

There ig a narrov belt of land bordering this morainic arca to
the south and eust which sliows sharply contrasting characteristics.

The boundary betwecn this crea and the arca just described is approximately
the 9CO' contour. The topography here is of much lower relief and
undulations are comparatively gentle. This may be described as a
transition area betwecen the riorainic topography of the main areca and

the adjacent sand plains. On air photos the characterictic morainic forus
are almost absent and replaced by forms more typical of a sand plain arca
althoush considerable ranme of relief is maintained,

Over most of the nain morainic area loamy soils (Dunfries ond
London loam) predominate (photos 19 and 20)., The subsoil is 2 coorse
doney loam with clay in localized areas and generally many stones and
some large boulderse. Along the eastern margin of the arca, corresronding
with the perirheral belt just described, there is transition to a sandy
loan., This is the Brantford loam and &t is developed over a subsoil of
stratified fine sand and silt which is comparatively stone free. To
the north of this arca of Brantford loam is a large region of Guelph
loam which is distinguished from the Dumfries loam by the prescnce of

n

Gravenory C.l., Green, R., and Codfrey, JeDs 1260. p. 11,












Once again, these features would suggect an area of transition batucen
moraine and sand plain.

The predominant soil type, as in the area to the north, is the
Dumfries loam, There are local variations within this type. Extremely
sandy soil occurs in some places related to the shorelinesiy Generally
this loam appears less sandy here than in the area to the north, although
ir some areas sharply undulating topograp!.y and steep slopes have precluded
cultivation in an otherwvise extensively cultivated arca.

Due to the permeebility of soil and subsoil, there is no surface
drainage on the moraine. At the eastern limits of the area, soils show
transition from the Dumfriec loam to the Brantford loum and the Fox sandy
loam, indicating incrcase in sandiness and decrease in stoniness. Aleng
the western boundary is a transition to the Burford loam, a brown gravelly

loam develoxed on the sand and gravel beds of the Grand River =pillwvay.

(3) The Golt woraine %o the south of the Grand River

The moraine here is represented by a near-continuous, low-lying,
rounded ridge. Within the airea,the topography is smootinn end rolling
in all but the hishest areas cbove 860 where more typical morainic tyve
topography is found. These areas arc extremely localized except for
one such area wvhich occupies the ridge crest for a distance of one nile
to the north of Ozkland. -

Both the eastern and westera boundaries of the morainic arca arc
marked by relatively steep slopes to the adjacent sand plain (photo 21),
Along the western margin are scverel bold promontaries where more rugeed
toroxraphy juts onte the sand plain., The castern slope of the woraine is

unusuzl in that it tends to be less steep than the vestern slope vhere the
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To the east this area is bounded by the Grand River valley.

From an elevation of 825' in the southeast the land rises gradually
towards the north and northwest in a series of 50' - 70' high 'steps’®.
Bach step forms a continuous and prominent feature of the landscape,
Breaks of slope tend to be angular rather than rounded, whilst elsewhere
the surface is gently undulating. Kettle holes and blind depressions
are quite frequent and increase in number northwards and towards hicsher
ground., Their form varies from the common rounded shallow forms to decper,
steepsided and branching features. \there shorelines are present they
form comparatively distinct features.

Burford loam is developed over the entire area and also on the
adjacent areas of esand plain. There are lacal areas of extremely sandy
s0il frequently associuted with boulders and cobbles along the rslacial
lake shoreélines (photo 22).

The fact that surficial materlals do not distinguish this area
from the surrounding sand plain areas would suggest that the morainic
materisl here gives rise to topographic expression but has been partially
buried by spillway sands and gravels which also cover adjacent arcas.

Near Spottiswood: Lakes, at an altitude of approxim-tely SCO!
is an abrupt change from the smooth tororraphy of the region just
described to a typical knob and kettle region. There are numerous ketile
lakes, indicative of ice decay and disintegration in situ.

Between Spottisivood: Lakes and Pinehurst Lakes is a high curving
ridpe~-like feature, 125' high and consistin;; of kame materials. In forn,
it is a double ridge bordered on either side by similarly oriented lukes,

Other features of this kind, trending in the came directions, but not zo

N
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well developed are found in the arca of the Paris moraine further to
the north.

