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Foreword

This report and the accompanying maps present and discuss the characteristics and 
distribution of the materials deposited in the Stratford—Conestogo area as the result 
of glacial and associated processes which took place during the Quaternary Period. 
The location and availability of these unconsolidated materials directly affect many of 
man’s activities.

Growing concern over land use planning demands better background information 
on the geological framework in which land use, and therefore economic activity, takes 
place. The information in this report can be of direct value in locating and assessing 
mineral resources such as sand and gravel, and provides a geological data base for en
gineering, hydrogeological, waste management and planning studies. The data and in
terpretations presented herein should assist in the wise use of the available resources 
and the preservation of the environment in this relatively densely populated area.

V.G. Milne
Director

Ontario Geological Survey



Abstract

The Stratford—Conestogo area was glaciated by the Ontario—Erie lobe from the east 
and by the Huron—Georgian Bay lobe from the west, and was among the earliest areas 
in Ontario to be deglaciated. The surface varies from rolling kame moraine in the east 
to nearly level till and lake plains in the west. Overburden is up to 400 feet deep. Silu
rian shale and dolostone underlie the eastern part of the area and Devonian limestone 
and dolostone underlie the western part. Bedrock does not outcrop within the area.

The oldest widespread till sheet is the Catfish Creek Till of Nissouri Stadial age, 
which is a stratigraphic marker at the base of many valley exposures in the area. Expo
sures and subsurface occurrences of older materials are numerous in this area, and in
clude the Canning Till, as well as some interstadial deposits located near Glen Allan 
and Waterloo which are 40 000 years old or more. After the deposition of the Catfish 
Creek Till, during the Port Bruce Stade, the Ontario—Erie lobe deposited Maryhill 
Till and Port Stanley Till. At the same time, the Huron—Georgian Bay lobe deposited 
StirtonTill, Tavistock Till, Mornington Till, Stratford Till, WartburgTill and Elma Till. 
Glacial activity ceased before 13 000 years ago. During subsequent time, ice block de
pressions received slopewash sediments, organic sediments accumulated, valleys 
deepened and alluvial terraces were formed.

Quaternary deposits are the parent materials of the soils, and are therefore the 
basis of the most important industry in the area—agriculture. The deposits are 
sources of vast amounts of water and serve as foundation materials for engineering 
works, particularly in the urban areas of Kitchener—Waterloo and Stratford. The east
ern part of the Stratford-Conestogo area contains large sand and gravel reserves, 
chiefly in kames but also in important outwash gravels along the lower Nith River 
valley.

Karrow, RF. 1993. Quaternary geology, Stratford-Conestogo area; Ontario Geological Survey, 
Report 283, 104p.



Résumé

La région de Stratford—Conestogo a été recouverte par le lobe glaciaire Ontario— 
Erié à partir de l’est, et par le lobe Huron—baie Géorgienne à partir de l’ouest. Elle a 
été l’une des premières régions affectées par la retraite des glaciers. Le terrain varie 
de la moraine mamelonnée à l’est, à une surface plus nivelée à l’ouest, formée de till et 
de plaines lacustres. La couverture de dépôts glaciaires atteint une épaisseur de 400 
pieds. Le substratum rocheux est constitué de schistes argileux et de dolomies du Silu- 
rien dans la partie orientale et de calcaires et dolomies du Dévonien dans la partie 
occidentale. Le substratum n’affleure pas dans le secteur étudié.

Le till commun le plus ancien est le till de Catfish Creek datant du stade glaciaire 
de Nissouri, qui constitue une couche repère exposée dans la partie inférieure de 
nombreuses vallées du secteur. Des dépôts plus anciens sont exposés en de nombreux 
endroits et comprennent le till de Canning et certains dépôts interglaciaires que l’on 
trouve près de Glen Allan et de Waterloo; ces dépôts ont au moins 40 000 ans. Après 
l’accumulation du till de Catfish Creek pendant le stade de Port Bruce, le lobe Ontar- 
io—Erié a mis en place le till de Maryhill et de Port Stanley. Ala même époque, les tills 
de Stirton, Tavistock, Mornington, Stratford, Wartburg et d’Elma furent mis en place 
par le lobe Huron—baie Géorgienne.

L'activité glaciaire a cessé il y a plus de 13 000 ans. Avec le temps, des dépressions 
crées par la fonte de blocs de glace ont été comblées par des éboulements le long des 
pentes. Des sédiments organiques se sont accumulés, les vallées se sont encaissées et 
des terraces alluviales se sont formées.

Les dépôts quaternaires sont les matériels parentaux des sols, et représentent 
donc la base de l’industrie la plus importante dans la région: l’agriculture. Les dépôts 
glaciaires recèlent de grandes quantités d’eau et servent de matériau de fondation 
pour des travaux publics, en particulier dans les zones urbaines de Kitchener—Water- 
loo et Stratford. La partie orientale de la région de Stratford-Conestogo contient de 
grandes réserves en sable et gravier localisées surtout dans les kames mais aussi dans 
les épandages fluvio-glaciaires importants le long de la basse vallée de la rivière Nith.

Karrow, RF. 1993. Quaternary geology, Stratford-Conestogo area; Ontario Geological Survey, 
Report 283, 104p.

Cette publication est disponible en anglais seulement.
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Introduction

LOCATION, ACCESS AND ECONOMY

The Stratford—Conestogo area is located in southwest- 
ern Ontario, in a central position between lakes Huron, 
Erie and Ontario (Figure 1). The area extends over ap- 
proximately 850 square miles, and includes parts of the 
counties of Wellington, Perth and Oxford, and parts of 
the Regional Municipality of Waterloo. Bounded by 
latitudes 43’ 15'N and 43’45'N and longitudes 
80’30'W and 81’W, the area is covered at a scale of 
1:50000 by the Stratford (40 P/7) and Conestogo 
(40 P/10) sheets of the National Topographic Series.

The cities of Waterloo and Kitchener are located 
near the midpoint of the area’s eastern boundary, and 
the city of Stratford is located near the southwest cor- 
ner. Parts of the Stratford-Conestogo area are indus- 
trial; manufacturing and processing automobile parts, 
furniture, chemicals, beer, rubber and dairy products 
are particularly important activities. Most of the area is 
agricultural—typically mixed farming—with grazing 
being important in the hilly moraine areas and tobacco 
growing being important in the flat, sandy outwash 
areas in the southeast.

PREVIOUS WORK
Bedrock does not outcrop in the study area. The bed- 
rock geology of the surrounding district was mapped by 
Stauffer (1915), Williams (1919), Caley (1941) and 
Liberty and Bolton (1971), and is shown on a revised re- 
gional map prepared by Sanford (1969). Soil reports 
have been prepared for the area (Hoffman and 
Richards 1952; Wicklund and Richards 1961; Hoffman 
et al. 1963; Presant and Wicklund 1971).

Because of its high altitude, the area was not 
flooded by the large glacial lakes that occupied the 
Great Lakes basins during the recession of the last gla- 
cier. As a result, the area escaped the attention that has 
been devoted by many workers to the glacial lakes, and 
its glacial history remained largely unstudied until rela- 
tively recently. Regional treatment of glacial features 
was pioneered by Taylor (1913), who named the Milver- 
ton, Ingersoll and Waterloo moraines. More detailed 
information was provided by Chapman and Putnam 
(1984), including the identification of the Elmira and 
Easthope moraines. These workers recognized the in- 
terlobate position of the area, and that it was amongst 
the first land to be deglaciated in Ontario. Following its 
déglaciation this area was surrounded by ice of the

Figure 1. Key map showing location of the Stratford-Conestogo area; scale 1:1 584 000.
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Huron, Georgian Bay, Ontario and Erie glacial lobes. 
As a result, Taylor (1913) named it “Ontario Island”.

With an emphasis on stratigraphy, geological map- 
ping for the Ontario Geological Survey and its prede- 
cessors was done to the east in the Ham ilton-G alt 
(now Hamilton-Cambridge) and Guelph areas by 
Karrow (1963,1968b, 1987), to the south in the Brant- 
ford and Woodstock areas by Cowan (1972, 1975), to 
the north in the Orangeville and Palmerston areas by 
Cowan (1976, 1979) and Wingham—Lucknow area by 
Cowan et al. (1986), and to the west in the Seaforth area 
by Cooper et al. (1977), in the St. Marys area by Karrow 
(1977), and in the Lucan area by Sado and Vagners 
(1975). Karrow (1963) discovered multiple-till se- 
quences during the early mapping along the Grand Riv- 
er and the lower Nith River valleys, and attempted cor- 
relation with the stratigraphy of Dreimanis (1958) for 
the area south of London.

Work in the vicinity of Waterloo by Harris (1967, 
1969, 1970) resulted in a proposed stratigraphic inter- 
pretation considerably different from that of Karrow. 
Harris’ interpretations were criticized by Straw (1968) 
and Karrow (1973a).

Davies and McClymont (1962a, 1962b) compiled 
depth-to-bedrock data from well logs. Karrow and 
Sprague (1976a, 1976b) revised this work.

PRESENT WORK
This mapping project was undertaken to provide geo- 
logical background for a detailed soil survey of Water- 
loo County (now the Regional Municipality of Water- 
loo), and was funded in part by the Geological Survey of 
Canada. The east half of the county had been previous- 
ly mapped (Karrow 1963,1968b), and the two areas to 
the west (Stratford and Conestogo) were mapped in the 
summers of 1965 to 1968 to complete the coverage. A 
brief geological summary by Karrow (1971b) was in- 
cluded in the soil report for Waterloo County by Presant 
and Wickland (1971).

Field work involved examination of natural and ar- 
tificial exposures, including test pits and hand-augered 
test holes. The Canada Department of Public Works 
and the University of Waterloo drilled several test holes 
in the area from 1966 to 1969, and in the 1970s and 
1980s, respectively. Shallow seismic exploration was 
carried out in the southeastern part of the area. Infor- 
mation available from water and gas well records, and 
from foundation engineering investigations, was also 
used. The results of the mapping of the area appeared 
as annual summaries (Karrow 1966, 1967, 1968a), and 
in a preliminary report on the area (Karrow 1971a).

TOPOGRAPHY
Topographic relief is low in the plains in the western 
part of the area. Relief is moderate in the east where it 
approaches 200 feet in a few places, particularly near 
the Baden Hills and near Hawkesville adjacent to the

Conestogo River valley. Elsewhere, the surface topog- 
raphy is gently rolling or undulating to level, with local 
relief of generally less than 25 feet. Elevations range 
from 1575 feet near Alma in the northeast corner, to 
less than 900 feet near Wolverton in the southeast cor- 
ner. The major stream valleys are commonly 50 to 100 
feet deep, and locally, 150 feet deep. Some areas show 
deep dissection, but in those areas the topography is 
not young; the dissection probably took place while gla- 
cial ice was still nearby. In the western part of the area, 
particularly between Listowel and Stratford, erosion 
has been slight and extensive areas remain practically 
unmodified since déglaciation.

DRAINAGE
Over three-quarters of the area is drained by tributaries 
of the Grand River, which flows southward to Lake 
Erie. Two of the Grand River’s major tributaries—the 
Nith River and the Conestogo River—are largely with- 
in the Stratford—Conestogo area. The Nith River 
heads at an elevation of nearly 1300 feet in the till plains 
in Mornington, Wellesley and Maryborough townships, 
near the middle of the Conestogo map area. In its upper 
reaches, the gradient is about 10 feet per mile, but dimi- 
nishes to about 7 feet per mile below the community of 
Wellesley. Near Phillipsburg, the river—now with a gra- 
dient of 5 feet per mile—begins to meander as the 
valley broadens from its youthful, V-shaped cross sec- 
tion to an open, flat-bottomed cross section. Although 
intermittent constrictions occur from Phillipsburg to its 
junction with the Grand River at Paris, southeast of the 
map area, the river is generally bordered by wide ter- 
races. A major bend in the river occurs in the southeast 
corner of the area where it follows segments of former 
meltwater channels around the Ingersoll Moraine.

The important tributaries of the Nith River in the 
area are as follows: Smith Creek, which has its headwa- 
ters in the till plain in front of the Milverton Moraine 
southeast of Listowel, and has an average gradient of 
11 feet per mile; Wilmot Creek, which heads in the 
southeastern slopes of the Easthope Moraine and has 
an average gradient of 17 feet per mile; and Alder 
Creek, which is almost entirely within the Waterloo 
Moraine, heads near Petersburg, and has an average 
gradient of 20 feet per mile.

The Conestogo River enters the area near the 
centre of the northern boundary at an elevation of 
about 1312 feet, in a valley with a narrow flood plain. It 
flows southeast at an average gradient of 9 feet per 
mile, to join the Grand River at the community of Con- 
estogo at the eastern edge of the area. A conservation 
dam near Glen Allan impounds Conestogo Lake in the 
upper 6 miles of this course. Several small tributaries 
join the Conestogo River from the west, including: 
Spring Creek, which flows into Conestogo Lake; Boom- 
er Creek, which has a gradient of 15 feet per mile; and 
Martin Creek, which drops from 1225 feet at its head- 
waters to near 1050 feet at Conestogo, where it joins the 
Conestogo River.
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A description of other tributaries of the Grand Riv- 
er which drain the area follows. Canagagigue Creek 
originates west of Alma at 1450 feet, and drops at about 
30 feet per mile to leave the area east of Elmira. Laurel 
Creek begins at about 1225 feet, and flows eastward 
with an average gradient of 17 feet per mile, through 
the city of Waterloo and out of the area. Horner Creek 
flows southeastward parallel to Wilmot Creek, at a gra- 
dient of about 19 feet per mile, and leaves the area 
south of Bright. Horner Creek, Wilmot Creek and some 
other small streams trend southeastward parallel to the 
former direction of ice movement, and form an area of 
parallel drainage between Tavistock and New Ham- 
burg.

As the area is geomorphically youthful, most of the 
streams have no, or only narrow flood plains, and sever- 
al are underfit. The Thames River and Trout Creek (a 
tributary of the North Thames River) are underfit 
streams which rise west of Tavistock and which, upon 
entering the same glacial meltwater channel, flow slug- 
gishly in opposite directions. Drainage from the 
Thames River ultimately enters Lake St. Clair. Wild- 
wood Dam (near St. Marys) dams Trout Creek to form 
Wildwood Lake, which is partially located in the south- 
western corner of the area. The Avon River flows west- 
ward at a gradient of 9 feet per mile to leave the area at 
Stratford, eventually entering the North Thames River 
north of St. Marys.

The northwest corner of the area is drained by the 
Middle Maitland River and some of its small tribu- 
taries. The Middle Maitland River heads just north of 
the area. As an underfit stream, it follows a meltwater 
channel for several miles east of Listowel, passes 
through Listowel, and then flows west out of the area at 
a gradient of 10 feet per mile and ultimately into Lake 
Huron at Goderich.

Small lakes and ponds occur commonly in, and near 
the Waterloo Moraine. Some normally dry depressions 
are subject to intermittent or seasonal flooding which 
takes place during spring melt or heavy summer precip- 
itation. Seasonal ponds are located along Erb Street 
west of Waterloo. Permanent lakes include Hofstetter 
Lake south of Petersburg, Sunfish Lake west of Erbs- 
ville, and Paradise Lake northeast of Bamberg. At the 
eastern edge of the area a small kettle lake is preserved 
in an urban environment in Lakeside Park, Kitchener; 
conservationists have tried to preserve it in the face of 
growing pressure from the surrounding city. Spongy 
Lake (near Baden) is in transition, and in dry years 
large areas of bottom sediments are exposed. 
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Bedrock does not outcrop within the area and so the in- 
terpretation of its stratigraphy is based on exposures 
outside of the area, and on subsurface information such 
as that provided by gas and water well records. The 
summary given below is based on Caley (1941), Liberty 
and Bolton (1971) and Sanford (1969).

SILURIAN
The oldest Paleozoic bedrock directly subcropping in 
the area is the Salina Formation, of Silurian age, which 
consists of some 400 to 600 feet of interbedded grey to 
green shale, mudstone, brown dolostone, gypsum and 
salt. Small exposures are found at Paris (southeast of 
the area) and near Ayton (northwest of the area). Site 
investigation boreholes for the Conestogo Dam en- 
countered this formation about 10 feet under the Con- 
estogo River, which is the closest bedrock is to the sur- 
face in the area. The Salina Formation is believed to un- 
derlie almost two-thirds of the Stratford-Conestogo 
area, mainly to the east of a line through Bright and 
Hesson.

The Bass Islands Formation overlies, and forms a 
narrow subcrop belt along the western edge of the Sali- 
na Formation. It consists of buff to brown, thin- to

medium-bedded dolostone, and is exposed just south of 
the area near Innerkip. It is about 100 feet thick in this 
area, but like the Salina Formation, it apparently thick- 
ens northwestward. However, because of a disconform- 
able relationship with overlying Devonian rocks, its 
thickness varies locally.

DEVONIAN
The oldest Devonian rocks in the Stratford—Conesto- 
go area are cherty, grey to brown, fossiliferous lime- 
stones of the Bois Blanc Formation. This formation 
subcrops in a belt 6 to 8 miles wide in the western part of 
the area. It caps the Onondaga Escarpment, which is 
generally buried inland from the Great Lakes. The Bois 
Blanc Formation, which is about 150 feet thick, is ex- 
posed at Innerkip, south of the area.

The youngest bedrock in the area consists of sever- 
al hundred feet of brown limestone and dolostone of 
the Detroit River Group of Devonian age. These rocks 
underlie a narrow belt along the western edge of the 
area. The Detroit River Group is exposed to the south 
between Ingersoll and Woodstock, and to the west in 
quarries at St. Marys.
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QUATERNARY

Geomorphology

BEDROCK TOPOGRAPHY
Karrow and Sprague (1976a, 1976b) prepared maps of 
the bedrock topography, and a simplified version is 
shown in Figure 2. The bedrock surface roughly follows 
the present surface. It ranges from an altitude of ap- 
proximately 1275 feet in the north-central part of the 
area to a low of about 750 feet near Wolverton in the 
southeastern corner. Over extensive areas, particularly 
in the west, the bedrock surface is flat or gently sloping. 
In general, it slopes gradually to the south.

The outstanding feature of the bedrock surface is 
the 200-foot deep, buried valley that trends southeast 
past Milverton and Wellesley. From there, a branch of 
the valley trends east toward Kitchener and another 
branch trends south by Baden. The branches rejoin 
south of Kitchener, and continue southeast toward 
Dundas. Karrow (1973b) shows this valley continuing 
southeast as the Dundas Buried Valley, and northwest 
to Lake Huron as the Wingham Buried Valley. Its origin 
and history, like those of other buried valleys in the re- 
gion, are unknown. The drainage divide in the valley is 
probably west of Milverton. The valley has probably un- 
dergone some glacial scouring because the direction of 
the last ice movement paralleled it as far southeast as 
Wellesley. Other large depressions of 100 to 150 feet oc- 
cur along buried valleys near Alma, Elmira and Baden.

Complex bedrock valley systems occur between 
Alma and the Conestogo River, and between Elmira 
and St. Clements. Little is known about the relation- 
ships between the valleys. The Salina Formation, which 
underlies that part of the area, may be partly the source 
of the complexity; karst collapse in the Salina Forma- 
tion has often been blamed for bedrock surface irregu- 
larities (Thomas et al. 1973).

The Onondaga Escarpment, prominent in the Ni- 
agara Peninsula, is completely buried and has not been 
traced through the Stratford—Conestogo area. It prob- 
ably extends from south of Bright (Ferguson 1976) 
northward to west of Baden. It does not seem to be 
present north of Wellesley. Seismic studies in the east- 
ern part of the Stratford map area failed to locate it.

DRIFT THICKNESS
The Stratford-Conestogo area is underlain by some of 
the thickest drift in southwestern Ontario (Karrow 
1973b). Within the area the drift is thickest in the Wa
terloo Moraine, where high surface ridges coincide 
with the north branch of the Dundas Buried Valley, re
sulting in a drift thickness of more than 400 feet. The

thick drift continues northward along the Elmira Mo- 
raine toward Alma, with thicknesses over the buried 
valleys exceeding 300 feet. Away from the valleys, the 
drift is generally about 200 feet thick.