Soils of the arca vary according to location. Dumfries loam is
found in the arcas of typical morainmic topogrraphy with peat and muck soils
on the floor of ill-drained depressions. There is a transition to Burford

loam on the nearby areas of sand and spilluay gravel plains.

(2) The Paris moraine between Paris and Horner Creck

The roraine here is represented by a broad ridge. it rises gently
for a verticel distance of 75' to 100' from the cand plain to the west,
and drops more steeply (ice-contact face) to the spillvay plain of the
Grand River valley to the cast.

Areas above approximately 900' show typical knob and kettle
torography although this is not so well developed as on the Galt moraine
except in the areca immediately to the south of Paris, Here, are
prominent knobs ond kettles. Lower lying arecas of this moraine are
characterized by smoother and more rolling topography which nerges
gently and imperceptibly.into the sand plains, Shallow kettles are
present in this areca and breaks of slope here tend to be anpular rather
than rounded. Step, or terrace~like features which cannot be related to
a lnown shoreline occur fairly frequently.

The boundary of the arca is not well defined except in the
northwestern section wherc the moraine drops steeply to the sand rlzin,
Thig feature ic probably due to oversteepening by spilluay erosion aand
algo rmodification by wave action of the glacial lakes, since this "pluff“

represents nore than one shoreline,



Dumfries loam occurs over most of the arca showing some local
variations which can be related to sand beaches along the shorelines of
Upper and Middle Luke Warren (as in area to the north of Puris). At
the limits of the moraine is a transition to the relatively stone-froe

and sandier Burford loam developed on the sand plain,.

(8) The Paris Moraine to South of Horner Creek

In this section the moraine narrows considerably to a maximum
width of one mile and runs duec northsouth. There is a steep east-facing
ice contact slope and a much more gentle western siope grading imper-
ceptibly into the adjacent sand plain. The morainic ridge is smooth
and well defined for most of its lengtik, but there are several small,
abrupt and sharply defined "hills" on its crest. These are generally
uncultivated owing to steepness of slope and stoniness of soil,.

The remainder of the surface of the moraine is of the typical
"lowland" morainic type, but in some areas this smooth rolling surface
is broken by a series of bold, but small-scale undulations forning
numerous small blind depressions. Here, the soll is .stony and its
humic content viould appear to vary grecatly from élace to place according
to specific loc:tion (photo 23). These features are well defined on
air photographs.

The main ridge of thic moraine from Mt. Vernon to Scotland is
overlain by the Dumfries loam. This grades very slowly into Burford
loam on the sand plain to the west, but therc is a much sharper transiton
at the foot of the stee; cost-facing slope to extremcly sandy soils.

In the southern section, running northwards for 2% miles from Sedlang

is a narrov strip of Brady sondy loam betvicer the moraine to the vest,




9N.

and the nuck soils to the east, This is a dark brown, stone free sandy
loam over grey sand. To the north, thic is replaced by a belt of Fox

andd occupying a similar situation as far north as Ht. Vernon. This is

a light brown and yellow sand overlying reddish brown loam which in its
turn overlies beds of stratified sand and gravel. Soil sequences described
here are of value¢ in determining the mode and sequence of deposition of

the moraine and sand plaln moterials,

THE TILLSONBURG lMORAINE

(1) To the North of River Nith

Although the Tillsonburg still exists as a recognizable morainic
unit here, a short distance to the north near Ayr it merges with the kame
and gravel arca of the Viaterloo sandhills and looses its identify. 1In
northern Brant County the moraine is beginning to broaden and may be
better described as an area of morainic topography rather than a niorainic
ridge.

The morainic area is dissected by several spillway channels which
are nov represented by flat floored valleys with misfit sitreams and
gently sloping sides. (There is insufficient available relief to develop
more typical steeply sloping sides.) Topo raphy is gently undulating
with no great development of morainic knobs althoush there are frequent
kettles of moderate size and depth. Low rolling hills rising fron the
plain area are characteristic. The land gradually risec northuards and
local relief also incrcases to the north,

The Guelph loam prcdominates in this area but there are quite large

arcas of london loam. These types are distinguished toposraphically;
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sandy loam (a sandy loam developed over rolling clay loam) is found over
both the morainic islands and the sand plain areas between. Between
Horner Creek and Big Creek the main morainic ridge shows development of
the Huron clay loam, but Bookton sandy loam occupics the morainic slope
to the west.s To the south of Big Creek the Bookton =sandy loam occupies
all the norainic arcas. From analysis of the above facts it would appear
that rolling clay loam underlies the whole of this area, but is over-
lain in all sections (except that between Horner and Bip Crecks) by a
sandy loam. Brady sandy loam, developed on sand beds occupies the
narrow strip of land betweer moraine and the adjacent swamplaond to the

eact.

NORWICH HORAINE

The Norwich moraine follows the arproxiriate eastern limit of the
till plain which stretches westwards into Oxford County, and separates
it from the sand plain arca to the east. In places it is partially buried
by sands and gravels, and the resulting fors is a chain of isolated
moratnic 'islands' rising above the sand and till plains,

The soils developed on the lNorwich moraine are the came as
those of the Tillsonburg rmoraine. Sandy loam is found over a rolling
clay loam with sone stoncs in the clay loam. Along the margins of the
morainic area these soils merge with the szndy stone-frece loams of the

sond plain to the cast, and the clay loamc of the till plain to the weczt.

PALT 2 ORIGII OF HORAINES Figure 9

In this section the node of dejosition of the various morainic
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types and the formation of their characteristic topograrhies will be

discussad.

Landlaid moraine consists of unsorted and unstratified material

varying in composcition from a sandy to a clay matrix. It contains stones

and boulders of all degree&s of roundess and angularity, and ranzing in
size up to blocks 12' in diameter. ?PMaterials are derived predominantly
from bedrock limcstones, but there are many erratics of granitic and
gneissic rocks derived from the Canadian Shield. Erratic boulders tend
to be intermediate in size. In arcas of landlaid moraine large boulders
are frequently scattersd on the surface or partially buried.

This morainic type reaches its mazimum development in the northern
section of the Galt moraine. The breadth and bulk of this moraine indicate
that the ice front stood here for a comparatively grecat length of time.
The sharply undulating surface is underlain by coarse grained till and
localized areas of stratified gravel forming kames are common. Blind
depressions are of varying origin; many are kettles resulting from
partial burying of ice blocks and subscquent collapse. These tend to be
more circular in form than blind depressions originating during the
construction of the moraine. Such features indicate the stapgnation and
decay of the peripheral area of the ice sheet whilst iu this position.

The northern section of the Paris moraine shows similar featurec,
Kame structures here have been previously described. In the northern
section of the Tilleonburg moraine, relief is more subdued, and in
relation to this the clay content of the :orainic material is higher
than in the ;ravelly Paris and Galt rioraines. Kettles are frequent ang

tend to be comparatively small, indicatin;; decay and etognation of the
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lappingz, but the distinction is justified since it is of great use in
the analysis of torographic types and in the deduction of a chronology
for 3rant County.

On the basis of these distinctions a map was constructed shovins
areas of landlaid, waterlaid and waterwashed moraine. lMorainic types
were plotted with regard to isobascs and to contour lines, and a close
correlation was found between torosrarhies described in the first part
of this chapter, and the distinctions shown on the map, figure 10.

Vith regard to the Galt and Puris moraines the arcas of landlaid
moraince are seen to correspond with nreas of well developtd morainic
topography, with Dumfries loam. In the sotthern section of the Galt
moraine, the Dumfries loam shows close relaticnship to the areas of
landlaid roraine, and therec ic an especially good example of this in area
to north of Oaltland. The Paris morainc to the south of the River Nith
is indicated on the soil map as Dumfries loam, whilst the rorainic tygpe
map indicates large arcas of waterlaid moraine here adjacent to the
landlaid morainic arcas. This is probably becausc oils developed on
the coarser waterlaid morainic material adjacent to the landlaid moraine
are included within this category.