In the Easthope Moraine, the drift is 200 to 250 feet 
thick. The thinnest drift, which is about 10 feet thick, is 
found at the base of the Conestogo Dam in the bottom 
of the Conestogo River valley.

SURFACE FORMS
The landforms of the area are poorly developed and 
rather unimpressive because of several factors. Much of 
the area was overridden by glacial sub-lobes which were 
near their outermost extent. Presumably thin, the ice 
deposited little drift and lacked the energy to scour 
deeply or to remould underlying deposits. Therefore, 
the pre-existing surficial topography often controlled 
the resulting form of the surface materials. Over exten- 
sive areas, but particularly in the large kame moraine 
tracts of the Easthope, Waterloo and Elmira moraines, 
the surface is a complex combination of two or more 
generations of topographic form. Widespread dissec- 
tion of parts of the kame moraines by meltwaters in- 
creased the complexity, though the effects of this have 
become subdued with time.

In contrast, west of the kame moraines level till 
plains and subdued end moraines occur. The glacial 
landforms were formed of clayey drift, resulting in low 
slopes and subdued forms. In addition, the ice com- 
monly bordered shallow, temporary ponds which modi- 
fied the landforms through wave action and through 
filling depressions with lacustrine silt.

As far as is known, bedrock topography has had 
little influence on the smaller landforms, which owe 
their origin primarily to glacial and associated pro- 
cesses.

PALIMPSEST MORAINES
Old landforms are often difficult to recognize because 
of the obscuring effects of subsequent geological 
events. Nevertheless, in the Stratford—Conestogo area 
there is abundant evidence of older landforms which 
have only been partially obscured, and which affect the 
present assemblage of landforms. The term palimpsest 
(White 1962) is applied here to any landforms—includ- 
ing moraines—which reflect earlier geological events. 
The most important palimpsest features of the area are 
the large kame moraines—the Waterloo, Elmira and 
Easthope moraines. The origin of these features is ob- 
scure.

The Waterloo Moraine, named by Taylor (1913), is 
an irregular tract of hummocky to steeply rolling 
ground extending from St. Clements in the north to 
New Dundee in the south, with a further extension 
southeastward into the adjoining Cambridge map area.
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Figure 2. Generalized bedrock topography of the Stratford-Conestogo area. Contour interval 50 feet (15 m).
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The moraine apparently has a core of fine sand or sand 
and gravel, extensively capped by fine tills. Its elevation 
drops southeastward from about 1250 feet to about 
1150 feet. The moraine is most rugged near Mannheim, 
Petersburg, and west of Erbsville, where it is up to 
150 feet high. Relief of 75 to 100 feet is found near New 
Dundee and St. Agatha. Knobs of material about 
50 feet high are present over extensive areas.

Although generally irregular in detail, the moraine 
includes certain lesser topographic elements. Major 
ridges extending southeast, west of Kitchener, probably 
represent former ice margins. Three minor, hum- 
mocky, till ridges that cross the east end of the Baden 
Hills appear to follow the eastern edge of part of the 
Maryhill Till (Karrow 1974) sheet. A meltwater chan- 
nel, which appears to have carried water both northwest 
and southeast from near Petersburg, separates these 
ridges from a hummocky moraine that apparently was 
overridden by ice from the east. Spongy Lake, a large 
kettle lake north of the Baden Hills, originated as a 
trapped ice block overridden by the ice that deposited 
the Maryhill Till. The melting of the ice block left a ring 
of clay till around the edge of the kettle hole. The un- 
derlying sand in which the ice block was trapped is ex- 
posed below the till (Figure 3).

Figure 3. Hypothetical evolution of Spongy Lake.

A belt extending southwest from New Dundee, re- 
ferred to informally here as the Washington spur, seems 
to be a late addition to the edge of the Waterloo Mo- 
raine complex. Another projection of the Waterloo 
Moraine, referred to informally here as the Phillips- 
burg spur, extends west to join the Easthope Moraine 
(Chapman and Putnam 1951). A prominent kame 
ridge, which trends northwest to form the informally 
named Crosshill spur, was modified by a later advance 
of the ice that formed the Macton Moraine along the 
northwest edge of the Waterloo Moraine. Some conti- 
nuity with the Elmira Moraine (Chapman and Putnam 
1951) is provided by the informally named Hawkesville 
spur—a gravel ridge which trends north from Heidel- 
berg and which has ice-contact slopes on both sides.

Because of the complexity and thickness of the de- 
posits forming the Waterloo Moraine, its origin has not 
yet been determined. Most exposures within the mo- 
raine are shallow and reveal little of its stratigraphy, 
with the exception of some large gravel pits such as 
those near Mannheim. Much of the older core remains 
concealed. The numerous outliers of till on the moraine 
surface, and the pattern of dissection that isolated 
them, indicate strong meltwater action during ice front 
retreat.

The Elmira Moraine, named by Chapman and Put- 
nam (1951) but earlier shown by Taylor (1913), is much 
smaller in extent than the Waterloo Moraine. It can be 
divided into northern and southern parts. The southern 
part is a low ridge of Tavistock Till (Karrow 1974) with a 
sand core. The ridge trend is convex to the west, and 
continues the trend of the Hawkesville spur of the Wa- 
terloo Moraine. The northern part is a till-capped, 
nearly triangular, hummocky mass of sand that trends 
northward toward Alma. This portion of the Elmira 
Moraine resembles the Waterloo Moraine, with a 
height of 75 to 100 feet and crest elevations of nearly 
1400 feet. The capping till is Tavistock Till, which ex- 
tends southward into the Waterloo Moraine.

The north end of the Elmira Moraine is mainly 
kame gravel, which becomes more deeply buried by till 
to the northeast. Apparently the ice lay principally to 
the east, as suggested by the westward convexity of the 
low ridge southwest of Elmira and the re-entrant-filling 
form of the northern portion. As silty Tavistock Till sim- 
ply mantles the surface of the moraine and does not 
form it, the moraine must have been formed at an earli- 
er time, probably by the glacier that put down the un- 
derlying Maryhill Till (Karrow 1974).

The large amount of calcite in the sands of the El- 
mira Moraine led Chapman and Dell (1963) to suggest 
that meltwater transported the sand from northeast of 
the area, beyond the Niagara Escarpment.

Another small tract of overridden, hummocky 
kames occurs in the northeast corner of the area be- 
tween Goldstone and Alma. These kames may be re- 
lated to the Elmira Moraine, but more likely form a sep- 
arate feature.
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The third major kame moraine, also named by 
Chapman and Putnam (1951), is the Easthope Mo- 
raine. Taylor (1913) also showed the location of this fea- 
ture, but did not name or discuss it. It includes an irreg- 
ular tract of hummocky topography west of the Nith 
River and south of Wellesley. The largest and most 
rugged part of the moraine is southeast of Amulree, 
where it is up to 150 feet high. The highest hills reach an 
elevation of 1350 feet. Steep-sided, gravel kames are 
particularly numerous and prominent. Capped by 
sandy to clayey undifferentiated tills, and cored by sand 
and gravel, the origin of this moraine is just as obscure 
as that of the Waterloo Moraine.

A prominent northeast-trending valley located 
northwest of Amulree—apparently a meltwater chan- 
nel—has separated a small segment of this moraine 
from the main body. The sand and gravel core of the 
moraine seems to continue southwest, east of Stratford, 
and becomes prominent again in the southwest corner 
of the area. There the kame sands and gravels are 
capped by silty Tavistock Till and probably underlain by 
the sandy Catfish Creek Till (de Vries and Dreimanis 
1960). A correlation with the Easthope Moraine cannot 
presently be established. Southwestward, beyond the 
map area, this segment probably connects with the 
Lakeside Moraine of Chapman and Putnam (1951).

Several other smaller moraines located in the 
Stratford-Conestogo area are also palimpsest fea- 
tures. These include a small tract of kame moraine 
north of Wellesley, which is referred to as the Wellesley 
Moraine (Karrow 1971c). A north-trending feature, it 
resembles the Crosshill spur of the Waterloo Moraine 
and may be related to it.

A short portion of the Ingersoll Moraine of Taylor 
(1913) is present in the southeast corner of the area. It 
trends northeast, just north of Wolverton. This moraine 
is about 75 feet high, and crests at about 1050 feet asl. It 
has a core of ice-contact sand and some gravel, and a 
cap of the Port Stanley Till (de Vries and Dreimanis 
1960; Karrow 1974) which extends beyond the moraine; 
at this location the moraine is a palimpsest feature. This 
association of materials continues east into the Cam- 
bridge map area (Karrow 1963,1987). The glaciofluvial 
materials of the core may have originated during the ice 
advance that deposited the Catfish Creek Till (which 
preceded the advance which deposited the till cap). 
This moraine parallels the Washington spur of the Wa- 
terloo Moraine (referred to previously), has similar 
structure and form, and is probably of similar age. How- 
ever, whereas the Washington spur becomes patchy and 
discontinuous in the Woodstock area to the south, the 
Ingersoll Moraine is one of the major end moraines of 
the Erie lobe, forming the outermost ice-marginal posi- 
tion traceable from the community of Ayr in the adjoin- 
ing map area to the east (NTS 40 P/8) to London in the 
west (NTS 401/14).

The Milverton Moraine (Taylor 1913) is generallya 
subdued, 50-foot high, till ridge, that extends from 
southeast of Listowel to the west edge of the Stratford -

Conestogo area, north of Stratford. In that distance, it 
drops from 1350 feet to 1250 feet asl. Through most of 
the area as far south as Brunner, the younger, silty Elma 
Till (Karrow 1974) overlaps clay Wartburg Till (Karrow 
1977). The Wartburg Till is the surface till of the mo- 
raine south of that point. The degree to which the to- 
pography of the northern portion of the moraine is in- 
herited from the underlying Wartburg Till is uncertain. 
The moraine is believed to be partly palimpsest, but at 
least part of the topography is formed by the Elma Till. 
The Milverton Moraine is among the outermost and 
the oldest moraines formed from the west by the Huron 
ice lobe. From Listowel to Brunner, it marks the eastern 
margin of the Elma Till deposited during the last ad- 
vance of the Georgian Bay ice lobe in the area.

Between Tavistock and the Milverton Moraine, 
many low till ridges trend northeast, or approximately 
normal to the direction of the ice flow indicated by till 
fabric. This group of small moraines, most of which are 
inferred to be palimpsest, is here named the Gads Hill 
Moraines after a village located on the crest of the most 
prominent ridge. Two tills are associated with the Gads 
Hill Moraines. It is inferred that the older, clayey silt 
Tavistock Till forms the ridges, whereas the younger, 
thin, sandy silt Stratford Till (Karrow 1974) simply 
mantles them, but stratigraphic evidence for this is lack- 
ing. The outer limit of the Stratford Till lies approxi- 
mately 3 miles northwest of fhe outermost till ridge. 
These ridges are interpreted as small end moraines; if 
so, they represent some 20 ice-marginal positions. The 
ridges have been mapped westward into the St. Marys 
area (Karrow 1977). On airphotos most are subdued, 
appearing as light-toned, mottled, elongate areas; on 
the ground they appear as slight rises in otherwise flat, 
lacustrine sediments. Most of the ridges formed while 
the ice stood in shallow, proglacial ponds, and lake silts 
filled the low areas between them.

Numerous small palimpsest features have been 
noted in the area. These include: patches of outwash 
gravel capped by thin, Port Stanley Till, north of Water- 
loo; small areas of hummocky ice-contact sand, that are 
locally capped by Tavistock Till northeast and south- 
west of Tavistock; and knolls of ice-contact gravel cov- 
ered by Stratford Till over Tavistock Till south of Strat- 
ford, or covered by Tavistock Till south of Listowel. The 
palimpsest features in the vicinity of Stratford and Tavi- 
stock may well be related to the Catfish Creek Till, but 
the others are probably younger.

OTHER END MORAINES
Other end moraines, which are believed not to be pa- 
limpsest, are described below.

Abelt of hummocky topography, about 8 miles long 
and 1 to 2 miles wide, trends southeastward from the 
Easthope Moraine, west of New Hamburg, through 
Punkeydoodles Corners and Chesterfield, then trends 
southwestward by Ra tho and out of the area. From New 
Hamburg to Chesterfield the belt parallels the direc- 
tion of the last ice movement, and does not coincide



Stratford—Conestogo Area

with any known till sheet margin. However, in the Ra- 
tho area it forms a distinct frontal plateau at the margin 
of the Tavistock Till. Elevations north of the till margin 
are about 50 feet above the 1000-foot level prevalent to 
the south. The north limb of the hummocky belt paral- 
lels the eastern margin of the Tavistock Till, but is about 
3 miles west of it. For easy reference, the hummocky 
belt is here named the Chesterfield Moraine. As far as 
is known, the Chesterfield Moraine is the outermost 
moraine of the Huron—Georgian Bay lobe.

The Macton Moraine (Karrow 1968a, 1971a) is a 
belt of low hummocky topography, 1 to 4 miles wide, 
that starts abruptly at the north end of the Milverton 
Moraine (southeast of Listowel), curves convexly east- 
ward by Glen Allan and Macton, and passes between 
Linwood and Hawkesville. The course of the moraine 
southward from where it merges with the northwestern 
edge of the Waterloo Moraine is uncertain. It may con- 
tinue southeast of Wellesley as a similar, hummocky 
belt which trends southwestward north of Phillipsburg 
to disappear into the Easthope Moraine. The Macton 
Moraine is formed of Momington Till (Karrow 1974), 
and from Glen Allan to Hawkesville it coincides with 
the eastern margin of this till. Elsewhere, its relation- 
ships to till sheet margins are obscure. The Macton Mo- 
raine is the second oldest moraine in the Huron—Geor- 
gian Bay lobe moraine sequence.

The youngest moraines of the Georgian Bay lobe 
range from narrow belts of hummocky topography ar- 
ranged en échelon to the Milverton Moraine, to minor 
ridges barely visible in airphotos. They lie approximate- 
ly perpendicular to the ice flow direction indicated by 
esker trends, till fabrics and flutings. Seven ice-margin- 
al features have been distinguished between the Mil- 
verton Moraine and Listowel. These features, along 
with the Gads Hill Moraines, almost certainly represent 
brief pauses during ice retreat.

A comparison of the ice margins defined by these 
minor moraines with fluting^, till fabrics and esker 
trends in the area indicated that the direction of ice 
flow was not necessarily normal to the larger moraines. 
The minor moraines do trend perpendicular to inferred 
ice movement direction, but the Milverton Moraine 
trends from nearly parallel to about 45 ’ from the direc- 
tion of movement of the last ice that reached it. The di- 
rection of flow for the ice that formed the WartburgTill 
core is unknown, but the younger Elma Till was added 
to the Milverton Moraine in a position more nearly lat- 
eral to the lobe margin.

FLUTINGS AND DRUMLINS

Shallow grooves, or flutings, formed by ice movement 
across till plains near the northern and southern edges 
of the area, are evident on airphotos (Photo 1). They 
commonly have a relief of less than 5 feet and are rarely 
evident on the ground. Those in the north are best de- 
veloped, and locally control small streams. The flutings 
trend south-southeast and reflect the movement of the

Georgian Bay lobe. They cross 3 different till sheets 
near Conestogo Lake, suggesting perhaps that the ice 
advanced beyond the area of deposition of its till sheet, 
or that the direction of movement of the glaciers that 
deposited the various tills coincided.

In the northwest near Listowel, at the outer edge of 
the Teeswater drumlin field (Chapman and Putnam 
1966), the flutings grade into higher elongate ridges. 
Only one feature can be identified as a drumlin within 
the report area, but less well-defined drumlinoid fea- 
tures occur near Listowel. These features are up to 
25 feet high. There is a clear association here, as in oth- 
er parts of Ontario (Karrow 1963, 1981), between 
drumlins and coarse till, and between flutings and fine 
till; the till near Listowel (Elma Till) is sandy whereas 
the tills near Conestogo Lake are clayey (Momington 
Till) and silty (Tavistock Till).

Scattered flutings found south of Tavistock and 
near Ratho are generally associated with the Tavistock 
Till. The flutings trend southeast (indicating that the 
ice moved in that direction) and extend south into the 
Woodstock area (Cowan 1975). An inlier of Catfish 
Creek Till east of Maplewood also shows flutings in the 
same direction. In this location, the older till surface 
was simply scored by the ice of the later advance, and no 
further deposition took place. South of the area, the 
flutings pass into the Woodstock drumlin field (Chap- 
man and Putnam 1966); the drumlins there are formed 
of Catfish Creek Till with a veneer of Tavistock Till.

TILL PLAIN
Undulating, rather featureless till plains are found 
southeast and north of Elmira, east of the Milverton 
Moraine near Millbank, west of the Milverton Mo- 
raine, south of Tavistock and southeast of New Ham- 
burg.

Airphotos show north-trending, low ridges on the 
Momington Till north of Millbank (Photo 2). These are 
presumed to have formed along the margin of ice that 
was retreating west from the Macton Moraine. The 
ridges are too small to map at the present map scale.

These plains contain numerous silt-filled depres- 
sions that are also too small to map, particularly in the 
western part of the area. The silt was deposited in ponds 
during glacial retreat.

PERIGLACIAL FEATURES
Morgan (1972) noted the presence of fossil ice-wedge 
polygons on thecoarse Port Stanley Till east o f Kitchen- 
er, and on some of the other till sheets which extend 
into the area (Morgan 1982). Such features are best 
seen on large-scale airphotos taken at times of suitable 
soil moisture and vegetation type and growth. Although 
Morgan’s work indicates that subsurface evidence of 
frost effect could be expected to occur in parts of the re- 
port area, none were observed on the airphotos used 
during the mapping of the Stratford—Conestogo area. 
However, features resembling frost wedges were
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Photo 1. Fluted till plain near Conestogo Lake.

observed on fresh roadcuts in the coarse Elma Till along 
Highway 23 southwest of Listowel. No other evidence 
for former periglacial conditions has been noted in the 
report area.

KAMES

Apart from the large kame moraines already described, 
individual kames and small groups of kames are wide- 
spread. Some, believed to be palimpsest, have already 
been described.

The Baden Hills (Chapman and Putnam 1966) is 
the most prominent group of kames in southern Ontar- 
io (Photo 3). With a height of 200 feet, they are visible 
for several miles from all directions, but are particularly 
outstanding from the west. The kames have long served 
as a landmark for travellers. There are 4 main knolls in 
the group. The highest knoll is in the east and it reaches 
an elevation of 1425 feet. The other 3 knolls rise to 1370 
feet. The knolls are aligned east-northeast in a slightly 
arcuate arrangement, concave to the north. A broad, 
hummocky, gravel ridge, possibly an esker, forms an ex- 
tension westward from the kames for another mile.
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Photo 2. Ridge pattern on till plain south of Dorking.

Individually, the hills are symmetrical cones, and 
appear to be typical moulin kames. Harris (1970) sug- 
gested that the whole group might be a beaded esker. If 
so, the hills mark pauses during retreat of the ice mar- 
gin, at intervals of about 1000 feet. Support for this hy- 
pothesis is provided by the small end moraines, pre- 
viously discussed, that trend northwest near the east 
end of the Baden Hills, or perpendicular to the trend of 
the hills. The spacing of the moraine ridges is 2 to 3 
times that of the Baden Hills, but they do suggest peri- 
odic pauses in the retreat of the ice front. Although

deep exposures are lacking, the hills are apparently 
composed of mainly sand (Photo 4), with gravel on their 
south flank. On the northwest flank, Maryhill Till un- 
derlies the sand, but whether the surface sand is simply 
a slopewash deposit or whether the till actually passes 
beneath the hills is not known. Without more subsur- 
face information, the age, structure and composition of 
the Baden Hills remains uncertain.

Numerous small, steep kames composed of sand 
and gravel occur in the southwestern limb of the
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Photo 3. Panorama of the north flank of the Baden Hills, looking east from Baden.

Photo 4. Panorama of a Baden Hills roadcut (south of Baden) exposing mainly sand.