In the peripheral arca of the northern section of the CGalt rorainc
arcag of waterlaid and water washed moraine are seen to corruspond to
the trancition zones of the soll types, where the loams of the main
morainic arca give way to the sandy lozms of the surrounding sand plains.-

Thoe Paric moraine to the north of Paris, is an area of waterlaid
and waterwashed moraine. The soil type is the Burford loam and it is

homogeneous over the whole of this arca and over the sand plain adjacent
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Clacial Stapre Interglaéial Stare Approx. aze in years
Viisconsin 10,000 « 54,000
Sangamon
Illinoian 300,000
Yarmouth
Kansan 700,CC0
Aftonian
Nebraskan 1,000,0C0C

Of these glacial and interglacial stages it is only the wos
recent glacial ctage, and the succeeding and present post glacial stage
that arc of significance with regard to the present morphology of Brant
County. The retrecat of the VWisconsin glacier is responsible for the
formation of the landforms of the area, and during post glacial time
these forms have undergone modification resulting in their prosent

configuration,

THL WISCONSIH GLACIAL STAGE

The Visconsin drift sheet covers the surface of most of Southern
Ontario and the Great Lakes region. Its landforms have undergone
relatively little wodiflicetion and so a study of these features has
enabled a detailed chronolosy for the retrecat of the Uicconsin glacier
in this crea to be built up,.

Seven glacial substages have been distinguished Ly Hough and it
is to thesc that reference will be made later in this chapter. They are
listed in the following table.

GLACIAL SUBSTAGLS

71 Cochrane

6. Valders

5. Fort Huron (Mankato)

4. Cary

3. Bloomin:iton (late Tazewell)

2. Shelbyville - lowan (carly Tazewell)
1e Frrandalde



The hictory of the Great Lakes bepins at the Cary substase.

Early in this staze the fluctuztions of the ice front invslved retreat
into the lake bhasins and the subscquent formaticn of the carly Great
Lakes.

During the Cary substage formation of moraines took place individe
ually in each of the lake basinse At the time of the following Port Huron
subst~ge howvever, moraines werc bullt which can Le traced from onc lake
basin to another. Using this Port Huron moraine as a reference datuam
a numbcer of writcers found it was possible to work backwards in time
throush the earlier moraines to establish a system of correlatives, A
chronolozy for vost - Port Huron cvent: was established with repqard to
features of the lake siapes and their contemporancous roraines.

The formation of the Brant and Yentworth County lzndforms took
place during the Cavry, Vort Huron and Valders subsia es. in Chapter.3
the Tillsonburg, Paris and Galt moraines were identified us reprosentin;:
the triple strands of the Port Huron substage. The Horwich ﬁoraine,
since it predates the moraines to the west, must belons to the latter
part of the Cary:vsubstage. The moraines of lientworth County, related
to Lakes Vayne and Lover Varren are assi’ned to the Vilders :ubstage.

For the sake of simplicity in the following discussion, the
stges mentioned above have been further divided inteo minor stareg.

Bach of thesce minor stages will be dealt with in chronolo;iczl order.

Minor stames of Brant and Vientvorth Countios

1. Pre Norwich noraine - late C'ry
2. HNorwich rmoraine - late Cury

3¢ The low-water stage of the Cary - Fort Huren Interval

4, The Tillsonburg moraine and Lake hitilesey - Fort Huron
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5« The Paris moraine and Upper liarren -~ Port Huron

6. The Galt moraine and Middle Varren Port Huron

7. The Two Creeks low water stage Port Huron -

Valders
8. The Valders readvance and Loke Vlayne ~ Valders
9. The Valders maximum and Lower Warren -~ Valders

1« Pre«Norwich moraine

Prior to Lake Whittlesey the major lake to occupy the Zrie and
Huron basins was Lake Arkona vhich existed during the latter part of the
Cary substage (carly post Lake Border stage of the Michipan basin). The
ice front during the graater part of the time for which this leke was
in existence stood well to the west of Brant County. Ice occupied all
of the Ontaric basin and the ice front stood well up on the high ground
of northern New York GState and occupied the eastern end of the Irie
basin damming Lake Arkona. Drainasge was via the Grant River channel
in Michizan,

Three stages hive been identiiied for Lake Arkona at levels of
710', 700' and 695' (hinge line heights). Ench ctige i correlated
wvith a minor ice advance and each ztare termirated by ice decay and retreat.
Increased discharge during the retreat stuges resulted in the lowering

of the outlet channel by a few feect.