Macton Moraine and continue into the Easthope Mo- 
raine between Josephsburg and Shakespeare. Several 
are 75 feet high. Some have been deeply excavated for 
aggregate, so their internal structure is revealed. The 
pits reveal poorly sorted sediment with disturbed bed- 
ding (Photo 5), and the hills appear to be typical kames 
in all respects. They are presumed to have formed by 
meltwater depositing sediment near the edge of the gla- 
cier.

Steep faces of water-laid sediment are closely asso- 
ciated with kames and kame moraines, and are shown 
on the map as ice-contact slopes. These faces are be- 
lieved to indicate the shape of segments of the glacier 
margin during periods of ice stagnation and active gla- 
ciofluvial deposition at the ice margin. After the ice 
melted, the sediment slumped to its natural angle of re- 
pose, which is close to that of sand and gravel.

KETTLES
Kettles, or closed ice-block depressions, are particular- 
ly common in the kame moraines. Many of the kettles 
contain kettle lakes. Spongy Lake, just north of the Ba- 
den Hills, was described earlier (see “Figure 3” and 
“Frontispiece”). It is deeply inset into a till plain, and 
has steep walls. In dry summers the water level lowers 
enough to expose bottom oozes and vegetation.

Other kettle lakes in the Waterloo Moraine include 
Hoffstetter Lake, Paradise Lake and Sunfish Lake.The 
latter, although less than OJ of a square mile in area, is 
about 70 feet deep (Sreenivasa and Duthie 1973).

Dry kettles, which in many cases formerly con- 
tained ponds, are common near Crosshill, St. Clements, 
St. Agatha, Petersburg and Washington. Some of these 
have become partly filled by colluvium and vegetative 
growth, and have formed peat bogs.
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Photo 5. Pit in kame gravel east of Amulree. The pit face reveals poor- 
ly sorted sediment with disturbed bedding, which is typical of the 
small, steep kames found in parts of the Easthope Moraine. Photo 6. Pit in one of the eskers northwest of Wyandot. The esker 

rises more than 25 feet above the nearby fluted till plain. Approxi- 
mate scale is shown by person (indicated by arrow).

ESKERS

Although not a region noted for eskers, these sinuous 
ridges of sand and gravel are found in several parts of 
the area. Most of them are associated with the silty to 
sandy till sheets of the Georgian Bay lobe and trend 
south-southeast, approximately parallel to former ice 
movement. Most are small, and only a few have been 
previously mapped. Eskers are generally considered to 
indicate glacial stagnation. The occurrence of groups of 
parallel eskers suggests uniform conditions over the 
area in which they occur.

The longest esker in the area is the Atwood Esker, 
which has been previously mapped in the Seaforth map 
area, southwest of Listowel, by Chapman and Putnam 
(1966, 1984) and Cooper et al. (1977). The esker has 
been traced as far as 2 miles southwest of Milverton in 
the Conestogo map area, where it disappears into the 
Milverton Moraine. It has given rise to the name of 
Gravel Ridge Road, a township road which crosses it, 
and to a local association, the Gravel Ridge Women’s 
Institute. The Atwood Esker is but one of several paral- 
lel eskers found west of the Milverton Moraine. Most of 
these eskers are small and discontinuous, and the seg- 
ments occupy less than half of the distance over which 
the eskers can be traced. Some ridge segments are con- 
nected by shallow channels, barely visible on airphotos, 
that probably were eroded by subglacial streams. South 
of Listowel, 4 of these eskers are equally spaced, about 
1 mile apart. A fifth, more sinuous and continuous esk- 
er, is found 1 mile east of Listowel. A similar esker 
group, with similar spacing, was noted near Freelton in 
the Cambridge map area (Karrow 1963, 1987).

Another 2 eskers, about 1 mile apart, are found 
northwest of Wyandot. These arc the highest eskers in 
the area, and rise more than 25 feet above the nearby, 
fluted till plain (Photo 6). These eskers enlarge where 
minor moraines cross them perpendicularly. These en- 
largements, or kame knolls, indicate where subglacial

streams debouched from an ice margin that was station- 
ary long enough to form the small moraines.

All the eskers described above are associated with 
the silty to sandy Elma Till of the Georgian Bay lobe. 
The following discussion centres on eskers associated 
with the Tavistock Till. A hummocky esker ridge,
4 miles long, occurs south of Goldstone, northwest of 
the Elmira Moraine. It is extensively capped by Tavi- 
stock Till of Georgian Bay lobe origin and presumed to 
be of the same age as the esker. The course of the esker 
parallels both the fluting trends to the northwest and 
the fabric of the nearby till. A short esker ridge occurs at 
the north edge of Elmira, and other esker fragments oc- 
cur between St. Jacobs and the Hawkesville kame mo- 
raine spur. A low, gravel, esker ridge with similar trend 
ends in Waterloo at the Beechwood kame. Other short 
eskers parallel Wilmot Creek southeast of Punkey- 
doodles Corners. A short segment of the St. Marys esk- 
er crosses the southwest corner of the area; evidence 
from the St. Marys area suggests it too is associated with 
the Tavistock Till (Karrow 1977). The St. Marys esker 
extends from the North Thames River, north of the 
town of St. Marys, beyond the south edge of the Strat- 
ford map area.

Ontario lobe ice gave rise to 3 eskers between Wa- 
terloo and Elmira. The southernmost, and largest esker 
ends at a small group of kames south of the Conestogo 
River. The northern two eskers are commonly less than
5 feet high, but still clearly visible from the air. These 
eskers trend west-northwest and are associated with 
Port Stanley Till derived from the east.

OUTWASH PLAINS AND TERRACES
Generally speaking, outwash is not common in the map 
area, but in places, meltwater did deposit sand and 
gravel in nearly level plains and terraces. Most of the 
outwash is associated with the last phases of the Ontar- 
io lobe which deposited sandy to silty Port Stanley Till.
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Outwash features are rare where the Huron and Geor- 
gian Bay lobes were active. With increasing distance 
from the ice front, the outwash shows less disturbance 
from glacier thrusting and ice collapse. Most of the out- 
wash terraces still display evidence of stream erosion 
and deposition, such as scarps, bars and channels, some 
of which are indicated on Maps 2558 and 2559 (see 
“Back Pocket”).

The most extensive outwash deposit is located in 
the southeast near the Nith River. There, sand and 
gravel carried from the northwest by the Nith River, 
from the north by Alder Creek, and especially from the 
northeast along Cedar Creek valley (located in adjoin- 
ing NTS Map 40 P/8), coalesced to form an outwash 
plain 1 to 2 miles wide. Most of the lower Nith River 
valley outwash was deposited while ice blocked the 
Grand River south of Cambridge, which forced the 
meltwater from the upper Grand and Speed river val
leys to flow southwest down the Cedar Creek channel, 
along the Nith River valley, and hence southwest to the 
Thames River valley and toward Lake St. Clair.

Other outwash along the lower Nith River had a 
more local origin, including a deposit some 2 miles 
north of Wolverton (Figure 4). While the ice front stood 
at the Ingersoll Moraine, a kame terrace was formed 
between it and the moraine crest. When the meltwater 
broke through the moraine, it formed an outwash de- 
posit 0.5 mile wide, sloping northwest to the Nith River 
valley. The ice retreated from the Ingersoll Moraine, 
but while it still blocked the Grand River valley the 
meltwaters found a lower course behind the moraine 
and deposited additional outwash nearer Wolverton at 
an elevation of about 950 feet. At this time, the meltwa- 
ter probably flowed southeast to glacial lakes in the Erie 
basin.

Along the upper Nith River valley, outwash is 
found only in small terraces near Millbank and Welles- 
ley. Farther downstream, wide gravel terraces are pres- 
ent from Phillipsburg south to the outwash east of 
Plattsville already described. Much of New Hamburg 
and Plattsville are built on these terraces. The more 
prominent outwash terraces lie south of the boundary 
between the high land north of Phillipsburg, and the 
broadly flaring or basin-like country to the south where 
the river has not incised as deeply and has received 
more fill.

Smaller, but still prominent terraces are found 
along the lower Conestogo River valley near St. Jacobs 
and Conestogo. They lie at several levels east of the El- 
mira and Waterloo moraines, and are spread broadly on 
both sides of the river. Other outwash occurs east of El- 
mira where a large meltwater channel trends southwest 
to the Conestogo River valley near St. Jacobs. North of 
Canagagigue Creek, outwash gravel forms the channel 
floor, but where the valley narrows to the southwest, it is 
floored by sand, silt and peat. This outwash was depos- 
ited when ice blocked part of the Grand River valley to 
the east.

An outwash deposit near North Woolwich, north of 
Elmira along a major tributary of Canagagigue Creek, 
was formed at a broadening of the valley. The only out- 
wash in the upper Conestogo River valley is found in 
the small terraces northeast of Macton and at the north 
end of Conestogo Lake. Also, at times of low water lev- 
els in Conestogo Lake, the meander cores above the 
dam are seen to be bordered locally by gravel terraces.

MELTWATER CHANNELS AND
SPILLWAYS
Meltwater channels and spillways are valleys that were 
cut during the retreat of the ice front. Some have been 
mentioned during the discussion of drainage and out- 
wash features. All the meltwater channels were called 
spillways by Chapman and Putnam (1966,1984), but in 
this report, the term spillway is restricted to overflow or 
outlet channels from glacial lakes (Bates and Jackson 
1987).

Many of these valleys (e.g., the Conestogo River 
valley) formerly carried large meltwater streams which 
began to form during the retreat of the Huron and 
Georgian Bay lobes. In the northwest part of the report 
area, Spring Creek received drainage from the upper 
Maitland River valley via a short, abandoned valley lo- 
cated 2 miles northwest of Wyandot. The valley is now 
floored by an outwash gravel deposit. At that time, the 
retreating glacier apparently blocked drainage toward 
the north or west. What was the lower segment of 
Spring Creek is now the west arm of Conestogo Lake. If 
the lake level were to rise 25 feet, flow would change 
from the Conestogo River drainage toward Lake Erie, 
to drainage to Lake Huron via the abandoned meltwa- 
ter channel and the Maitland River valley.

A locally important meltwater channel, which 
heads southeast of Alma in the northeast corner of the 
area, is followed by Carroll Creek southwestward to the 
outwash found near North Woolwich. Some of the 
meltwater which flowed in this channel travelled south- 
west to the Conestogo River valley. When the Ontario 
ice lobe retreated to the Grand River valley the meltwa- 
ter channel southeast of Elmira was formed, but the 
channel was abandoned when the Grand River valley 
opened.

Both Trout Creek and the Thames River head in a 
swamp about 2 miles southeast of Harmony, and flow in 
opposite directions as underfit streams in a prominent 
meltwater channel. This channel may have been used by 
meltwater flowing east toward Tavistock when the ice 
stood to the west at the Mitchell Moraine, near St. 
Marys. Some small sand terraces are present southwest 
of Tavistock, but otherwise no deposits of late-glacial 
age are recognized along the Trout Creek valley in this 
map area.

A prominent valley that trends northeast from 
Brocksden to Lisbon across the Easthope Moraine is 
partly occupied by the underfit Silver Creek. 
Till-capped gravels on the north flank of the valley near 
Amulree indicate the valley originated before the last 
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Figure 4. A sketch showing how a kame terrace, located north of Wolverton (in the Stratford map area) was formed. This feature is unusual 
because there is seldom enough relief and morphology in southwestern Ontario toallow for the identification of kame terraces. In this area there 
are multiple ice-contact faces and complex kettles. As far as is known, this feature is unique in southern Ontario west of the Niagara Escarpment.

ice advance. Meltwater deposits are generally lacking at 
the surface along the valley. The valley may have car- 
ried meltwater into the Nith River valley when the ice 
margin trended southwest through Brocksden, and so 
blocked flow to the west along the Avon River valley. A 
similar but smaller valley through Hampstead joins the 
Nith River near Nithburg. Both of these valleys parallel 
the local minor moraines, and so appear to have been 
ice marginal. They may have served as outlets for

shallow glacial lakes north of Stratford. This would help 
to explain the lack of outwash along them, for most of 
the sediment from the ice would have been trapped in 
the lakes.

In the Waterloo Moraine, a meltwater channel 
trends southeast through Petersburg, with its apparent 
divide northwest of the village. South of the divide, 
meltwater flow was southeastward along Alder Creek
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valley to the Nith River. Small outwash terraces become 
more frequent south of Mannheim. Northwest of Pe- 
tersburg, a smaller meltwater channel extends toward 
the Nith River near Phillipsburg.

Two spillways cross the Milverton Moraine; they 
drained shallow glacial lakes that lay west of the mo- 
raine during final retreat of the Georgian Bay lobe. The 
more northern spillway is 3 miles long, and trends 
southeast from Hammond to breach the moraine at 
about 1275 feet. The other spillway is only 1 mile long, 
and is found southwest of Brunner at about the 
1225-foot elevation. Coarse outwash materials are not 
present in these valleys because the coarse sediment 
had settled out of the water farther upstream, nearer 
the ice front.

LACUSTRINE PLAINS

The well-known glacial lakes that covered large parts of 
southern Ontario did not extend into the Stratford— 
Conestogo area, however, much of the area was inun- 
dated during glacial retreat and pond deposits are wide- 
spread. These temporary water bodies were generally 
shallow and did not develop recognizable shore fea- 
tures. The ponds were more extensive than indicated 
on Maps 2558 and 2559 (see “Back Pocket”); only lake 
sediments more than 3 feet thick were mapped.

Much of the till plain along the west edge of the 
area from Harmony to Milverton was flooded, and ir- 
regular tracts of lacustrine sediments overlap the low 
till ridges or minor moraines already described. Howev- 
er, relief there is low and boundaries between till and 
lacustrine deposits tend to be gradational and irregular. 
Shallow-water sediments, apparently formed by wave 
action upon till knolls which sometimes formed shoals, 
suggest that a lake formed north of Stratford at about 
1220 feet asl. A smaller lake at a similar elevation, lo- 
cated west of the Milverton Moraine, drained eastward 
across the moraine along a previously described, 
low-gradient channel located southwest of Brunner.

Local pond deposits are common on the till plains 
north toward Listowel, eastward into Wellesley Town- 
ship, and south of Tavistock into Oxford County. Only 
the larger deposits are shown on Maps 2558 and 2559 
(see “Back Pocket”).

Widespread lacustrine deposits, too thin to map, 
overlie the till east of the southern part of the Elmira 
Moraine. They were apparently laid down in a shallow 
glacial lake confined between the Elmira Moraine and 
the Ontario ice lobe, while deposition of the Port Stan- 
ley Till was taking place.

A small, but prominent basin containing thick lake 
sediments occurs west of the Elmira Moraine near Wal- 
lenstein. This deposit was the source of clay for an ac- 
tive tile manufacturing industry for many years, howev- 
er, the source of raw materials was switched to Queens- 
ton Shale from the Town of Halton Hills (Guillet and 
Joyce 1987). In the Waterloo Moraine, a small lake was

contained between the margin of the Ontario lobe and 
high ground west of Mannheim, at an elevation of 
about 1170 feet. Many other small glacial ponds found 
in the area have only local significance.

MODERN FLOOD PLAINS
Low areas beside existing streams are mapped as young 
alluvium. Young alluvium is commonly difficult to dis- 
tinguish from older alluvium, and where geomorphic 
evidence was not clear, evidence of flooding in historic 
times was relied upon.

Most of the region is being eroded, and therefore 
flood plains now are the most active sedimentary envi- 
ronments in the area. Flood plains occur along most of 
the streams, but are usually of limited extent. They are 
generally near present stream levels, but where stream 
levels fluctuate widely, flood plains reach 15 feet above 
low-water levels. Such is the case along the Nith River 
north of Phillipsburg, where the valley is narrow and 
therefore large stream flows result in high water levels. 
As a result, parts of New Hamburg and Plattsville, built 
on its flood plain, are often flooded.

The flood plain of the Nith River is usually about 
0.3 mile wide, but reaches a width of 0.6 mile below 
Haysville. The Conestogo River flood plain is 0.25 to 
0.5 mile wide in its upper reaches, and gradually widens 
downstream to 1 mile beyond St. Jacobs and near its 
confluence with the Grand River. The Conestogo Dam, 
near Glen Allan, has reduced flooding to a considerable 
extent, but severe flooding was experienced in 1974.

Flood plains commonly are poorly drained, and 
display shallow depressions marking zones scoured at 
times of flooding. Low bars, terrace scarps and point 
bars occur on the insides of meanders, and elsewhere 
along the flood plain.

WETLANDS
Wetlands include bogs, swamps and marshes. They are 
widely distributed throughout the district, particularly 
in former lake basins, abandoned meltwater channels 
and kettle holes.

The largest bog—called Ellice Swamp—occupies 
about 2 square miles, north of Stratford. Leverin (1941) 
described it as a peat source. It rests on a poorly drained 
lake plain in front of the Milverton Moraine. Organic 
deposits, too thin to map, are widespread on the same 
lake plain north of Stratford. Extensive ditching and til
ing has been undertaken to improve drainage in the 
area. A smaller bog with a similar origin occurs on a lake 
plain northwest of Milverton.

An irregular swamp about 2 square miles in area 
occurs in old meltwater channels in front of the Inger- 
soll Moraine, between Bright and Wolverton. Smaller 
swamps and bogs occur in the meltwater channel occu- 
pied by Trout Creek, the meltwater channel south of 
Elmira, the meltwater channel occupied by the Middle 
Maitland River east of Listowel, and an elongated de- 
pression of unknown origin east of Millbank.
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Kettle bogs, formed in ice-block depressions, are 
numerous in the north part of the Waterloo Moraine 
and in the Easthope Moraine.

They are rare elsewhere, but a few are found in the 
hummocky areas east of Goldstone, south of Milverton, 
east of Petersburg, and east of Stratford. Their greatest 
concentration is in a belt from Waterloo to Crosshill. 
Most of these bogs are irregular in outline and cover up 
to 100 acres, but are too small or too shallow to map.

A few kettle bogs still maintain ponds in the deep- 
est part of the kettle, surrounded by a rim of varying 
width of growing organic mat and fill; examples are 
found near Bamberg.

Stratigraphy
The thickness of the Quaternary deposits in the Strat- 
ford—Conestogo area, combined with a general lack of 
exposure except by limited stream dissection, makes 
much of the stratigraphic record in the area inaccessible 
except through costly drilling programs. Some drilling 
has been carried out to probe the older deposits, but be- 
cause this work represents only a few test holes, it has 
been of limited use for interpreting the subsurface se- 
quence. Natural river exposures reveal some of the up- 
per part of the stratigraphic sequence, but generally the 
valleys cut during déglaciation, such as Trout Creek, Al- 
der Creek and Spring Creek, have long since slumped 
down and grown over. In addition, large areas, includ- 
ing the kame moraines and the level lacustrine and till 
plains between Stratford and Listowel, lack good expo- 
sures. A few gravel pits, roadcuts and building excava- 
tions have yielded some useful stratigraphic informa- 
tion.

The till stratigraphy is known from exposures of 
multiple-till sequences that exist throughout most of 
the area, except in the moraines. The till sheets are 
commonly thin, and several of them may be exposed in 
relatively shallow exposures. In the moraines, the lack 
of exposures make it difficult to confirm the presence of 
the same multiple-till sequences, however, it is evident 
from exposures elsewhere that readvances of the vari- 
ous ice lobes occurred numerous times within short 
time spans.

The important exposures and sequences in the var- 
ious stream valleys are outlined below. More detailed 
descriptions, along with descriptions of significant 
man-made exposures, are given in Appendix D. Strati- 
graphic columns compiled from measured sections are 
shown in Appendix E (Figures E2 to E8) and their loca- 
tions are marked on Figure E l. Table 1 summarizes the 
stratigraphy of the area.

VALLEY EXPOSURES

The best stratigraphic exposures in the Stratford—Con- 
estogo area are found along the Nith River. The river 
traverses areas overridden by both the Huron —

Georgian Bay lobe and the Erie—Ontario lobe. Al- 
though most of the sections are within the Conestogo 
map area, the Nith River also yields the best strati- 
graphic information in the Stratford map area.