2. At the Norwich lMoraine

The Norwich moraine probably was built by the third and final
readvance during the extistence of Lake Arkona. During retreat prior to
thic sta e the ice sheet had derosited the till plain which stretches

westwards intd Oxford County from western Brant County. During the stiil
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stand of the ice front at the Norwich moraine, Lake Arkona stood at 695',
The deformation of this shoreline is not “nown but it may be safely
assumed that the northeactern ara of this lake did not recack as far north
as Brant County, due to the comparatively high elevation of the land to
the west of the moraine in this area. Thus the Norwich moraine for all
its length in Brant County is landlaid (although much of it has under-

gone water washing by later glacial lakes).

5« The low=-water stage of the Cary-Port liuren Interval

dvidence from various parts of the Huron, Zrie and Ontario basing
has been interprcted by Hough as indicating a fairly deéfinite low water
stage at this time:1 " eees it appears likely that the ice front had
retreated sufficiently far during the Cary-Port Huron interval to uncover
outlets to the ecast which were low enough to drain the lake waters-'down

to a low levell,

4, Port Huron glacial substage - Tillsonburg Moraine. and Lake Vihit¥lesey,
Ficure 11,

During the Port Huron readvance the castern drainare way was
blocked. Lake waterc were ponded back until once again the Grand River
overflow channel in Michigan was in use and the lake .aters stood once
more at 695'. This lake stage is termed the second Lake Arkona. Because
this stare was {ollowed by further readvance of the ice front, no noraine
exists to mark this comparatively temporary stillstand. Slight upviarpins
of the land probably occurred during the preceeding low water stage, so
it is thought that the water plenes of the two liukes which stood at 695!
diverge slightly northwards away from the hinge lines. As with the first

Lake Arkona, it is likely that the sccond Lake Ariiona did not extend northe
1

Hough, J.L. 1958. p. 147,
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eastwards as far as Brant County.

At the time of its maximum extent, the ice front of the Port lluron
substage stood at the Tillsonburg moraine. Further west the readvancing
ice front rode up the Thumb of Michigan to Ulby, thus separating the
vaters in Saginaw Bay from the waters in the Huron and Brie bascins, and
raicing the latter to form Loke ‘hittlesey at $38' A.T. The drainage
paszed via the Ulby chamnel to Lake Saginaw and then via the Gradd River
outlet,

The extent of Lake thittlesey in Brant County is shovm on the
accoapanying map., The hisghly indented shoreline is the result of river
valley erosion during the prececeding low water ctage, and provides some
evidence for this low water stage. As has been previously mentioned,
the riesing waters of Luke Whittlesey tended to buiid constructicnal
forms across thece embaynents, but shoreline features are generally weok
here, owing to the confined nature of the lake,

The Tillsonburg moraine is waterlaid, with only small secattered
'iclands' of landlaid roraine, clong almost the whele lensth of the ice
front where it bordered the lake.

To the north of Brant County the icc front was stationary in the
vicinity of the Vaterloo sandhills. Ice front drainzge folloved a spill-
wuay channel vhich flowed, via the present sites of Ayr and wolverton,
to rcach L-ke vhittlemey somewhere in the visinity of Richuood. This
spillway is now the valley of the River Nith. Zands and gravels de-
vosited on the floor of the spilluay and valley train type features,
indic::ting direction of flow, are clearly seen on air photos. laterials

were derosited in Lake Whittlesey partially burying some of the lover
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}ying sections of the Norwich moraine and on-lapping on to the Tillsonburg
moraine during its procecs of formation. Between the two moraines,
sand and deltaic gravel beds were depoeited on the lake floor, and theze
beds now represent the oldest section of the Brantford and Norfolk county
delta.

This stage was brought to a close by ice retreat. The ice bzcked
down the Thumb of Michipan from the outermost Port Huron moraine, and
once again the waters of Saginov Bay were linked with the watcers to the

aast,

S5« Port Huron glacial substage « Paris Moraine. and Upper Lake Warren
i Firure 12,

—e e ——

The next stillstand of the ice was at the second Port Huron
moraine. This is the Bay City moraine in Michiraen and it is here
correlated with the Paris moraine in Brant County. Discharge vas once
again via the Grand River in Michigan, but the lake level is a few feet
louer than the lowest Arkona levels This is due to erosion of the channel
during the time of increased diccharge at the time when Loke Vhittlecey
was lowered., Upper Lake Viarren stood in the Erie and RBuron basins at a
height of 690',

The accompanying map shows the outline of this lake in Brant
County. The main shoreline, extending from Mew Durham to north of Paris,
is comparatively smooth, The Tillsonburg moraine forms an island archipelago
lying midway between the main shoreline and the ice front. .lony the
position of the Paris moraine alternating sections of landlaid and watcore
laeid moraine were being formed. Minor shoreline features at irrerular
heights worc formed along the lake facing side of these morainic islands,

Well developed shorcline features are found on the eastern and southeavtern
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sides of the izslonds of the Tillsonburg archipelago facing the dircctions
of mazimum fetch. Fairly good shorcline features are found to the norbh-
vest of Puris vhere also the feteh is favouraoble. ILlsewhere, hovever,
najor crosionul and constructionzal forns are lacking due to shelfered

locations and large arens of shallow water offshore.

There was major development of a nwaber of spillway channels at
this stase., Drainage from the ice front to the north passed doun the
channel now followed by the C.P.R. tracks betvecn Dumfrics and aAyr.

Just to the north of Ayr, most of the drainacge turrned and flowed south-

eagtwards towards Paris, enterinsg Umper Lake Warren three miles to the

north of Paris., The spillwey of the previous lake, following the course

of the preusent valley of the Rilver Nith westwards and then southwards

from Ayr, was probably still in operation. There is a terrace in this

spi.luay rasulting fros the base level beins lowered 48' to the new lake
P

tages This spilluway entered Upper Lake varren at the site of Cananing.

[

o]

A ninor spillway cutting througn the Tillsonburg moraine to the cact of
Richwood was also in use at this time.

The two major spillwgys show exceptionally broad valley floors
veneered with a conslderable thickness of bedded sunds and zravels.
Valley train features here indicate dirccticns of flow. Meltwater
from a considerable length of the ice front drained via these channels
eccounting for their dimensions and the thickness of derosite. 3pil:i-
uay terraces indic:ute the use of each channel during two or more lale
stages,

Depogition in Luke Varren roached its maxinum at this sta
(and in the succecding stare of liiddle Loke Varren). 8ands and grovels

fror: the spill.ayc werc degosited over a wice creca of lake floor, this
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being the sacond stage in the building of the Brantford and Norfolk

county delta. Maximum deposition took place on the lake floor betveen

the Tillsonburg moraine and the ice front. This deposition consisted
partially of spillway material and partially of outwash material from

the ice front piving rise to a great thickness of bedded sands and gravels
with a camplex bedding structurc.

Lorge areas of the Tillsonburg moraine were submerged during this
period and undervent modification due to water washing and also considerable
areas were buried, to a varying degree, by deposition of sands and gravels.
The section of the Tillsonburg moraine to the southwest of Falkland was
only a few feet below the surface of Middle L:z2ke iarren and consequently
undervent a planing action, resulting in. its present extremely level
surface., Deposition took place around the morainic islands which now
constitute this moraine between Horner Creek and the southern boundary
of Brant County.

This stage was brought to a close by further retrcat of the ice

front and a related lowering of lake level.

6. Port Huron placial substare - Gnlt Moraine and Middle Lake ‘arren
Fimure 13

The period of ice retrcat from the Bay City moraine in Michiran
and the Puris moraine in Brant County resulted in increased discharge
dowr the Grand River outlet and associated erocion and lovering of this
channel. Subsequent slight readvance of the ice front to the Tavas
noraine in Michigan and the Galt moraine in Brant County stabilized
the lake waters at €82', Thus the outlet channel had been lowered by