Exposures appear every 1.5 miles or so along the 
river, from near Fernbak south to near Nithburg. They 
are mainly in the younger, fine-grained tills (Stirton, 
Tavistock and Mornington), and show very little inter- 
layered stratified sediment. A series of exposures oc- 
curs between Wellesley and Plattsville, and a few expo- 
sures occur on an east tributary north of Kingwood, and 
between Nithburg and Wellesley. South from Wellesley 
to New Hamburg, the oldest unit exposed is the Catfish 
Creek Till. It is overlain by a thick sequence of inter- 
bedded lacustrine clay and clayey till, apparently repre- 
senting a fluctuating ice front in a glacial lake confined 
to the Nith River valley. Beyond New Hamburg, pre— 
Catfish Creek tills occur. East of Washington and Wol
verton, a few sections expose thick terrace sand and 
gravel, and the underlying Catfish Creek and pre—Cat- 
fish Creek tills.

Smith Creek bears a widely spaced series of expo- 
sures from north of Newton to its junction with the Nith 
River near Kingwood. The stratigraphic sequence ex- 
posed along the creek is the same as the sequence found 
along the upper Nith River, with Catfish Creek Till ap- 
pearing at the base of the sequence near the river junc- 
tion.

The Conestogo River and a small east tributary 
near Stirton at the head of Conestogo Lake expose, in 
descending order, Mornington Till, Tavistock Till, Stir- 
ton Till, Catfish Creek Till, and at least 3 pre-Catfish 
Creek tills. Road relocation during construction of the 
Conestogo Dam resulted in an excellent series of expo- 
sures north of the dam. These exposures repeatedly re- 
vealed the same sequence of Catfish Creek Till and 
younger tills, with little or no intervening stratified ma- 
terial. The cuts near the dam have been described in de- 
tail by Feenstra (1975). Scattered exposures of Catfish 
Creek Till and younger tills occur between Wallenstein 
and St. Jacobs, with some pre-C atfish Creek till occur- 
ring near St. Jacobs. A small, north tributary, east of 
Glen Allan, has cut into sediments of possibly Middle 
Wisconsinan age. A test hole to bedrock revealed the 
presence of possibly Early Wisconsinan till below 
stream level.

Boomer Creek, a west tributary of the Conestogo 
River, exposes young tills at several sites southeast of 
Linwood. Other exposures near Hawkesville, and di- 
rectly above the junction with the Conestogo River, ex- 
pose both Catfish Creek Till and younger tills.

Canagagigue Creek and its tributaries expose Cat- 
fish Creek Till and overlying Tavistock Till between 
Winfield and Elmira. Near Elmira, clayey till and lake 
clays separate the two tills. At the east edge of the area, 
Port Stanley, Tavistock, Catfish Creek and pre—Catfish 
Creek tills are exposed.
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Table 1. îàble of formations for the Stratford-Conestogo area.

Age1 Formation2 Lithology

Quaternary Recent Postglacial alluvium
bog and lake deposits

sand, gravel, silt
clay, silt, marl, peat, muck

Pleistocene Late Wisconsinan
Undivided

glaciolacustrine deposits 
glaciofluvial deposits

clay, silt, sand 
sand, gravel

Port Bruce Stade ELMA TILL
WARTBURG TILL 
STRATFORD TILL 
MORNINGTON TILL
PORT STANLEY TILL 
TAVISTOCK TILL
MARYHILL TILL 
STIRTONTILL

silty to sandy till 
clay till 
sandy silt till 
silty clay till 
sandy to silty till 
clayey silt till 
clay till
clayey to silty till

Nissouri Stade CATFISH CREEK TILL sandy to silty, stony till

Middle Wisconsinan(?)
Port Talbot
Inters tade(?)

Glen Allan sediments
Waterloo sediments

silt and clay 
sand

Middle & Early
Wisconsinan(?)

CANNING TILL 
unnamed tills

clayey silt till 
clayey to sandy tills

MAJOR UNCONFORMITY

Devonian Middle Devonian DETROIT RIVER GROUP limestone and dolostone

Early Devonian BOIS BLANC FORMATION cherty limestone

Silurian Late Silurian BASS ISLANDS FORMATION 
SALINA FORMATION

dolostone
shale, dolostone, gypsum

1 Time classisfication follows Dreimanis and Karrow (1972). 
2Formal names o f formations are set in capita! letters.

METHODS OF TILL STUDY

Methods of till study, as developed in North America, 
have been reviewed by Karrow (1976). Some of the 
characteristics of some of the younger tills in the Strat- 
ford—Conestogo area have been summarized pre- 
viously for the purpose of establishing stratigraphic no- 
menclature (Karrow 1974).

Thus far, the principal characteristic used in till 
correlation is grain-size distribution (texture). Field 
observation of surface stoniness, desiccation cracks, 
gulleying patterns, feel between the fingers, and exami- 
nation of fresh surfaces commonly suffice for identify- 
ing a till unit.

Laboratory analysis of the matrix (less than 2 mm 
fraction) supplements the field observations. More 
than 500 till samples collected in the area have been 
subjected to size analysis. The combined silt and clay 
fraction of most samples were analyzed by the Chittick 
method (Dreimanis 1962) to determine the percent of 
calcite and dolomite present, and to determine the cal- 
cite-dolomite (carbonate) ratio. The carbonate compo- 
sition primarily reflects the incorporation of material 
from the Paleozoic carbonate rocks of southern

Ontario. The results of the Chittick and size analyses 
appear in Appendix A and are summarized in Table 2.

The lithology and distribution of heavy minerals in 
the fine sand fraction are a good provenance indicator 
for distinguishing H uron-Georgian Bay tills from On- 
tario -E rie  lobe tills. Heavy mineral percentages were 
determined for most of the samples, and complete de- 
termination of heavy minerals was carried out on over 
120 samples. The results of these analyses are found in 
Appendix B and summarized in Table 3. Heavy mineral 
analysis is particularly useful for till identification in 
this area because the heavy mineral content reflects a 
distant Precambrian source (Dreimanis et al. 1957; 
Gwyn 1971; Gwyn and Dreimanis 1979).

The mineralogy of the clay fraction (less than 2) 
was determined for about 80 samples by X-ray analysis 
(D.L. Salter, University of Waterloo, personal commu- 
nication, circa 1970). The results indicated a predomi- 
nance of illite, mica and chlorite, some calcite and dolo- 
mite, and traces of “vermiculite”, quartz and feldspar 
(R. Quigley and J. Haynes, University of Western On- 
tario, personal communication, 1975). Since the pro- 
portions of the various clay minerals are fairly uniform, 
they did not provide a basis for distinguishing between



Table 2. Summary of till analyses (means and ranges).1-2

TUI n
Texture

Sand Clay n Calc
Carbonate

Dolo Total C/D n Ls Dol
Pebbles

Ch Cl Prec
He

n
avy Mineral!

%

Elma 17 25 24 17 17 30 47 0.6 3 28 56 6 1 9 3 3.5
10-38 10-35 4-26 19-45 37-57 0.1-1.2 19-35 46-66 2 -8 0 -3 7-12 3.3-3.7

Wartburg 3 12 45 3 23 21 44 1.1 - - - - - - 2 4.6
10-13 42-51 22-24 18-26 42-48 0.8-1.3 - - - - - 4.2-5.1

Stratford 23 30 18 22 22 21 43 1.0 2 47 39 3 2 9 16 4.2
17-39 7-31 15-32 13-20 31-56 0.5-1.5 41-52 33-46 3 -3 1 -4 6-11 2.9-6.3

Mornington 38 11 48 37 24 13 37 1.9 11 41 40 4 5 10 12 4.5
3-27 28-66 13-29 8-20 24-44 1.0-3.3 20-56 18-60 0-22 0-24 5-15 3.0-6.4

Tàvistock 76 23 25 75 20 17 37 1.2 15 32 53 3 2 10 44 4.8
4-48 12-46 11-26 10-30 26-49 0.5-2.2 18-45 20-81 0 -1 0 0 -9 2-20 3.3-S.9

Stirton 15 11 46 15 22 13 35 2.0 2 28 54 8 1 9 2 4.6
4-35 27-65 16-26 7-27 30-43 0.6-3.3 24-33 52-55 4-12 1 -2 7-10 3.4-5.8

Port Stanley 30 44 14 29 17 22 39 0.9 3 28 55 4 3 10 18 5.1
18-66 0 -28 7-26 6-34 16-54 0.3-1.8 19-45 39-70 1 -8 0 -7 6-12 3.6-7.1

Maryhill 29 11 44 28 22 10 32 2.4 5 50 32 0 7 11 17 5.0
0-35 23-63 13-26 4-23 23-43 0.9-4.6 25-65 16-65 0 -1 2 -1 2 1-16 3.4-8.1

Catfish Creek 59 40 12 58 16 26 42 0.7 11 24 60 5 2 9 41 5.0
15-66 6-34 11-22 16-49 31-64 0.3-1.1 11-41 29-81 0-19 0 -6 1-23 2.8-8.6

Canning 3 13 47 3 23 9 32 2.7 - - - - - - 2 5.4
8-23 23-67 21-24 6-13 27-36 1.8-3.5 - - - - - 4.8-6.0

1LEGEND
n — number o f samples analyzed
CID = calcile to dolomite ratio
Calc = calcite
Dolo = dolomite
Ls = limestone
Dol = dolostone
Ch = chert
Cl = elastics
Prec   = Precambrian crystalline rocks

Values in columns are means (top) and ranges (bottom).

2 For information on methods and sources o f analytical data see 'Appendixes A, B and C”, and “Acknowledgments”.
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Table 3. Percentages of selected heavy minerals in various till samples.1

Till n clinopyroxene hypcrsthene hornblende tremolite epidote magnetite garnet P/R

Etma 3 1.4
0.9-1.9

1.7
0.3-2.5

50.1
47.4-53.9

2.8
2.6-3.1

3.3
1.6-4.6

7.4
2.8-12.7

19.4
18.3-26.1

0.7
0.2-1.4

Stratford 2 2.7
1.9-3.5

2.9
1.6-4.1

48.3
44.7-51.9

4.1
2.Ô-5.6

4.3
4.1-4.5

11.3
8.5-14

19.4
17.9-20.9

0.4
0.3-0.4

Mornington 8 2.2
0.9-5.6

3.3
1.6-5.3

51.0
40.8-57.4

3.6
1.9-6.5

4.4
1.6-9

7.2
4.8-11.5

20.7
14.4-28.5

0.3
0.2-0.7

Tavistock 14 6.4
0.6-16.3

3.7
2 .1-6

48.3
39.4-56.4

3.8
0.3-6.7

1.7
0.3-3.8

8.7
4.3-13.8

22.1
14.9-28.5

0.5
0.1-1.1

Stirton 5 5.0
2.5-10.5

2.9
2.4-4.4

45.4
42.2-50.5

5.6
3.4—8.5

2.4
0.7-4.2

9.8
7.8-11.9

23.9
20.2-28.7

0.2
0.1-0.5

Port Stanley 5 3.9
1.3-6.7

2.8
1.3-3.5

53.8
50-65.1

2.6
2.1-2.9

1.6
0.7-1.9

8.4
5.5-12.4

22.4
11-30.8

0.6
0.2-0.9

Maryhill 4 4.6
1.9-9.9

3.8
2.9-5.4

49.4
42-54.5

3.1
2.1-4.7

0.7
0-1 .3

7.5
5-9 .9

23.3
14-30.6

0.6
0.2-0.9

Catfish Creek 13 6.4
2.4-16.2

4.4
2.S-7.4

45.4
38.4-57

3.3
1.6-7.8

1.5
0-5 .3

8.4
4.5-11.1

24.4
16.3-29.2

0.5
0.2-0.9

Canning 1 3.3 2.7 48.9 2.7 3.3 6.7 29.2 0.5

1 n -  number o f samples analyzed
P/R — ratio o f purple and colourless garnet to orange and red garnet

lobes or various till sheets. Only variations attributable 
to weathering were noted.

May (1972), Samis (1973), Broster (1974) and Coo- 
per (1975) analyzed the tills of the area for trace ele- 
ments, and some of their data are discussed later. Trace 
element composition of tills is related to incorporated 
Paleozoic rock, and further information on the bedrock 
trace elements and refinement of the method are need- 
ed before the till data can be properly utilized.

In the field, the lithology of pebbles from selected 
sites was studied to provide data on sources of the tills. 
In many instances, such studies allow the sources of 
gravel to be related to certain tills or to various glacier 
lobes. Such pebble counts are also useful for determin- 
ing the areal extent of gravels of different composi- 
tions—an important consideration in evaluating gravel 
quality for its varied uses.

Till fabric, or the orientation of elongate pebbles in 
till, has been widely used to determine the direction of 
former ice movement.

Although it is a time-consuming method, often 
yielding ambiguous results, some fabric studies were 
done. However, cross fabrics oriented normal to ice 
movement direction, and the parallelism of ice move- 
ment from opposing Huron and Ontario lobes, limited 
the usefulness of this method in the area. The lack of 
bedrock outcrops has precluded the use of striae for de- 
termining ice flow directions.

PRE-CATFISH CREEK SEDIMENTS
Work in adjacent areas has revealed the presence of 
older tills and water-laid sediments below the Catfish 
Creek Till, which in itself is a stratigraphic marker at the 
base of many valley exposures (Photo 7). However, the 
very sporadic and limited exposure of these older de- 
posits has made their correlation and interpretation 
difficult. In the Stratford-Conestogo area, exposures 
and subsurface occurrences of older materials are con- 
siderably more numerous. Materials older than the 
Catfish Creek Till probably underlie most of the area. 
The thickness of deposits below most stream valleys in- 
dicates that Early Wisconsinan, and perhaps older sedi- 
ments are present. Cooper (1975) studied exposures of 
pre-C atfish Creek tills along the Nith River and Con- 
estogo River valleys, and attempted to correlate some 
of the units.

The only pre-C atfish Creek till in the region that 
has been named and traced through several exposures 
is the Canning Till of the lower Nith River valley (Kar- 
row 1963). Similar clayey to silty, nearly stone-free till 
has been recognized in the Brantford (Cowan 1972) 
and Woodstock (Westgate and Dreimanis 1967; Cowan 
1975) areas.

All the till exposed below Catfish Creek Till along 
the Nith River downstream from New Hamburg is 
clayey to silty. At a few other sites, till that might corre- 
late with this bottom till is exposed without clear strati- 
graphic relationships. At 3 sites where relationships 
seem clear (see “Appendixes A and D”; field station
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Photo 7. Catfish Creek Till exposed in a roadcut east of the Glen Allan interstadial site.

numbers S-1143 and S-1220 near New Hamburg, and 
S-1324 near Plattsville), the till matrix consists of 8 to 
23% sand and 23 to 67% clay, contains approximately 
4.8 to 6.0% heavy minerals and 27 to 36% carbonate, 
and has calcite-dolomite ratios of between 1.8 and 3.3 
(see “Table 2”). Cooper (1975) gives averages for the 
Canning Till for sites in the Stratford, Woodstock and 
Brantford areas as follows: 20% sand, 27% clay, 31% 
carbonate, and a calcite-dolomite ratio of 1.2. In addi- 
tion, he reports pebble lithology as 27% limestone, 55% 
dolostone, 4% chert, 6% Paleozoic elastics and 8% Pre- 
cambrian. The heavy mineral content averages 5.7%. 
Cooper (1975) found high trace element numbers com- 
pared to other pre-Catfish Creek tills, indicating an 
Erie lobe source according to the discriminant function 
of May (1972) involving Cu, Zn, Cr and Ni contents. Of 
the samples cited above, only sample S-1324 was ana- 
lyzed for heavy mineral content. Percentages of se- 
lected minerals in this sample are shown in Appendix B. 
The sample had a clear to red garnet ratio of 0.55. 
Cooper (1975) reported a low ( 16%) garnet percentage 
and a high (1.1) purple to red garnet ratio for the Can- 
ning Till. Cowan (1975) reported that striae under this 
till at Beachville trended southeast.

The ice that deposited the Canning Till (O ntario- 
Erie lobe) is believed to have advanced northwestward 
into this area at least as far as New Hamburg in the Nith 
River valley. At its type section at Canning (Karrow 
1963), theCanningTill is associated with large amounts 
of incorporated and disturbed lacustrine silt and clay 
which are believed to be the source of its fine texture. 
Thick lacustrine silts exposed in the east bank of the

Nith River at Wolverton are possibly associated with 
this till.

The age of the Canning Till is not known. Cowan et 
al. (1975) believe it underlies the interstadial organic 
sediments near Innerkip, which have been dated at 
greater than 50000 years (see Karrow et al. 1978, 
GSC-2010-2), and which are tentatively correlated with 
the Port Tallx>t Interstade. On the other hand, Cooper 
(1975) suggests that the till is younger than the Port Tal- 
bot Interstade because of a similarity to till under Cat- 
fish Creek Till and above sediments dated greater than 
41 000 years at the Glen Allan interstadial site in the 
central Conestogo map area. Canning Till has generally 
been assumed to be of Early Wisconsinan age, and is in
terpreted so here.

Only one site in the Stratford map area near New 
Hamburg (see “Appendix D”, site S-1143) exposes de- 
posits below the Canning Till. There, the underlying, 
disturbed, varved clay overlies cemented, gravelly silt 
till that outcrops at river level.

Older sediments, called “lower beds”, were found 
in the Brantford area by Karrow (1963) and in the 
Woodstock area by Westgate and Dreimanis (1967), 
but exposures were rare and the material too variable 
for correlation.

Borehole PW1, located near S-1143 (see “Appendix 
D”) passed through gravel to about 35 feet below river 
level, and then till (sample 17) resembling Catfish 
Creek Till, and reached bedrock at a depth of 90 feet. 
The position of the till makes it probable that it is older 
than Canning Till. It is like till found in the “lower beds” 
of Karrow (1963) along the Nith River valley near
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Canning in the adjoining Brantford map sheet area 
(NTS 40 P/l). Borehole PW2 near Stratford (see “Ap- 
pendix D”), at a depth of 80 feet and under possible 
Catfish Creek Till, pierced clayey silt till, gravel, and 
gravelly sandy till that also resembled the “lower beds” 
tills. There was gravel beneath the gravelly sandy till, 
probably resting on bedrock at 140 feet. Analysis of 
sample 56 from PW2 (see “Appendix A”) generated the 
following results: 52% sand, 16% clay, 43% total car- 
bonates, and a calcite-dolomite ratio of 0.8.

A 1968 excavation for the railway overpass on Ro- 
meo Street South in the city of Stratford exposed finer 
till below Catfish Creek Till; unfortunately, the lower 
part of the face was inaccessible and no samples were 
obtained. Because Stratford was affected by ice of the 
Huron lobe during the latest Wisconsinan advances, 
these tills may be separate from the older tills (such as 
the Canning Till) of the O ntario-E rie lobe.

In the Conestogo map area, particularly along the 
Conestogo River valley and at a few other sites, several 
distinct till sheets are recognized below the Catfish 
Creek Till. The stratigraphic sequence in the Conesto- 
go River valley given here is based on exposures near 
the north end of Conestogo Lake, and at an interstadial 
organic site on a small, north tributary of the Conestogo 
River which branches from the river southeast of Glen 
Allan.

At the north end of Conestogo Lake, at field sta- 
tions S-4534, S-4537, S-4746 and S-5276 (see “Appen- 
dixes A and D”) several tills are exposed below the Cat- 
fish Creek Till. The exposures at S-4534 and S-4537 are 
poor and restricted, but each appears to reveal 1 till old- 
er than the Catfish Creek Till. These are probably the 2 
older tills seen at S-4746, and which at S-5276 are un- 
derlain by at least 2 and possibly 4 other tills. The up- 
permost till is unusually silty (61 to 83%), has few 
stones, contains about 47% carbonate, and has a car- 
bonate ratio ranging from 0.4 to 0.8. Cooper (1975) re- 
ports the pebble lithology of this till as being 72% dolo- 
stone, 16% limestone, 1% chert, 3% elastics and 8% 
Precambrian. Cooper (1975) also found a heavy miner- 
al content of 9.7%, garnet content of 34%, and a purple 
to red garnet ratio of 1.0.

The upper silty till is underlain by a till that re- 
sembles the Catfish Creek Till. It is a stony, sandy, silt 
till (37% sand, 19% clay) with a carbonate content of 44 
to 50% and carbonate ratio of about 0.5. Cooper (1975) 
reports a lower heavy mineral content (2.8 to 4%) than 
for the overlying till, variable garnet content (10 to 
30%), and a low purple to red garnet ratio (0.4 to 0.6).

At site S-5276, the sequence continues downward 
from the stony, sandy till as follows: a thin layer of red 
clayey till (11% sand, 47% clay, 31% carbonates, car- 
bonate ratio of 2.1), over a coarser till (which Cooper 
(1975) describes as 37% sand, 15% clay, 48% carbon- 
ates, carbonate ratio of 1.6, heavy mineral content of 
3.6%, 10% garnets, with a purple to red garnet ratio of 
1.2), over a thin layer of gritty sand till (36% sand, 17% 
clay, 47% carbonates, carbonate ratio of 0.2), in turn

over a reddish brown, gritty till (16% sand, 40% clay, 
33% carbonates, carbonate ratio of 1.7). Bedrock is 
about 50 feet below the base of this section, and there- 
fore, even older till sheets or other deposits may be 
present.

The other major exposure of older tills in the area is 
located on an unnamed tributary of the Conestogo Riv- 
er, about 3 miles southeast of Glen Allan. This site is re- 
ferred to as the Glen Allan interstadial site in this re- 
port. The stratigraphy and geography of the site are il- 
lustrated in Figure 5. The stream meanders, and as a 
consequence, 3 bridges have been constructed along a 
township road which crosses it (Figure 5). A  stream 
bank section was examined in 1961, and in 1966 excava- 
tions for new bridges revealed a possible paleosol near 
the creek level. Later, pollen-bearing silts were discov- 
ered low in the creek bank; these gave 2 radiocarbon 
dates. In 1973, a test hole was put down to bedrock to 
clarify the stratigraphy.

Upstream from these exposures for approximately 
0.5 mile, small exposures of older tills which have not 
been correlated with the main sequence at the intersta- 
dial site, occur. The exposures present a fragmentary 
record which has proven difficult to interpret. Several 
tills older than the Catfish Creek Till are present, both 
above and below the fossiliferous silts. One large, and 
several small stream bank exposures provide the stra- 
tigraphy of the upper part of the sequence. Even though 
these exposures have been monitored for several years, 
it has not been possible to determine the stratigraphic 
position of some till units or even to correlate them in 
exposures only 50 to 100 feet apart.

The largest exposure at the Glen Allen interstadial 
site reveals a thick section of grey, stony, gritty till un- 
derlying what is probably Catfish Creek Till (Photo 8; 
see “Appendix D”, S-3573). Four samples of this lower 
till averaged 27% sand, 24% clay, 38% carbonates, and 
had an average carbonate ratio of 0.7. At the middle 
bridge, a brown silty till apparently underlies the Cat- 
fish Creek Till; 4 samples of this till averaged 16% sand, 
30% clay, 31% carbonates and had an average carbon- 
ate ratio of 1.0.

As the results from samples from the same site and 
unit are consistent, the differences between the tills in- 
dicate they are different till sheets, but their relative 
age is not yet evident. The brown till apparently overlies 
pollen-bearing silts.

In 1966, bridge excavations exposed the brown till 
over several centimetres of black, calcareous, clayey 
diamicton, overlying several centimetres of black, non- 
calcareous, sandy sediment. This sediment was under- 
lain by 1 foot of non-calcareous, orange, medium grav- 
el, which in turn overlay about 5 feet of calcareous grav- 
el. The diamicton and sandy sediment under the brown 
till is interpreted as a buried soil developed on the grav- 
el. The gravel correlates with the gravel found below 
creek level in borehole UW 50-73 (see “Appendix D”). 
South of the middle bridge, a stony, weathered-appear- 
ing but calcareous till seems to record the same
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Figure 5. Sketch map of the Glen Allan interstadial site, showing locations of selected samples and boreholes, accompanied by sketches illustrat
ing the relationships of materials at the site. See “Tàble 4” for selected analytical data and “Appendix D” for site and borehole descriptions.
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Photo 8. Stream bank exposure at the Glen Allan inlerstadialsile (S-3573). Mornington (D).Tavistock(T), Catfish Creek (A) and pre-Catfish 
Creek (PA) tills are exposed.

weathering zone. This till, which forms the bed of the 
creek, has not been correlated with any of the other tills. 
The paleosol probably truncates both this thin till and 
the gravel, and underlies the pollen-bearing silts. Other 
tills exposed along nearby creeks have not been corre- 
lated. However, in the borehole, a massive till resting 
on Silurian bedrock was encountered below the gravel. 
This till averaged 32% sand, 18% clay, 57% carbonates, 
and had a carbonate ratio of 0.4. Cooper (1975) also re- 
ports 2.9% heavy minerals, 12% garnet, and purple to 
red garnet ratios of 0.35 and 0.64 for this till.

In summary, although the Glen Allan interstadial 
site is very important to the history of the area, the se- 
quence of the till units which occur there has not been 
worked out. As a result, the site cannot, at this time, be 
used for correlation of other, less extensive exposures 
of tills older than the Catfish Creek Till.

In 1972, construction of the North Woolwich Dam 
in Canagagigue Creek northwest of Elmira opened ex- 
tensive excavations that showed stony, silty till underly- 
ing the Catfish Creek Till. Cooper (1975) studied the 
site and identified 2, still lower, till units. These 3 tills 
had similar compositions, as follows: 26 to 35% sand, 
9 to 18% clay, 45 to 47% carbonates, and carbonate ra- 
tios of 0.5 to 0.8. Heavy mineral content (4.6 to 5.5%) 
and garnet content (15.4 to 19.7%) were also similar, 
but purple to red garnet ratios for the upper 2 tills (0.69 
and 0.44) differed from the lowest till (1.19), as re- 
ported by Cooper (1975). The identification of these 
units remains in doubt.

At sites S-l 15 and S-l 16 along the Conestogo River 
at the northeast edge of St. Jacobs, and at site S-152 
along Canagagigue Creek north of Conestogo, a some- 
what finer till underlies the Catfish Creek Till. This till 
consists of 25 to 28% sand, 18 to 25% clay, 28 to 34% 
carbonates, and has calcite-dolomite ratios of 1.3 to 1.7. 
This unit is believed to be a westward extension of the 
“Catfish Creek Till—finer facies” of Karrow (1968b), 
which was encountered along the Grand River north of 
Breslau in the adjoining map area (NTS map sheet 
40 P/8). Cooper (1975) suggested that this till was a 
northward extension of the CanningTill. As he also cor- 
relates this unit with the brown till above the silts at the 
Glen Allan interstadial site, this would make the Can- 
ning Till younger than the Port Talbot Interstade, or 
younger than previously thought. All of these correla- 
tions are uncertain.

At site S-152, on Canagagigue Creek, a still older 
till occurs near the base of the stream bank in associ- 
ation with oxidized gravel; no carbonate leaching was 
found to indicate the presence of a paleosol. This till is 
coarse (52% sand, 10% clay) and has a carbonate con- 
tent of 32% and a carbonate ratio of 0.6.

Reference has been made to red till at the north 
end of Conestogo Lake. Other scattered occurrences of 
red till, usually clayey, are found in a small valley 
(S-1648) 2.5 miles northwest of St. Jacobs. In addition, 
red clayey till outcrops upstream from the Glen Allan 
interstadial site. The significance of these occurrences 
is not known.
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The record of the geological events which occurred 
prior to the deposition of the Catfish Creek Till, includ- 
ing the deposition of many old tills, is complex. As few 
of the exposures display clear stratigraphic relation- 
ships, few conclusions are possible.

Tills older than the Catfish Creek Till are generally 
hard, stony and silty, and have low carbonate ratios. 
Therefore, it is likely that some occurrences of these old 
tills have been mistaken for Catfish Creek Till, particu- 
larly where that till is missing from the sequence. 

BURIED ORGANIC SEDIMENTS

The most important occurrence of buried organic mat- 
ter was found in the paleosol at the Glen Allan intersta- 
dial site (see “Figure 5”), described above. In 1972, 
some charred, woody debris was found in the silts at site 
S-3574 (see “Figure 5” and “Appendix D”), and in 1974, 
A.J. Cooper found more of this material at the same lo- 
cation. Examination of the debris revealed spruce wood 
(R.J. Mott, Geological Survey of Canada, Wood Identi- 
fication Report 71-20, written communication, 1971) 
and pleurocarpous mosses (M. Kuc, Geological Survey 
of Canada, Bryological Report 316, written communi- 
cation, 1975). The 2 wood samples gave radiocarbon 
ages of greater than 39000 (GSC-1711), and greater 
than 41000 years (GSC-2141). The results of pollen 
analyses carried out by Mott on samples from the Glen

Allan interstadial site are shown in Table 4. Pollen con- 
tent was generally low. Mott (Geological Survey of 
Canada, Palynological Report 74-7, written communi- 
cation, 1974) stated:

The assemblages noted are very similar to those found in 
sediments of the Port Talbot interstadial interval in southern On- 
tario (Dreimanis et al, 1966; Berti, 1971). The amounts of pine 
pollen present suggest correlation with the lower part of the in- 
terval but the lack of oak (Quercus) pollen eliminates correlation 
with Port Thlbot I unit...The pollen content, assemblage and state 
of preservation are similar to those of the glaciolacustrine unit I 
reported in Dreimanis et al (1966)...

The general stratigraphic setting of the buried or- 
ganic material, along with the floral remains it contains 
and the radiocarbon dates obtained from the material, 
indicate that these sediments belong to the Port Talbot 
Interstade, and have a probable age of 45 000 to 50 000 
years (Dreimanis and Karrow 1972), although a greater 
age is possible. The apparent presence of a buried soil is 
significant because paleosols are rare in eastern Cana- 
da. To date, in southern Ontario, buried soils that may 
be of this age have only been found in Toronto (Dreima- 
nis and Terasmae 1958), Port Talbot (Quigley and Drei- 
manis 1972) and Guelph (Karrow et al. 1982). At pres- 
ent, the author correlates the Glen Allan interstadial 
sediments with the Innerkip site of Cowan (1975), Co- 
wan et al. (1975) and Karrow et al. (1978). Dates on in- 
terstadial peat with similar pollen content from the In- 
nerkip site, cited by these authors, also give minimum

Table 4. Pollen counts from selected Glen Allan interstadial site sediment samples.1 £

Sample Number GA-1 GA—3 GA—5 GA—7 GA—9 GA-113
(%)

G A -13 GA-163
(%)

Trees
Picea 6 2 7 4 5 17.4 14 10.0
Pinus 10 15 20 31 26 74.2 45 81.1
Betula 1 - 6 4 2 6.1 2 4.4
Quercus - - - - 1 - - -
Ubnus - - 3 1 - - - 1.1
Tilia - - - 1 1 - - 3.3
Carya - - - - 0.8 1 -
Carpinus/Ostrya - - - - - 1.5 -
Shrubs
Alnus 1 1 1 1 1
Shepherdia canadensis - - - - - - 1.1
Herbs
Gramineae 4 1 1 2.3
Tubuliflorae 1 - 1 2 - 1.5 - -
Ambrosia -  type - - - - 1 - -
Artemisia - - 1 1 2 - 2 1.1
Chenopodiineae - - - 1 0.8 1 1.1
Thalictrum - - 1 - - 1 1.1
Cyperaceae - - 2 - 2 3.8 - -
Unidentified 1 - 2 - - 1 2.2
Spores
Lycopodium - - - 1 1 0.8 -
Pteridophyta - - 1 - - 1.5 - -
Polypodiaceae - - 1 1 8.3 4 3.3
Sphagnum 2 - - 3 4 1.5 3 4.4

1 R.S. Mott, Geological Survey o f Canada, Palynological Report 74-7, written communication, 1974.
2 For sample site locations see Figure 5.
3 Total arboreal pollen = 100%. Only G A -11  and G A —16 had sufficient pollen to calculate percentages.
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ages of greater than 43 000 (GSC-1884), greater than 
42000 (GSC-2010) and greater than 50000 years 
(GSC-2010-2). Tavistock TUI and Port Stanley Till over- 
lie the peat at Innerkip; the Catfish Creek Till is locally 
absent but believed to occur elsewhere stratigraphically 
above the peat. Similar pollen assemblages in sand and 
silt found below Catfish Creek Till in a borehole along 
the Avon River southwest of Stratford (Cowan et al. 
1975; Karrow 1977) are also believed to be of Port Tal- 
bot Interstade age.

A borehole (see “Appendix D”, borehole PW5) on 
the crest of the Phillipsburg spur of the Waterloo Mo- 
raine encountered silty sand with visible organic mate- 
rial at a depth of 75 to 85 feet. Pollen was best preserved 
in the base of the overlying thin till (R.J. Mott, Geologi- 
cal Survey of Canada, Palynological Report 73-1, writ- 
ten communication, 1973); the pollen assemblage from 
this part of the borehole is listed in Table 5. Correlation 
of the samples is uncertain, but the organic material un- 
derlies at least 2 tills and may be of Port Talbot age.

A small piece of spruce wood, identified by Mott 
(Geological Survey of Canada, Wood Identification 
Report 72-38, written communication, 1972), was re- 
covered at a depth of 173 feet during the drilling of a 
well about 2 miles east of St. Agatha. The stratigraphy 
of the site is unknown.

Another small piece of spruce wood was encoun- 
tered in the second till below the Catfish Creek Till in a 
borehole on the University of Waterloo campus. More 
detail concerning this find is given in a later section of 
this report (see “Urban Geology” and “Appendix D”, 
borehole UW 54-76).

Table 5. Pollen assemblage from borehole 
sample PW 5-112.1

Percent

Trees
Picea 10
Pinus 50
Abies 2
Tsuga 4
Betula 6
Quercus 2
Tilia 2
Shrubs
Viburnum 2
Herbs
Gramineae 8
Tbbuliflorae 2
Liguliflorae 2
Ambrosia—type 4
Polypodiaceae 2
Unidentified 4

Dinoflagellate cysts +
Pre—Pleistocene spores 1

1 R.J. Mott, Geological Survey o f Canada, 
PalynologicalReport 73-1, written commu
nication, 1973.
+ = present

In January 1980, engineering test holes near the 
corner of Phillip and Columbia streets, Waterloo, en- 
countered organic matter at a depth of 120 feet. Subse- 
quent continuously cored holes at the site (see “Appen- 
dix D”, boreholes UW 79-80 and UW 80-80) revealed a 
sequence of 63 feet of fine sand, 36 feet of interbedded 
clay and clay till (Maryhill Till), 13 feet of sandy Catfish 
Creek Till and 27 feet of stratified gravel, sand, silt, and 
clay, with organic-rich zones particularly prominent be- 
tween 115 and 130 feet. Coring had to be discontinued 
at 137 feet because of the density of the material en- 
countered. A  rotary drill hole at the same site revealed 
probable shale bedrock (Salina Formation) at 158 feet, 
and was terminated at 171 feet.

The organic materials contained in the continuous 
core (UW 79-80, UW 80-80) included fragments of ter- 
restrial and freshwater molluscs, 5 species of ostra- 
codes, plant seeds, conifer needles, wood and pollen. 
Pollen assemblages are dominated by pine and spruce, 
and plant macrofossils represent pond and wet margin- 
al environments. A small piece of wood from a depth of 
118 feet was dated by the Chalk River Van der Graaff 
Generator as 40 080± 1200 years old (R. Brown, Atom- 
ic Energy of Canada Laboratory, personal communica- 
tion, 1982). Both the stratigraphy and the date indicate 
a Middle Wisconsinan age. Scanty information suggests 
that these sediments may extend north under the North 
Campus of the University of Waterloo, but they seem to 
be absent in the southern part of the campus. A more 
detailed description of this site has been published sep- 
arately (Karrow and Warner 1984).

Undoubtedly, other occurrences of buried organic 
material are present in the report area. If the ages as- 
signed to the buried organic material which has been 
analyzed are correct, there was extensive déglaciation 
accompanied by the growth of pine and spruce woods in 
the area, about 50 000 years ago during the Port Talbot 
Interstade.

CATFISH CREEK TILL
The Catfish Creek Till was named by Dreimanis (de 
Vries and Dreimanis 1960) after a creek south of Lon- 
don, Ontario. This till is generally present in the subsur- 
face throughout the Stratford—Conestogo area, and 
exposures are frequent in the valleys of Trout and Ca- 
nagagigue creeks, and the Conestogo and Nith rivers.

It is at the surface over several square miles near 
Bright—probably because subsequent ice advances 
from the southeast and northwest failed to cover that 
area. A few occurrences along the interlobate zone 
through the Waterloo Moraine (seen in building exca- 
vations at Petersburg and Elmira) suggest the Catfish 
Creek Till is at shallow depth there. Farther east and 
west, an increasing number of till sheets overlap it. 
Deep excavations in Stratford and Waterloo encoun- 
tered the Catfish Creek Till below 2 till sheets, and it 
has been recognized in deep test holes at many sites in 
the area. The Catfish Creek Till is generally the lowest 
unit exposed along the stream valleys, and it forms the
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general base of the exposed till sequence. As a result, 
data on its thickness are limited. However, where its 
thickness has been determined, the Catfish Creek Till is 
often between 10 to 20 feet thick.

The Catfish Creek Till is commonly hard and diffi- 
cult to drill into, and is often referred to as “hardpan” in 
water well records.

It is yellow to buff or olive in colour when oxidized, 
and grey when unoxidized. It is usually oxidized, even 
where overlain by younger, unoxidized till. The depth 
of oxidation is such as to preclude its having been 
formed under interstadial conditions of weathering at 
the surface; instead, oxidation is explained as the effect 
of seeping groundwater. The effect of groundwater oxi- 
dation is probably prominent in this till because it is 
coarse and is more permeable than the overlying finer 
tills. Where coarse tills are at the surface today, their 
permeability has also led to deep oxidation.

Catfish Creek Till is stony, and contains little clay 
and much sand or silt in the matrix. It varies little in tex- 
ture, although it contains less sand in the upper Cones- 
togo River valley and more in the lower Nith River 
valley. Cowan (1978) noted a lack of clear textural 
trends in the Catfish Creek Till found in the Woodstock 
and Brantford areas to the south. Table 2 displays mean 
and range values for the size components, as well as oth- 
er analytical data.

This till contains much carbonate, but its cal- 
cite-dolomite ratios are generally lower than those of 
other tills (Figure 6). Analyses of nearly 60 samples be- 
lieved to be Catfish Creek Till indicate that calcite con- 
tent is nearly constant throughout the area at 14 to

Figure 6. Relationship between the carbonate ratio and total carbon- 
ate content of tills in the Stratford-Conestogo area.

18%, though slightly lower (11 to 14%) near the north 
edge of the area and slightly higher (18 to 22%) along 
the Nith River between Wellesley and New Hamburg. 
The higher values probably reflect the presence of De- 
vonian limestones from the eastern edge of the buried 
Onondaga Escarpment, which were eroded and incor- 
porated into the till. Dolomite content generally de- 
creases southward from over 30% in the north to less 
than 25% in the south. Because calcite content is nearly 
constant, changes in total carbonate and in the cal- 
cite-dolomite ratio mainly reflect the changing dolo- 
mite content. The nearly constant calcite content sug- 
gests a distant source, probably in the Ordovician lime- 
stones south of Georgian Bay, which resulted in homo- 
genization by the time the material had been trans- 
ported by ice to the Stratford—Conestogo area.

The amount of heavy minerals in the Catfish Creek 
Till resembles that in most of the tills of the area (Table 
2), and is generally between 3.5 and 5.5%. Complete 
heavy mineral analysis of the fine sand fraction was car- 
ried out on 13 samples (see “Appendix B”), and percent- 
ages of selected minerals are shown in Table 3. The re- 
sults show few areal trends, which, with the few analyses 
available, are unreliable. However, the percentage of 
hornblende is significantly lower in the northwest (38 to 
42%) and higher in the south (44 to 57%), whereas hy- 
persthene content is about 5% in the north and 4% in 
the south. These values generally agree with those re- 
ported by Dreimanis (1961) and Dreimanis et al. (1957) 
in regional studies, and with the analysis of 2 samples 
taken in the Paris and Kitchener areas reported by Kar- 
row (1963).