8' during increased discharge.
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Lake Varren a few miles to the north of Paris. Deltaic deposcits were
built up over a wide area to the south (photo 24), Just north of Paris,
a lov lying section of the Paris moraine was partially buricd bencath
beds of sand and gravel. This was the second major stage in the building
of the Brantford-Norfolk county delta. In the north, in the vicinity

of Paris, deposits arc scen to consist chiefly of current bedded gravels
vith occasional lenses of sand. The materials become progressively finer
southwards towards llorfolk county. Soil types are =zlso indicators of
this change, the gravelly Burford loam, developed on the &tratified gravel,
being replaced by sandy loams - the Dumfries sandy loam, the Fox sandy
loam, =~ over a subsoil of stratified sand with some gravel. The deltaic
deposits gradually buried the lower lying sections of the Tillsonburg,
Paris and Galt moraines,

This lake stage, and the Port Huron substare, was brought to a
close by further ice retreat. Increased discharge during the initial
retreat stages resulted in lowering of the Grand River outlet channcl
in Michigan so that the next hich lake stage to discharpge via this channel
(which was Lower Laoke Varren) stood at 675',; 7' lower than Middle Lake

Viarren.

7. Retrecat to Two Crececks Low Interval

During the initial stages of ice retreat from the Galt moraine
two spillways were cut throush this moraine carrying ice front drainage
across to the Grand River gpillway which was still in operation. It ig
believed that the ice retreated comparatively slovly at first, and thus
these spilluays were in use for a sufficiont length of time to account

for their present development..
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but in order ¢o maintain the lake at this level the ice front must have
stood on top of the escarrment and thus huave occupied a position betreen
the escarpment and the Niugara Falls moraine., Thic arbitrary position
is indicated on the accompanyins map.

The shoreline of Lake Vayne im Brant County is not indented. It
follows the eastern slope of the Paris moraine from the southern county
boundary northwards to Puoris. It then swings northeastwards to St. George
and then northwards and into North Dumfries township, and then eastwards
to ‘Vientworth County. The Galt moraine, to the south of Brantford rosec
above the lake waters to form two larsze islands which serves the purpose
of protecting the shorecline to the west from wave attack., iElsewhere
there¢ are recognizable shoreline features,

In lientworth County the shoreline is complicated by numerous
islands and promontories formed by the drumlins. Those drumlins show
exceptionally well developed shoreline features on their south and
southeast facing slopes in accordance with the direcétion of maxinum
fetch. The main shorcline is quite sheltered and shows relatively few
results of wave action.

The Grand River spilluny was once again in operation during the
cxistence of Luke %ayne, working to the lower basc level and forming
prominent spilliay terraces. The spillway carried drainage from the ice
front far to the north vhere it stood on top of the escarpment, and the
drainage entered Loke ‘Wayne in the vicinity of Paris. Further =and and
gravel deposits were at this time added to the deltaic area of southern
Brant County and MNorfolk county.

In the Beverly drurlin field sands and gr..vels carried by minox
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spillviays and outwash streams.vwere deposited around the drumlins adding
to the grivel deposits formed during the retrcat of the Port Huron ice
csheet. Ripple marked sands and gravels, exposed in the St. George gravel
it were deposited at this time.®

This stage was brought to a close by further advance of the ice
front, The eastern drainage way was blocked and outflow vias once asain

via the Grant River channel in Hichigan.

9+ 'The Valders Maximum - Nizrmara Falls Horaine and Lover Lizke urren
Firure 1k.
O b —

At the stage of maximum readvance the ice stood at the Niarara
Falls moraine in tentworth County. Lake waters rose until they became
stabilized at 675'. The Yizyne shoreline vias thus submerged resulting
in the water washed features previously described. Lower L ke Warran
transgressed into the area between the Puris and the Tillsonburg moraine
although this arm of the lake was very shallow, The Paris moraine was
partially submerged and formed ‘two large islands to the south of Paris,
The Galt moraine was almést completely submerged to the south of St. George.

In Brant County the naiﬁ shoreline was quite smooth. Good chore-
line features are developed on almost all the ea.t and southeast facing
slopes vhere the range of fetch is considerable. Once again the drumlin
archipelaso resulted in a complex shoreline in Ventworth county., The
strongest features here tend to face southeastwards or southuards. Southe
facing features are rolatively much stronser along the Lover \iarren
shoreline than along the Vayne shoreline, indicating the changing @irection
of letch related to the rcadvancin; ice front., Thus the long E3% feteh

which formcd the dominant features of the Yavne shorecline

was elin

inateq,
see pane 53 -~ fipgure 5.