Pebble counts are available from only 11 sites, so 
trends are only tentative. In the north and east, dolo- 
stone is the predominant constituent (50 to 80%), with 
limestone content ranging from 11 to 34%. In the 
southwest, limestone increases to about 40%, with 40% 
or less dolostone. Chert is absent in the east but is pres- 
ent in quantities of 2 to 19% in the central and western 
parts of the area, no doubt reflecting its Devonian 
source. The presence of pebbles suggest incorporation 
of local material, in contrast to material in the silt and 
clay fractions which had a more distant source.

Fabric measurements were taken at 6 sites. Mea- 
surements taken at 4 of these sites, located in the north 
and northeast parts of the area, indicate ice flow from 
the north or from the northeast (030°). One site near 
Wellesley, in the middle of the area, indicates flow to 
slightly east of south, and 1 site in the southwest corner 
of the area indicates flow of 150°. These results are con- 
sistent with previous findings in areas to the east (Kar- 
row 1963, 1968b) indicating ice movement from the 
northeast, whereas in the St. Marys area to the west 
(Karrow 1977), movement is from the northwest, as in 
the single site studied south of Stratford.

Although similar tills are found below the Catfish 
Creek Till, most of the younger tills are distinctly finer 
and usually provide a marked contrast. Near Kitchener,
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the overlying Maryhill Till is clay-rich and provides a 
particularly sharp contrast in colour and texture.

East of the interlobate zone, Catfish Creek Till is 
underlain and overlain by the clayey Canning and Ma- 
ryhill tills, respectively. In the northwest, clayey to silty 
Stirton Till overlies it, whereas in the southwest, it is di- 
rectly overlain by silty Tavistock Till.

The distribution, character and fabric data are all 
consistent with the suggestion by Dreimanis (1958) that 
the Catfish Creek Till was deposited during the maxi- 
mum extent of Late Wisconsinan ice. It has been traced 
by mapping between the type area and this area (Cowan 
1972,1975), and equivalent till has been mapped to the 
east (Karrow 1963, 1968b). Throughout this region, 
Catfish Creek Till has characteristics similar to those in 
its type area, and it occurs in a similar stratigraphic po- 
sition. A regional summary of some of its characteristics 
was presented in Karrow (1988a).

Near Glen Allan, this till overlies tills and sedi- 
ments which have a radiocarbon age of greater than 
41 000 years. However, in its type section at Port Talbot 
on Lake Erie, Catfish Creek Till includes organic mate- 
rial dating from the Plum Point Interstade of about 
25 000 years ago (Dreimanis 1958).

Similar till relationships south of Lake Erie indi- 
cate the continuation of Catfish Creek Till as the sur- 
face till to the outer limit of the Late Wisconsinan ice 
advance in southern Ohio, where numerous dates of 
17 000 to 20 000 years have been obtained on underly- 
ing and included wood (Dreimanis and Goldthwait 
1973). Catfish Creek Till is considered correlative with 
the Navarre and Kent tills of Ohio (Dreimanis and 
Goldthwait 1973), and is believed to be the oldest till 
appearing on the surface in southern Ontario.

TILLS OF THE ERIE-ONTARIO LOBE

Maryhill Till

The type section of the Maryhill Till is in Homer Wat- 
son Park, along the Grand Riversoutheast of Kitchener 
in the adjacent Cambridge map area (NTS 40 P/8). At 
that location, the Maryhill Till lies between the underly- 
ing, sandy Catfish Creek Till and the overlying, sandy 
Port Stanley Till (Karrow 1974). The clayey texture of 
the Maryhill Till contrasts sharply with the 2 sandy tills.

Occurrences of a clayey till west of the Grand River 
valley in Kitchener—Waterloo, and along valleys such 
as the Conestogo River and Canagagigue Creek, are 
believed to be Maryhill Till. In the northwestern part of 
the Waterloo Moraine, it is difficult to identify the 
sources and relationships of the numerous small 
patches of till that have been isolated by meltwater ero- 
sion. Assignment is made in a generalized way accord- 
ing to the presumed areas of each till sheet, and so the 
boundaries between till sheets on the accompanying 
maps are tentative.

Clay till, identified as Maryhill Till, (see “till P” in 
Karrow 1971a) caps much of the Waterloo Moraine 
from west of Waterloo to west of St. Agatha, leaving the 
impression that the ice rode up on a ramp of sand from 
the east, and then stalled.

The clay surface till between Alder Creek and the 
Nith River is also included in the Maryhill Till. This is 
“till H” of Karrow (1971a, 1974). West of the Nith Riv- 
er, this till passes beneath the Tavistock Till, and in 
some riverbank sections it overlies Catfish Creek Till. 
This till has not been found much west of the Nith Riv- 
er, to the south of the Easthope Moraine. It rises north- 
ward to cap the Phillipsburg spur of the Waterloo Mo- 
raine in ramp-like fashion, similar to the till cap at St. 
Agatha discussed previously (Photo 9). Contact rela- 
tionships with surface exposures of the Catfish Creek 
Till to the south are obscure. It is possible that some 
outcrops of clayey till near Plattsville and Bright are 
Canning Till.

Maryhill Till is commonly less than 10 feet thick, al- 
though together with interbedded lacustrine clay, it 
may exceed 50 feet. In outcrop, the Maryhill Till shows 
a well-developed pattern of desiccation cracks caused 
by shrinkage during drying of the clayey matrix. The 
surface characteristically has few stones (Photos 10 and 
11). Pebble counts and fabricstudies of the Maryhill Till 
are few because of the fine texture and generally 
stone-free nature of the till.

Fourteen samples, taken from sites near the Grand 
River valley that had the best exposures and the clearest 
stratigraphic relationships, averaged 9% sand and 42% 
clay when analyzed. Calcite content was 20 to 25%, do- 
lomite usually 5 to 12%, total carbonate around 30% 
and calcite-dolomite ratios generally between 1.5 and 
3.5. Afewsamples had unusually high dolomite content 
and correspondingly low carbonate ratios. The high 
clay content and high carbonate ratio are the most im- 
portant distinguishing characteristics of the till (Figure 
7). Four samples contained an average of 4.3% heavy 
minerals. Heavy mineral analysis of 2 samples averaged

Photo 9. Cap of clay till (tentatively identified as the Maryhill Till) 
over sand on the Phillipsburg spur of the Waterloo Moraine, north of 
Baden. The till is the darker layer on the upland, above the lighter 
sand slopes.



Stra tford—Con es logo Area

Photo 10. Clay till, tentatively identified as the Maryhill Till, exposed 
in a roadcut at the south end of New Hamberg. Note the erosion pat- 
tern and lack of pebbles.

Photo 11. A closeup of the exposure of clay till shown in Photo 10, 
showing prominent cracks and a lack of pebbles.

45% hornblende, 26% garnet, 9% magnetite, 6% clino- 
pyroxene, 4% hypersthene, 3.6% sphene and 2.5% tre- 
molite; colourless to red garnet ratios averaged 0.7.

A detailed study by Samis (1973), of 86 samples of 
the Maryhill Till from 3 sections along the Grand River, 
showed an average of 7% sand, 42% clay, 20% calcite 
and 10% dolomite-values similar to those of the pres- 
ent study and others previously reported by Karrow 
(1963, 1968b).

Seven samples of clay till on the Waterloo Moraine 
were analyzed, and averaged 15% sand, 35% clay, 22% 
calcite, 9% dolomite and 5.6% heavy minerals. These 
values indicate that the till on the moraine is somewhat 
coarser than the till found along the Grand River valley, 
and contains slightly more heavy minerals. The till va- 
ries considerably in detail, with basal contamination by 
underlying sand often evident. Because of the varia- 
tion, the possibility of there being more than 1 till in the 
unit described as Maryhill Till cannot be ruled out.

However, as other evidence for multiple tills is lacking, 
and because of the local variation vertically and lateral- 
ly in the same unit, the author believes only 1 ice ad- 
vance is represented.

Scattered erratics of Grenville marble from eastern 
Ontario, which could have been transported into the re- 
gion only by the Ontario lobe ice, have been found as far 
west as St. Agatha. The largest marble erratic was found 
about a mile east of Sunfish Lake, and measured 8 by 5 
by 4 feet (Photo 12).

Analyses of 8 samples of the clay till from east of the 
Nith River valley resulted in averages of 12% sand, 40% 
clay, 22% calcite and 10% dolomite. These values are 
similar to those for samples from the Waterloo Moraine 
and the Grand River valley. Trace element and heavy 
mineral analysis gave uncertain results, but favour the 
correlation of “till P” and Maryhill Till (Broster 1974; 
Reynolds 1975).

In typical exposures along the Grand River valley, 
Maryhill Till is often interbedded with laminated or 
varved clay and silt. The clayey texture of the till is prob- 
ably the result of the incorporation of lacustrine sedi- 
ment. Lacustrine sediment is concentrated along the 
Grand River valley, but stratigraphic information con- 
cerning its distribution elsewhere is scarce. The charac- 
ter of the Maryhill Till farther away from the lacustrine 
deposits along the Grand River valley is not known. 
Fine tills underlie the Port Stanley Till as far east as 
Guelph (Karrow 1968b), but their equivalence to the 
Maryhill Till has not been established.

Farther north and west, in the area affected by the 
Huron and Georgian Bay lobes, clayey and silty tills 
predominate both at the surface and in the subsurface. 
As a result, it has been difficult to determine which lobe 
deposited the Maryhill Till, and—if it was the Ontario 
lobe as has generally been assumed—where the west- 
ern margin of the till is located. Studies of trace ele- 
ments of clay tills in the region by Samis (1973) and 
Broster (1974), microfabrics by Baker (1978) and heavy 
minerals by Reynolds (1975), yielded conflicting results 
as to which lobe deposited these tills, and as to similari- 
ties between various pairs of the clay tills. Attempts to 
distinguish the various clayey tills located between the 
Grand River and Nith River have not been conclusive, 
because the till characteristics show intermediate val- 
ues or mixed results.

Deep exposures are lacking in the critical area be- 
tween the Grand and Nith River valleys. Thus, present 
interpretations are tentative. The difficulty in identify- 
ing the various tills is likely the result of mixing, which 
resulted from the oscillations of the Huron and Geor- 
gian Bay ice lobes from the west and north, and the On- 
tario-E rie  ice lobe from the east and southeast.

An eastern source for the clay till on the east flank 
of the Waterloo Moraine is indicated by the Grenville 
marble erratics. The fine texture and consistent carbon- 
ate content of the till indicate that this till is a western 
extension of the Maryhill Till. Clay till in the Nith River 
valley may be a southeastward extension of one of the
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Percent Clay

Figure 7. Relationship between the carbonate ratio and clay content of tills in the Stratford-Conestogo area.

Photo 12. Large erratic boulder of Precambrian Grenville marble, lo- 
cated east of Sunfish Lake.

Georgian Bay-Huron lobe tills (probably the Stirton 
Till). However, west of Mannheim, a patch of this till is 
overlain locally by lacustrine sediments that were laid in 
a proglacial lake which must have been dammed by ice 
to the east; this indicates a southeast source.

Conflicting information has to be weighed in inter- 
preting the origin for the clay tills of the area.

Deformation structures east of Petersburg indicate ice 
flow from the west, whereas deformation structures 
southeast of Bamberg indicate ice flow from the east. 
Both conflict with the present interpretation of direc- 
tion of ice flow associated with the overlying till.

Maryhill Till is of early Port Bruce Stadial age, 
probably having an age of between 14 000 and 15 000 
years. It appears to correspond closely in age to the Stir- 
ton Till of the Georgian Bay lobe, and is probably equiv- 
alent to the oldest sheets of Port Stanley Till to the 
south in the Erie basin.

Port Stanley Till
The Port Stanley Till was named by de Vries and Drei- 
manis (1960) after a town located on the north shore of 
Lake Erie. Karrow (1963,1968b) mapped a sandy till on 
the surface west of the Paris Moraine in the Galt and 
Guelph areas as Wentworth Till, but later reclassified it 
as Port Stanley Till because of its apparent continuity 
with surface till in older moraines of the Erie lobe (Kar- 
row 1974). Its continuation into the Stratford-Cones- 
togo map area was mapped as “till W” by Karrow 
(1971a).

In this area, Port Stanley Till is found in a belt up to 
2 miles wide which occurs along the eastern edge of the 
Conestogo map area, and which arcs eastward out of 
the Stratford map area through Kitchener-Waterloo. 
The margin of the till sheet swings southwestward to 
re-enter the Stratford map area west of Mannheim, and 
cuts across the southeast corner of the area to the 
southwest of Bright. This part of the till sheet is more 
than 5 miles wide from the corner of the map area, and
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crosses the southern part of the Waterloo Moraine. The 
till sheet is generally thin, is often absent near valleys, 
and is poorly represented in valley wall exposures.

In the north, the marginal zone of the till consists of 
loose sandy material—possibly ablation till—inter- 
bedded with sand. South of St. Jacobs, where the mar- 
gin lies near the hills of the Waterloo Moraine, there are 
patches of red till which were probably derived from the 
red Ordovician Queenston Shale east of the Niagara 
Escarpment, and transported englacially to the Strat- 
ford—Conestogo area. Generally, the till in the north is 
buff, comparatively soft and loose, sandy, and some- 
times stony. The southern part of the till sheet varies 
from sandy to silty; on the Ingersoll Moraine and in the 
south end of Kitchener the till is silty.

Where the underlying Maryhill Till is missing, the 
Port Stanley Till is sometimes difficult to distinguish 
from Catfish Creek Till.

Generally, the hardness and olive to buff colour of 
the latter allow it to be distinguished from the softer, 
more pinkish buff, Port Stanley Till. Port Stanley Till is 
also difficult to distinguish from the coarser facies of 
the Tavistock Till, which can have similar texture and 
carbonate content.

When analyzed, 14 samples of the Port Stanley Till 
from the area covered by the Conestogo map sheet con- 
tained an average of 44% sand, 15% clay, 17% calcite, 
23% dolomite and 4.5% heavy minerals. Ten samples 
from the area covered by the Stratford map sheet had 
finer textures (averaging 37% sand, 15% clay) and 
greater textural variation (18 to 60% sand), lower total 
carbonate and higher carbonate ratios because it con- 
tained less dolomite (average 14%), and a similar 
amount of calcite (18%). Cowan (1975), describing the 
Woodstock area to the south, reports that the till is finer 
still (17% sand, 30% clay), with increasing carbonate 
content and carbonate ratios westward.

Heavy mineral analysis of 4 samples from the Strat- 
ford area averaged 3.2% clinopyroxene, 25% garnet, 
51 % hornblende, 2.7% hypersthene, 9% magnetite and 
2.7% tremolite. One sample from the northern part of 
the Conestogo map area had double the clinopyroxene, 
only 11% garnet, 65% hornblende, about half as much 
magnetite, and similar amounts of hypersthene and 
sphene. Colourless to red garnet ratios ranged from 
0.21 to 0.85.

Fabrics measured at 2 sites near Elmira and 1 near 
New Dundee showed orientations of 100° to 110°. A 
long drumlinoid feature southeast of New Dundee has 
a similar trend.

In the Conestogo area, the Port Stanley Till is a 
thin, surface till overlying either Maryhill Till, wa- 
ter-laid sand and gravel along the Grand River valley, 
or Tavistock Till north of Waterloo. The ice lobe that 
deposited the Port Stanley Till (O ntario-Erie lobe) 
may have been contemporaneous with Tavistock ice 
(Georgian Bay lobe) at Waterloo, since the 2 tills

overlie the same older sand and gravel deposits on op- 
posite sides of the lower Laurel Creek valley. On the 
level plain east of Elmira, the Port Stanley Till margin is 
associated with lacustrine silt and sand deposits (usual- 
ly too thin to map). The lacustrine deposits are inter- 
preted as having formed in shallow meltwater ponded 
between the ice to the east and gently rising ground 
near the Elmira Moraine to the west.

This till extends eastward at the surface beyond the 
Stratford-Conestogo area to the edge of the next 
younger till sheet, the Wentworth Till (Karrow 1963), at 
the Paris Moraine. The till continues southward across 
the Woodstock map area (Cowan 1975), but extends to 
a lesser degree beyond the Ingersoll Moraine than in 
the Stratford map area.

In the Guelph area, drumlins and flutings asso- 
ciated with this till sheet show ice flow to the northwest 
out of the Ontario basin (Karrow 1968b). The arcuate 
till margin in the Conestogo area is convex westward, 
and suggests a westward projection of ice into slightly 
lower ground there. In the Stratford map area, a more 
pronounced arcuate margin which is also convex west- 
ward, suggests that the ice pushed toward the Nith Riv- 
er valley across the south end of the Waterloo Moraine. 
The areal extent and directional indicators demon- 
strate that this till was deposited by the combined On- 
tario -E rie  ice lobe.

The Port Stanley Till has been assigned to the Port 
Bruce Stade (Dreimanis and Karrow 1972). It repre- 
sents an important readvance of the Ontario—Erie ice 
lobe following an interval of ice retreat (the Erie Inter- 
stade see Dreimanis and Karrow 1972) during which 
lake sediments accumulated in the Erie basin. These 
sediments supplied clay and silt for the finer facies of 
the till sheet which are nearer the Erie basin. Near 
Kitchener, coarser materials were available, creating a 
much sandier facies from the same ice advance.

TILLS OF THE HURON-GEORGIAN BAY 
LOBE

Undifferentiated Till of the Easthope 
Moraine
Tills varying fron sandy to clayey in texture occur in the 
Easthope Moraine. It has not been possible during this 
project to correlate these tills confidently with the 
named tills of the rest of the area. Logically, the most 
likely to be present are the Tavistock Till, Stratford Till 
and Mornington Till. Further work will be required to 
delineate separate till boundaries in the Easthope Mor- 
raine. These undifferentiated tills are shown as “Unit 
2” on the accompanying maps (see “Back Pocket”). 

Stirton Till
The Stirton Till was named by Karrow (1974) for a 
settlement at the northeast corner of Conestogo Lake, 
and has as its type section the Conestogo Dam cut.

This till is only exposed in valley walls in the Strat- 
ford—Conestogo area, principally along the upper Nith
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and Conestogo rivers, and therefore does not appear 
on the accompanying maps. It was formerly well ex- 
posed in roadcuts east of Conestogo Lake. The charac- 
ter and origin of the till are less well known than those of 
some of the other tills because there are so few expo- 
sures of Stirton Till.

The eastward extent of the Stirton Till, and wheth- 
er it outcrops beyond the younger tills that cover it in 
the upper Nith River valley, are uncertain. It has not 
been recognized much east of Conestogo Lake. Toward 
Wallenstein it is absent, and the younger Tavistock Till 
rests directly on Catfish Creek Till. A clayey till be- 
tween Wellesley, Phillipsburg and Josephsburg may 
represent an extension of the Stirton Till, but the youn- 
ger, coarser, Tavistock Till has not been positively iden- 
tified there to serve as a stratigraphic marker. Confu- 
sion between Stirton Till and the younger Mornington 
and Maryhill tills remains a difficult problem. Stirton 
Till probably does not extend much south of the Nith 
River valley; it is absent at Stratford and along the Trout 
Creek valley.

Its distribution resembles that of the younger Mor- 
nington Till.

Near Conestogo Lake, the till is generally only a 
few feet thick. To the southwest along the Nith River 
valley (Photo 13), thicknesses greater than 10 feet are 
typical.

Exposures of this till reveal a massive, blocky char- 
acter with low stone content. Fifteen samples were tak- 
en from what was believed to be this unit (Table 2). 
They show a distinct pattern of variation. Near Cones- 
togo Lake, the till contains approximately 60% silt and 
a moderate amount of carbonate, and has a relatively 
low carbonate ratio (around 1.0). Southeast of Milver- 
ton, clay predominates (around 60%), and the carbon- 
ate ratio is over 3.0 (around 8% dolomite and about 
25% calcite). Along sections of the Nith River, in the vi- 
cinity of MUlbank and south of its junction with Smith 
Creek, silt and clay are present in nearly equal propor- 
tions (about 45% each), the carbonate content is 33 to 
37%, and carbonate ratios range between 1.3 and 1.7. 
Most samples have less than 15% sand with no system- 
atic variation.

Heavy mineral analyses of 5 samples (Table 3) re- 
veal averages of approximately 5% clinopyroxene, 
4.5% colourless garnet, 19% red garnet for a colourless 
to red garnet ratio of about 0.2,45% hornblende, 10% 
magnetite and 6% tremolite. Fabric measurements on 2 
beds of the till at a site east of Conestogo Lake suggest 
eastward or southeastward ice movement.

Stirton Till sometimes rests directly on Catfish 
Creek Till, as at the type section, but at other sites rests 
on sand. It is overlain by Tavistock Till, or by interven- 
ing water-laid sediments.

Photo 13. Nith River section northwest of Nithburg (S-1882), exposing Tavistock Till (T) over sand, over Stirton Till (B). Stirton Till is only 
exposed in valley walls in the Stratford-Conestogo area, principally along the upper Nith and Conestogo rivers.
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Its relationship to Maryhill Till and “till H” (Kar- 
row 1971a) is uncertain.

The till’s lower calcite to dolomite ratio and coarser 
texture near Conestogo Lake probably reflect the un- 
derlying dolomitic bedrock. Its high clay content and 
carbonate ratio southeast of Milverton probably result 
from the effect of the underlying, major buried valley 
on the distribution of dolostone and limestone upglaci- 
er, or from the presence of lacustrine clay in the valley. 
In either case, these pronounced variations caused dif- 
ficulty in generalizing the characteristics of this till, and 
in distinguishing it from the other fine-textured tills in 
the area at sites where stratigraphic position is un- 
known.

From its general distribution, Stirton Till is inter- 
preted as having been deposited by the H uron-G eor- 
gian Bay lobe. In spite of uncertainty about their inter- 
relationships, Stirton Till and Maryhill Till are probably 
of similar age, and represent an early Port Bruce ice ad- 
vance. The limited area of Stirton Till, however, sug- 
gests it represents only a minor and local event.

Tavistock Till
Tavistock Till is named after the town of Tavistock, 
where it is the surface till. It has its type section at Har- 
mony, south of Stratford (Photo 14).

Tavistock Till occurs at the surface over a large area 
from the Easthope Moraine to beyond the south edge 
of the area and east to the Nith River, and in a belt west 
of the Port Stanley Till between Waterloo, Elmira, 
Alma and Conestogo Lake. Its outer margin is con- 
cealed in the vicinity of Waterloo, but is displayed from 
New Hamburg to the edge of the area southwest of 
Bright. Tavistock Till apparently does not extend east to

the Grand River (Samis 1973). It is a buried till in sec- 
tions along the Conestogo, upper Nith and Avon river 
valleys. Its margin is not known in the Waterloo Mo- 
raine between New I Iamburgand Waterloo. As a result, 
continuity between its northern part (see “till C” in Kar- 
row 1971a), located mainly in the Conestogo map area, 
and its southern part (see “till T ” in Karrow 1971a), lo- 
cated mainly in the Stratford map area, has not been 
proven. The northern area of this till is larger; the till 
forms a buried unit in many valley exposures through 
much of the Conestogo map area, and has been traced 
into the city of Waterloo in the northeast corner of the 
Stratford map area. Its presence in the northwestern 
part of Waterloo considerably complicates the task of 
mapping tills there, and in the rough country of the Wa- 
terloo Moraine.

In roadcuts, Tavistock Till displays hairline desicca- 
tion cracks, and on rainwashed surfaces, it displays 
many stones (Photos 15 and 16. It typically has a gritty, 
clayey silt texture, and commonly contains small pieces 
of red shale. Erratics of Precambrian jasper conglomer- 
ate were often found on the surface of this till; as this 
rock comes from Huronian beds north of Lake Huron, 
it provides an excellent provenance indicator (Karrow 
1977).

In areas surrounding inliers of the underlying Cat- 
fish Creek Till south of Tavistock, and in its basal part 
along the Trout Creek valley, the Tavistock Till is com- 
monly coarser than usual—apparently from the incor- 
poration of sandy Catfish Creek Till and perhaps asso- 
ciated glaciofluvial sediments. The mapped boundaries 
of the inliers are only approximate, because of this tex- 
tural variation.

Twenty-four samples of till from the southern part 
of the area contained an average 20% sand, 26% clay,

Photo 14. Type section for Tavistock (T) and Stratford (S) tills, located near Harmony. TivistockTill occurs at the surface over a large part of the 
Stratford-Conestogo area. In this location it underlies the coarser-grained Stratford Till. The Stratford Till is thin and of limited extent 
throughout the area.
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Photo 15. A roadcut which exposes silty Tavistock Till, north of Pun- 
keydoodles Corners.

Photo 16. Acloseup of the same exposure (Photo 15) reveals hairline 
cracks and a stony surface typical of rain-washed Tavistock Till.

22% calcite, 16% dolomite, and had an average carbon- 
ate ratio of 1.4. The till coarsens southeastward to con- 
tain 30% or more sand, as compared to less than 20% 
sand near Stratford. Clay decreases from over 30% 
near Stratford to less than 25% near the margin of the 
till sheet; this agrees with the observations of Cowan 
(1975) in the Woodstock area to the south, and of Sado 
(1980) in the Lucan area to the southwest. The carbon- 
ate shows no apparent trend. Heavy minerals (15 sam- 
ples) averaged 4.9%, with a slight increase in the 
amount of heavy minerals found in samples from the 
southeast. Five pebble counts averaged 42% limestone, 
36% dolostone, 3% chert, 4% elastics and 15% Precam- 
brian types, with insufficient data to determine any 
trends. Two heavy mineral analyses gave similar results, 
averaging 1.2% clinopyroxene, 3.4% epidote, 25% gar- 
net, 50.5% hornblende, 2.2% hypersthene, 9.4% mag- 
netite, 4.3% tremolite and an average clear to red gar- 
net ratio of 0.55. Two till fabric studies yielded principal 
peaks at 140° (S-4127, southeast of Tavistock) and 50° 
(Harmony cut). The Harmony result may be a cross 
fabric. It is considered reliable because the Tavistock

fabric measurement parallels flutings on the till surface, 
and is perpendicular to small moraine ridges. Also, the 
Harmony site was later overridden (it is overlain by 
Stratford Till) and so disturbance of the fabric is more 
likely.

More samples from the northern area have been 
analyzed, because the till is more extensive there. Upon 
analysis, 52 samples contained an average of 24% sand, 
25 % clay, 20% calcite and 18% dolomite, for a total car- 
bonate percentage of 38 and a ratio of 1.1. Thus, the 
northern samples are slightly sandier and slightly less 
silty, and contain less calcite and more dolomite. As in 
the south, the till is sandier with carbonate ratios fre- 
quently less than 1.0, along its eastern edges. These 
variations lead to difficulty in distinguishing the Tavi- 
stock Till from the Port Stanley Till.

Pebble counts at 10 sites averaged 26% limestone, 
61% dolostone, 3% chert, 2% elastics and 8% Precam- 
brian. Chert ranges from 5 to 10% in some samples east 
of Conestogo Lake and near Linwood; it probably com- 
es from the Devonian Bois Blanc Formation. Lime- 
stone is lowest (20% or less) in the northeast, but in- 
creases westward to over 40% near Linwood. Dolo- 
stone decreases from about 70% in the east to 50% in 
the west. These changes also reflect changes in local 
bedrock lithology from Silurian dolostones in the east 
to Devonian limestones in the west. Fabrics at 4 sites 
had major peaks aligned from south to southeast. Scat- 
tered surface flutings also suggest a southeasterly ice 
flow.

Heavy mineral percentages (29 samples) averaged 
4.7%, and showed no obvious trend. Twelve samples av- 
eraged 7.3% clinopyroxene, 1.5% epidote, 21.6% gar- 
net, 47.9% hornblende, 3.9% hypersthene, 8.6% mag- 
netite, 3.6% tremolite, and had a purple to red garnet 
ratio of 0.48. Some regional trends in the assemblages 
help explain the differences between the northern and 
southern samples, in that more clinopyroxene occurs in 
the northeast and more epidote and tremolite occur in 
the southwest. Athough the amount of garnet is fairly 
constant, the purple to red garnet ratio rises near the 
edge of the till sheet from 0.1 to 0.4 in the central and 
western samples, to 0.6 to 1.1 in the southeast and east.

Athough it has not been possible to trace a contin- 
uous till sheet from north to south, the similar character 
of the till, the stratigraphic position of the till, and the 
similar ice-flow direction as indicated by faint flutings 
and by till fabrics, leave little doubt that the till in both 
areas is Tavistock Till (Karrow 1974).

Tavistock Till overlies Catfish Creek Till in the 
southwest and near Wallenstein, Stirton Till in the up- 
per Nith {see “Photo 13”) and Conestogo river valleys, 
and Maryhill Till near Elmira and Waterloo. It overlies 
the western part of the Maryhill Till (“till H”, Karrow 
1971a) along the Nith River valley south of New Ham- 
burg. It is overlapped in the east between A m a and Wa- 
terloo by the Port Stanley Till, in the west near Stratford 
by the Stratford Till, and by the Mornington Till near, 
or west of, the Conestogo River.
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Cowan (1975) and Sado (1980) traced the margin 
of the till south to Woodstock and west toward London. 
Cowan (1976) traced it northeastward to near Orange- 
ville and mapped it northward through the Palmerston 
map area (Cowan 1979). The great extent of this till 
clearly indicates a strong and important readvance by 
the east flank of the combined H uron-Georgian Bay 
lobes. The provenance of the till in this area was north- 
ern Georgian Bay.

The age of the Tavistock advance is early Port 
Bruce Stade (Dreimanis and Karrow 1972). It is be- 
lieved to be close to the age of the Port Stanley Till of 
the Ontario—Erie lobe and was the earliest widespread 
advance of the Huron—Georgian Bay lobe following 
the Erie Interstade.

Mornington Till
The Mornington Till is named for Mornington Town- 
ship, Perth County, where it is the surface till. The type 
section is the Conestogo Dam cut (Karrow 1974). The 
Mornington Till is the surface till in the Conestogo map 
area between the Milverton Moraine on the west and 
roughly the Conestogo River on the east. Its eastern 
margin is exposed along the Macton Moraine, but 
becomes lost in the northeast part of the Easthope 
Moraine.

This silty clay till displays well-developed desicca- 
tion cracks in roadcuts. It has few stones but shows a 
surprisingly high concentration of pebbles on a rain- 
washed surface. It is stonier than the Stirton or Maryhill 
tills, but contains fewer stones than Tavistock Till. It 
typically forms a gently undulating surface with local 
pond deposits in depressions. It also forms subdued 
hummocky moraine, as found in the Macton Moraine.

Mechanical analyses (38 samples), carbonate anal- 
yses (37 samples) and pebble counts (12 samples) for 
samples of the till are shown in Table 2. The results of 8 
heavy mineral analyses are summarized in Table 3.

Regional trends in composition are similar to those 
for the Stirton Till. High carbonate ratios (over 2.0) and 
usually low dolomite content (10% or less) are found in 
the area south of Milverton to Linwood. High clay per- 
centages are found in a zone along the upper Nith River 
valley to north of Wellesley. Indeed, there is a general 
correspondence between clay content and carbonate 
ratio within Mornington Till—a relationship often ob- 
served in the tills of this region. The relationship is well 
shown when average values for each till are plotted on 
the same diagram (see “Figure 7”), and may be the re- 
sult of some partially related factors, as follows.

Most till in the area was deposited by ice which 
flowed from the northwest, northeast or southeast, over 
dolostone bedrock. Dolostone clasts tend to occur in 
the coarser size ranges because of their nearby source, 
whereas calcite clasts come from farther away and have 
been crushed to finer sizes. Secondly, given a similar 
distance of glacial transport, calcite tends to crush to 
finer sizes (Dreimanis and Vagners 1972). Lastly, the

texture of the clay tills resulted from the incorporation 
of fine lacustrine sediments into the till, and the miner- 
al-texture relationships have been further exaggerated 
because sorting by water has separated the various 
sizes, each of which has a characteristic mineral compo- 
sition.

The effect of local dolomite sources is also evident 
in the relationship between total carbonate content and 
the carbonate ratio (see “Figure 6”). High total carbon- 
ate contents correspond to high dolomite contents, and 
low carbonate ratios. These relationships do not neces- 
sarily hold for other areas. For instance, the St. Joseph 
Till of the Wyoming Moraine (outside of the map area, 
near Lake Huron) is fine textured but has a low carbon- 
ate ratio.

Mornington Till fabric measurements were taken 
at 10 sites. Seven of the fabric measurements indicate 
ice flow to the southeast at about 120°, while 3 have 
peaks indicating ice flow to the northeast. The latter 
measurements may represent cross fabrics. Starting 
about 4 miles southeast of Wellesley at field station 
S-474 (see “Map 2559” in “Back Pocket”), a prominent 
concentration of black shale occurs in the till and ex- 
tends southeast for 2 miles parallel to the fabric trend of 
100°. It is presumed that a block of shale which was be- 
ing transported englacially, broke up and was spread 
out southeastward. The shale contains rare graptolite 
and trilobite fragments, suggesting a source in the Col- 
lingwood Member of the Lindsay Formation (Russel 
and Telford 1983), previously known as the lower mem- 
ber of the Ordovician Whitby Formation (Liberty 
1969), in southwestern Georgian Bay. The local coarse- 
ness and rather low carbonate ratio of the till containing 
the shale also indicate that the shale was of englacial 
origin.

The Mornington Till is directly overlapped by the 
Stratford Till in the southwest near the Nith River, and 
by the Elma Till near SpringCreek. Relationships along 
the Milverton Moraine are largely inferred because the 
Mornington Till resembles the Wartburg Till, which 
forms the core of the moraine southwest of Brunner. 
However, Mornington Till can generally be distin- 
guished from the coarser Elma Till, which mantles the 
Milverton Moraine north of Brunner. The Mornington 
Till overlies the Tavistock Till or, more commonly, thin 
intervening sands and silts. Its distribution and appear- 
ance are somewhat similar to the Stirton Till, which un- 
derlies the Tavistock Till.

Mornington Till is of Port Bruce Stadial age, and is 
believed to have been deposited by a brief southeast 
readvance of the Huron-Georgian Bay ice lobe during 
its overall retreat from its maximum Port Bruce ad- 
vance (which laid down the Tavistock Till). Its clayey 
texture is attributed to undiscovered, overridden, lake 
clay. During retreat, the ice stagnated near its margin, 
developing an intricate pattern of small, low ridges (see 
“Photo 2”). Although extensive within the Conestogo 
map area, this till represents a minor glacial event in the 
overall glacial history.
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Stratford Till

The Stratford Till is named after the city of Stratford, 
where it occurs at the surface. The type section is lo- 
cated at the Harmony roadcut {see “Photo 14”). At this 
location the Stratford Till overlies the Tavistock Till 
(Karrow 1974).

The Stratford Till forms the surface till sheet in 
much of the western part of the Stratford map area, 
south of the Milverton Moraine. Its southern, or outer 
margin extends for several miles northeast of Harmony. 
Near the Easthope Moraine its location is uncertain be- 
cause of the complexities of that moraine. In the St. 
Marys area, Stratford Till has been mapped westward 
to the North Thames River (Karrow 1977).

This till sheet is typically thin, with the underlying 
Tavistock Till commonly exposed along shallow valleys. 
It is particularly thin near Stratford where even shallow 
excavations penetrate the underlying Tavistock Till, as 
observed at several locations throughout the city {see 
“Appendix D”, sites S-4876, S-4139 and S-4873; also ob- 
served in an excavation at Brunswick Street and Water- 
loo Street).

In the field, this till is a fairly stony, sandy, silt till, 
and is soft and friable. Except for the subsurface Catfish 
Creek Till, and the Elma Till near Listowel, the Strat- 
ford Till is the coarsest of the tills derived from the 
northwest. Most of the Huron lobe tills are silty to 
clayey. Lacustrine silt and clay, and minor moraines 
nearly covered by the shallow glacial lake deposits, 
characterize most of its surface.

Analyses of 23 samples of Stratford Till averaged 
30% sand and 18% clay. Twenty-two samples contained 
an average of 22% calcite and 21% dolomite, and had 
carbonate ratios of 1.0. In the St. Marys area to the 
west, this till is sandier but has a similar carbonate con- 
tent (Karrow 1977). The heavy mineral content for 16 
samples averaged 4 .2% -a rather low value. Heavy 
mineral percentages are available for only 2 samples 
{see “Appendix B”, sites S-4873B and S-2248U); aver- 
age values are given in Table 3. Combined results for 2 
pebble counts are given in Table 2. Two fabric measure- 
ments yielded major peaks at 110’ .

As exposed in its type section and at many other 
sites, Stratford Till overlies Tavistock Till. The northern 
part of the till sheet (near the Nith River) overlaps the 
Mornington Till eastward as far as Wellesley, however, 
based on the lack of indentified occurrences, the latter 
till probably does not extend much farther southward 
beneath the Stratford Till. Northwest of Stratford, the 
Stratford Till is apparently overlapped by the Wartburg 
Till of the Milverton Moraine. In the St. Marys map 
area to the west, the till sheet is overlapped by the Ran- 
noch Till of the Mitchell Moraine (Karrow 1977).

Because this till is thin and of limited extent, it is 
believed to represent a minor readvance during the 
overall ice retreat. Although it overlaps the Morning- 
ton Till, it probably succeeded the latter almost

immediately in time, with both events merely repre- 
senting short readvances of part of the ice front. Strat- 
ford Till is assigned a middle Port Bruce Stadial age.

Wartburg Till
Wartburg Till is named after the village of Wartburg, 
which is just west of the present map area (Karrow 
1977). The type section is a roadcut in the Milverton 
Moraine, southwest of Wartburg.

The Wartburg Till covers only a small area, and 
little is known about it. It forms the bulk of the Milver- 
ton Moraine from Brunner to Fullarton in the St. Marys 
map area, and south from Brunner forms an ever-wid- 
ening wedge along the front of the moraine. This clay 
till has the nearly stone-free surface marked by well-de- 
veloped desiccation cracks that is typical of clayey tills. 
Analyses of Wartburg Till are given in Appendix A and 
average values are presented in Table 2.

Although not actually observed, its contact with the 
overlying silty Elma Till is inferred over tens of feet. 
The crosscutting southwesterly trend of the Milverton 
Moraine, in relation to the more nearly westerly trends 
of small moraine crests on the Stratford Till, indicates 
that the moraine and the Wartburg Till were deposited 
by an ice advance that moved southeast and overrode 
the Stratford Till. Only the southern part of the Milver- 
ton Moraine remained exposed during the succeeding 
readvance that deposited the Elma Till.

Like the Stirton, Mornington and Stratford tills, 
the limited distribution of the Wartburg Till indicates 
only a local and brief readvance of the ice margin during 
the Port Bruce Stade.

Elma Till
Elma Till (Photo 17) is named after Elma Township, 
where it occurs at the surface (Karrow 1974). Exposures 
in Elma Township define the type area; it is impractical 
to designate a type section because of the level surface 
and lack of deep exposures.

Photo 17. Closeup of ElmaTill, in a location southeast of Listowel. In 
this area the Elma Till is a soft, friable, stony, sandy silt till.
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The outer margin of this till has been mapped along 
the Milverton Moraine to southeast of Listowel, and 
eastward toward Conestogo Lake. Northward, it cross- 
es the Palmerston map area toward Mount Forest 
(Cowan 1979), and it extends westward to near Fullar- 
ton in the St. Marys map area (Karrow 1977).