CONCLUSION

The original purpose of this dissertation was to trace the
continuation of the glacial lake shorelines of northern Wentworth County
southwestwards across Brant County. The shorelines werc tentatively
identified and a chronology established for the area on this basis.

Vith regard to shoreline analysis, it is the comparisons betveen
data which are usually of greater value than the absolute data. This is
understandable since this work involves the detailed study of a relatively
small region within a much larger area for which only general information
is available for purposes of comparison,

The morphology of the Brant County moraines was studied with
reference to the elevation and location of the supposed shorelines,
and a close relationship was found between these features. Using this
as a starting point, a chronology for the area of Brant and Ventworth
Counties was developed in accordance with the glacial history of
Southern Ontario.

Shorelines mapped and only tentatively identified by previous
writers may now be identified more conclusively, The shorelines in
Wentworth County are the two lower shorelines of the series of five,
and thus are representative of Lower Lake Varren and Lake Wayne. Horton's
original tentative identification® is thus corredt in part, since he

suggested the diverging strands of Lake Varren as a possibility,

.
see pe. 12
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The beaches re:orted by Karrow® at 905' on the Galt rioraine in
northern Brant County, and at 925' on the drumlins to the south of
Cirlisle in Uentworth County are part of the Lower Lake VWarren shoreline.
Those he found at 87%' near Carlisle and at 875' near Hill;rove represent
the Lzke Wayne shoreline.

The beach identified by Putham and Chapman as representing Lake
Varren, is considerably lower than the Varren beaches identified in this
thesis.** They do not mention any higher be:-ches but express the
oprinion that this is rather hiphk for a Varren beach in this area., It
is now believed that this position is too low for the Varren beach and
therefore must represent some rore recent glacial lake staze.

Earlier writers show a similar tendency to locate the Verren and
Whittlesey beaches at low elevations. Laverett's generalized description
of the Lover Wurren beach *** could, however, correspond to the Lover
HWarren be:ch described here, but the elevations he gives are usually
below the elevations at which this beach was mapped by Horton.

It scems likely that several factors contributed to both mrroncous
tdentification and erroncous mapping of beaches by earlier writers.

The reasons given in Chapter 2**** may account for the mistaken identi-
fication of beaches. Also, the highest expected elevations for the
Vhittlesey and Varren beaches were comparatively low, and thus dis-
courajed the search for beaches at higher elcvations. Furthernore, in

past writing, various glacial lakes are thousht to h.ve extended furiher

* sec p. 12

*% sce ppse 11 and 12,
LE B

gee pe 11,

®*** see pps. 12 and 20,
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Elcevhere the densest rural settlement is found on the best agri-
cultural land of the well drained sand plain areas and in the regions of
waterlaid moraine, Setilement in the landlaid morainic areas is
comparatively sparse, whilst it ie completely absent from the regions
of forest swamp and flood plains.

In detail, farm buildings tend to be sited avbove the level of their
surrounding arca if at all possible. They are frequently located above
beach bluffs and on the edge of terraces. In landlaid morainic areas
farms have a wide dicstribution but they are invariably fouhd in cheltered
situations on the leceward side of the ridre crests.

The larger settlements are located in the earliest settled arcas
which are those regions first cleared for agriculture. In the couth-
vestern part of the uzrea, communities such as Harley, New Durhaun znd
Oaklend, located on the well drained morairnic ridges, are cxamples. In
fact, they are located where the east-weat major hijhways cross these
ridges.

Pattern of Comumunications The overall gridded road patiern has been

disrupted by a number of physical factors. The Gramd River valley Yisects
the area, and has only three bridging points within the region, these
begin at Brantford, Paris, and Glen Morris. Incicion of the River Mith,
ond to a leasser extent Horner Creek also, give rise to irregularities
in the road pattern. The road netwvork is less dense in the forest swamp
areas than olsevhere. In ccveral instances, secondary roads are found
following the crests of morainic ridges, especially in Burford Townshiy
and the adjacent parts of Brant Tounship.

The rail network shows a closer relationshir to relief than the

road nattern. To the north of liighway 5 east of Puris, there are only
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