Elma Till forms a gently undulating surface with 
numerous patches of lake silt in the depressions. As 
previously noted, this till forms a few minor moraines, 
and on its eastern margin it appears to form much of the 
bulk of the Milverton Moraine north of Brunner. Flut- 
ings are well developed between Listowel and Conesto- 
go Lake on a siltier facies of the till, with drumlinoid 
forms present on the sandier till near Listowel.

Elma Till ranges from a silty till near its outer mar- 
gins, to a sandy silt till in the northwest near Listowel. 
Where silty, the till is compact, but where sandy, it can 
be soft and friable. It is commonly stony, particularly 
where sandy. As Elma Till coarsens, its colour lightens 
from light brown to buff or cream. Near Conestogo 
Lake, the silty facies is difficult to distinguish from Tavi- 
stock Till.

The texture, composition and carbonate content of 
the till are shown in Table 2, and heavy mineral content 
is shown in Table 3. The till contains an appreciable 
amount of dolomite, which reflects ice movement along 
the strike of Paleozoic dolostone north of the area. 
Analyses support the field observation that the till is 
coarser in the north (30% sand, 20% clay), and has low- 
er carbonate ratios (0.1 to 0.3) than in the south (20% 
sand, 30% clay and carbonate ratios of 0.6 to 1.0). As 
with the MorningtonTill, the relationship between clay 
content and carbonate ratio is evident (see “Figure 7”). 
The heavy mineral content of 3 samples averaged 
3.48%—a low value.

The effect of Paleozoic dolostone is also evident in 
the pebble content of the till (see “Table 2”). The Devo- 
nian Bois Blanc Formation is the source of the chert, as 
well as dolostone.

Like the older Wartburg and Stratford tills, Elma 
Till was apparently overlapped from the west by the ice 
readvance that deposited Rannoch Till as far east as the 
Mitchell Moraine. The Elma Till is inferred to overlie 
Wartburg Till along the Milverton Moraine, and Mor- 
nington Till near Conestogo Lake.

Pebble fabrics, flutings and drumlins indicate ice 
movement to the southeast. Three fabric measure- 
ments had peaks at 90°, 140° and 160°. Tracing drumlin 
trends up-ice through the Teeswater drumlin field leads 
to a Georgian Bay source. The glacier flowed southwest 
leaving the Georgian Bay basin, but arced southeast- 
ward toward the present area.

The extent and apparent thickness of this till within 
and beyond the map area indicate a strong ice advance. 
Although the Elma advance did not extend as far, it 
compared in strength and direction to the earlier ad- 
vance that deposited the Tavistock Till. Differences in 
the tills include increasing coarseness and decreasing

carbonate ratios southeastward in the Tavistock Till, 
and the opposite in the Elma Till. In both cases, these 
variations can be explained by the increasing incorpo- 
ration of the underlying tills down-ice; material from 
the Catfish Creek Till and its associated glaciofluvial 
deposits was incorporated into the Tavistock Till and 
material from the clayey Wartburg and Mornington tills 
was overridden and incorporated into the Elma Till.

Mapping in this area, and nearby areas (Cowan 
1979; Cooper et al. 1977; Sharpe and Edwards 1979), 
indicates that Elma Till was the last till deposited on 
“Ontario Island” by ice advancing from the northwest.

Subsequent ice advances were from the west, out of 
the southern Lake Huron basin. The change in ice flow 
direction took place in the later part of the Port Bruce 
Stade. All post—Catfish Creek tills of the area are as- 
signed to the Port Bruce Stade.

GLACIOFLUVIAL SEDIMENTS
Glaciofluvial landforms have been described earlier 
(see “Geomorphology”); their composition and struc- 
ture are discussed in this section. Glaciofluvial sedi- 
ments consist of debris laid down by meltwater flowing 
from glacial ice. The resulting sediments are stratified 
and sorted to varying degrees, and the clasts are more 
or less rounded during water transport. These features 
make sampling difficult because, unlike a till which has 
been mixed and homogenized and can reasonably be 
represented by a single sample, numerous samples of 
glaciofluvial sediments are required for complete char- 
acterization. Also, gravels require large samples for val- 
id size analysis. Finally, as glaciofluvial sediments of the 
area are principally reworked till, their composition va- 
ries with the till from which they were derived. For these 
reasons, little detailed work was done on these depos- 
its. Surface deposits were simply classified as principal- 
ly sand or gravel, and largely on the basis of landform, 
into eskers, kames or outwash. Pebble counts were 
made at some sites because gravel composition can in- 
dicate source and is of economic interest. One sedi- 
mentological study of outwash gravels was made near 
Paris, Ontario, a few miles southeast of this area, by 
Eynon and Walker (1974).

Some of the glaciofluvial deposits are buried. A 
number of these are large and found near the surface, 
with perhaps a thin covering of till. Their original form 
may have been little altered by subsequent glacial over- 
riding. These may be studied almost as readily as a sur- 
face deposit. Most buried deposits, however, have few 
exposures and little is known of their extent and origin. 
Most of those deposits lying between tills are thin and 
lenticular.

There is a direct association between till texture 
and the abundance of glaciofluvial sand and gravel in 
the area; large glaciofluvial deposits are associated with 
coarse tills and are rare over clayey tills. Thus, outwash 
is mainly found in the southeast, in association with the 
Catfish Creek and Port Stanley tills. By analogy with 
surface tills, one should expect that there are buried
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deposits associated with the sandy and stony Catfish 
Creek Till in those areas where it underlies younger 
sediments. Further, much of the sand and gravel found 
in the lower Nith River valley is “imported”; it was 
derived from the sandy Port Stanley and Wentworth 
tills to the northeast of the area, and transported 
through the Speed and upper Grand river valleys. In the 
eastern part of the Conestogo area, modest deposits of 
outwash are associated with the coarse, outer part of 
the Tavistock Till and the western part of the Port Stan- 
ley Till. All the eskers are associated with the Port Stan- 
ley, Tavistock and Elma tills. Kames are more widely 
distributed, but most are found in the large Easthope, 
Waterloo and Elmira moraine complexes and their ori- 
gin is not clear. Most of these moraine complexes have 
been overridden at least once by ice advances.

Kuehl (1975) has studied the sediments of the 
Hawkesville kame, southeast of Hawkesville. This de- 
posit is about 2 miles long and up to 0.75 of a mile wide, 
with its longer axis trendingsouth. The kame reaches an 
elevation of over 1300 feet, and rises about 100 feet 
above the surrounding ground. It has steep ice-contact 
slopes on both sides, and a cap of Tavistock Till several 
feet thick on the south end. The slope of the bedding in- 
dicates southward stream flow and there is evidence of 
rapid sedimentation. H.C. Saunderson (Wilfred Lauri- 
er University, personal communication, circa 1974) 
suggests that the deposit resembles the Brampton esker 
he described previously (Saunderson 1975). Bowes 
(1976) also studied the Hawkesville kame, as well as 
other glaciofluvial deposits in Woolwich Township. He 
reports paleocurrents in most deposits in the Conesto- 
go map area were either westerly from the Ontario 
lobe, or southeasterly from the retreating Georgian 
Bay lobe that had deposited the Tavistock Till, and pic- 
tures the Hawkesville kame as forming in a re-entrant

in the southern edge of the retreating Georgian Bay 
lobe ice. Tavistock Till covers the low ground around 
the Hawkesville kame.

The large moraine complexes—the Elmira, Water- 
loo and Easthope moraines—include huge masses of 
fine sand. Often the sands are uniform and silty and re- 
semble delta deposits, but modification through glacial 
overriding and dissection has obscured their origin. Al- 
though there are numerous exposures, they are too 
shallow to reveal the core of the deposits. A high calcite 
content, found by surface sampling in the sand of the 
Waterloo, Elmira and Orangeville moraines, suggested 
to Chapman and Dell (1963) that the material came 
from far to the northeast during major interlobate de- 
position. They believed that the ultimate source of ma- 
terial was Ordovician limestone east of the Niagara Es- 
carpment, and that the origin of the Waterloo, Elmira 
and Orangeville moraines was related to the formation 
of the Oak Ridges Moraine complex. More informa- 
tion is needed to determine the history of these depos- 
its, but tills which contain abundant calcite in the silt 
and clay fractions, such as the Maryhill Till, might also 
have contributed calcite to the moraine materials.

Substantial volumes of ice-contact sand and gravel 
also form parts of the moraines. Good gravel, for exam- 
ple, is exposed in isolated kames east of Amulree {see 
“Photo 5”), and in the Waterloo Moraine northwest of 
New Dundee (Photo 18) in a belt extending southwest 
from Mannheim toward Plattsville. These, and other 
kame gravels show abrupt and marked changes in tex- 
ture from bed to bed. They vary from almost massive, 
coarse sand to dirty cobble gravel, through pebbly sand 
and sandy gravel, to well-sorted sand and openwork 
gravel. Süty sand may be present. Structural distur- 
bance resulting from collapse around melting ice has 
occurred.

Photo 18. Ice-contact gravel in the Waterloo Moraine, located northwest of New Dundee.
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Internal structures of esker sand and gravel are dis- 
played in pits east of Listowel (see “Photo 6”), but expo- 
sures are generally too poor to determine direction of 
current flow. External form and distribution have usu- 
ally been more informative for this purpose.

Although the sorting in individual beds in outwash 
may be much the same as in kames and eskers, the over- 
all assemblage is more uniform and better sorted. Dis- 
turbance through collapse from melting ice is rare. Its 
greater uniformity and sheet-like form makes outwash 
more prized than kames as a source of sand and gravel 
(Photo 19).

Pebble lithology has been determined for several 
deposits (see “Appendix C” and “Figure 8”). The gener- 
al pattern follows that of the tills of the area, which in 
turn is controlled by bedrock lithology. Dolostones 
derived from Silurian formations dominate in the east 
and north, whereas limestone becomes more common 
over Devonian bedrock in the west. Chert, mainly 
derived from near the base of the Devonian sequence, 
is most common in tills and related glaciofluvial depos- 
its derived from the northwest or west. For instance, the 
eskers on the Elma Till east of Listowel contain 13 to 
17% chert, kames in the Easthope Moraine contain 3 to 
8% chert, and buried outwash along Laurel Creek in 
the northeast part of the city of Waterloo contains 14 to 
27% chert. The Laurel Creek deposits merge down- 
stream to the east with the Grand Rivervalley outwash, 
which was derived from the northeast and contains 
little or no chert. The abundance of chert clearly indi- 
cates that the Laurel Creek gravels were derived from 
the northwest. In contrast, the outwash gravels north- 
east of Floradale a nd the outwash of the lower Nith Riv- 
er valley bear little or no chert, and probably came from 
the north or northeast.

GLACIOLACUSTRINE SEDIMENTS
Fine sediment deposited by glacial meltwaters in 
slow-moving or quiet bodies of water (such as ponds 
and lakes) is particularly widespread near the western 
edge of the area where it forms irregular lacustrine 
plains several miles wide. In contrast to the coarse sedi- 
ments, it is especially abundant on silty to clayey tills 
such as the Elma, Mornington and Tavistock tills, as 
well as the sandier Stratford Till. Lacustrine sediment is 
associated with the gentle topography of these till 
plains, where it spreads widely as a thin veneer on top of 
the till. Mapping in these areas was often difficult be- 
cause the boundaries of the till and the lacustrine units 
were more difficult to discern than in hillier areas. The 
gentle depressions in the till plains have been subdued 
even further by lacustrine sediments. On airphotos, the 
lacustrine deposits have smooth surfaces and darker, 
more even tones than the mottled till areas. Since only 
deposits over 3 feet thick are shown on the accompany- 
ing maps (see “Back Pocket”), areas mapped as till also 
include widespread areas of thin lacustrine sediment. 
Also, areas mapped as lacustrine deposits include nu- 
merous small till knolls projecting to, or near to, the sur- 
face (Photo 20).

In contrast to the widespread, thin lake sediment in 
the western part of the area, the more rugged terrain in 
the eastern part contains only small bodies of lake sedi- 
ment, generally in ice-block depressions, and often not 
of mappable extent. These bodies may be thicker, and 
because of steep surrounding slopes, may have contin- 
ued to receive material from slope wash. This process 
was probably enhanced during, and has probably in- 
creased since, land clearance in the 19th century.

Because of their extent, the most important lake 
deposits are found in the western part of the area. Many

Photo 19. Outwash gravel located on the south side of the Nith River, south of New Dundee. The overall uniformity and sheet-like nature of 
outwash make it a good source of sand and gravel.
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Figure 8. Areal variation in pebble lithology of glaciofluvial deposits.
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Photo 20. Knolls of Stratford Till which project upward into lacus- 
trine silts. The light-colored Stratford Till contrasts with the wet, 
dark lacustrine silts in this ditch located north of Stratford.

of the exposures show little or no stratification in the 
deposits. The sediments range from sand through silt to 
stony clay (Figure 9). Silt is generally the predominant 
component, perhaps because agitation in the shallow 
lake waters kept clay suspended until the waters passed 
beyond the area, and because silt is generally the most 
abundant component of the tills from which much of 
the lacustrine sediment in the area was derived.

Although shorelines have not been recognized, 
shallow-water sands were noted in places within a ra- 
dius of 2 miles of Gads Hill. These sands indicate that 
one of the larger lakes east of the Milverton Moraine, 
between Brunner and Stratford, had a former water 
level of about 1220 feet. A shallow-water deposit was 
also noted 1.5 miles northeast of Gads Hill along High- 
way 19, where a till knoll had evidently formed a shoal in 
the lake and waves had reworked the till into a sandy 
deposit. After field examination it was uncertain 
whether these fossiliferous sands were glaciolacustrine, 
or were deposited in ponds which existed for some time 
after déglaciation. However, fossil molluscs and ostra- 
codes were found at 3 places in the upper part of these 
deposits (Table 6). Though the molluscs were not eco- 
logically distinctive, the ostracodes did suggest

Figure 9. Grain-size cumulative curves for selected lacustrine and glaciolacustrine deposits.
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Table 6. Fossils from lacustrine deposits near Gads Hill.

Site Numbers
S —797 S—816 S-822

Molluscs1’2:
Pisidium casertanum - 20/2 1/2
P. casertanum roperi 2/2 - -
P. lilljeborgi - 15/2 3/2
Sphaerium cf. lacustre - - 1/2
Gyraulus parvus - - 1
Lymnaea elodes 15 - 3
Ostracodes3:
Candona Candida X X -
C. caudata X - -
C. cf. C. paraohioensis - X X
C. willmani - X -
Cyprinotus glaucus X - X
Cytherissa lacustris - X -
Limnocythere herricki - X X

1 Molluscs identified byA.H. Clarke (National Museum o f Nat- 
ural Sciences, written communication, 1971) and the late H.B. 
Herrington (Westbrook, Ontario, written communication, 1971).
2 Number o f mollusc bivalves expressed as n/2.
3 Ostracodes identified by L.D. Delorme (Canada Centre for 
Inland Waters, written communication, 1967 and 1968).

Legend: x  = taxon present
— = taxon not present

deposition in relatively shallow waters, possibly a lake 
rather than a pond. There is no evidence to support de- 
position long after déglaciation. This lake drained east 
past Hampstead to the Nith River valley. Ellice Swamp 
occupies the largest and deepest residual basin of this 
lake; palynology and radiocarbon dates suggest drain- 
age and bog development shortly after the ice left 
(Anderson 1971).

Another large, but very irregular lake developed 
west of Milverton and the Milverton Moraine. It 
formed at a slightly higher elevation than the lake dis- 
cussed above, and drained by the low-gradient spillway 
across the Milverton Moraine southwest of Brunner.

Lenses and sheets of till-like stony clay are com- 
monly found in association with lake deposits in depres- 
sions in the till surface. Such sediment was noted south- 
east of Stratford and east of Highway 19 near Topping, 
and is more extensive west of the town of St. Marys, 
west of the project area (Karrow 1977). This material is 
thought to be lacustrine, but interpretation of its origin 
is difficult because it is thin and occurs at the surface, 
and therefore is usually strongly weathered.

A glaciolacustrine deposit, previously exploited to 
support tile manufacture (Guillet and Joyce 1987), was 
laid down in a small depression at Wallenstein. This 
deposit consists of laminated to varved clay and silt. It 
was probably laid down during the retreat of the ice 
front which deposited the Tavistock Till, which is the 
surface till in the vicinity. Meltwater was dammed be- 
tween the Elmira Moraine and the ice front as it re- 
treated to the west. Examination of this clay for pollen

content (J. Terasmae, Geological Survey of Canada, 
written communication, 1967) revealed that it

contained only a few pollen grains (less than 20 per slide) of 
spruce, pine, and some non-tree pollen. This is too little for haz- 
arding a guess at the climatological conditions; except to say that 
this evidence does not contradict a late-glacial age for this sedi- 
ment.

Lacustrine sediments also occur in the subsurface 
between till sheets. In places along the Nith River be- 
tween Wellesley and Phillipsburg, exposures show a to- 
tal thickness of as much as 20 feet of lake deposits sand- 
wiched between, and interbedded with, clay tills overly- 
ing the Catfish Creek Till. The sediments vary from 
laminated to varved silt and clay, with couplets up to 6 
inches thick. Some stony layers indicate that ice was 
nearby when the sediments were deposited. Disturbed 
and tilted masses of sediment possibly indicate the 
presence of buried ice blocks; the amount of tilting in- 
creases downward in the sequence of sediments. This 
assemblage of lacustrine sediments indicates the pres- 
ence of a glacial lake along the Nith River valley. These 
sediments occur to an elevation of about 1160 feet in 
the valley. Southeastward drainage was blocked either 
by the Phillipsburg morainic spur, or perhaps by the 
Maryhill ice to the southeast.

A somewhat similar deposit of laminated to varved 
silt and clay, about 1 square mile in extent, occurs in the 
Canagagigue Creek valley at the north edge of Elmira. 
Although valley exposures do not show the overlying 
materials, nearby exposures reveal that the material 
coarsens upward and is overlain by sand and then by the 
Tavistock Till; the sand appears to be associated with 
the Elmira Moraine or with other pre—Tavistock Till 
ablation deposits. A clay till, probably the Maryhill Till, 
underlies the clays and overlies Catfish Creek Till. The 
clays locally contain pebbles and silt balls; these suggest 
deposition near glacial ice. The sediments reach an ele- 
vation of about 1220 feet. The water was probably 
dammed between the Maryhill ice on the east, and ei- 
ther the Huron lobe (Stirton advance) or higher ground 
on the west.

Many other occurrences of lacustrine sediments in- 
terstratified with other materials were observed in 
streambanks and in excavations, but most were of only 
local significance. These sediments probably repre- 
sented conditions like those now found on the Mor- 
nington, Tavistock, Stratford and Elma till plains— 
many local ponds giving rise to numerous lenses of la- 
custrine sediment.

EOLIAN DEPOSITS
Some areas of eolian deposits were seen in the field, but 
none were large enough to be mapped. Most common 
were thin surface deposits of silt (loess) and fine sand 
up to several feet thick in the northern parts of the Wa- 
terloo Moraine. Two sites showed double soil profiles; a 
lower profile on underlying till at a depth of 2 feet and 
an upper podzolic profile with a typical white Ae hori- 
zon (Canada Department of Agriculture 1970) on the 
eolian silt or sand. One site was near the west edge of
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the Waterloo Moraine, about 1 mile southeast of Jo- 
sephsburg; the other was west of Kitchener, about 
1 mile west of Hallman Road on Glasgow Street.

In 1966, excavations along a street in Waterloo 
(Chelford Place) revealed a thin buried soil developed 
in kame sand, overlain by up to 6 feet of well-sorted, 
medium sand that supported a young grove of pine 
trees on a thin surface soil. The sand is interpreted as 
eolian and could be a very recent deposit.

LAKE AND ORGANIC DEPOSITS1
Wetlands share with flood plains the distinction of re- 
ceiving sediment in recent time, and are practically the 
only sites in which a stratigraphic record to the present 
is available. Organic material tends to accumulate in 
poorly drained depressions and low areas, such as kettle 
holes, depressions in moraines, former lake basins, and 
depressions in former meltwater channels. The water 
fosters abundant plant growth. The accumulation and 
decay of plant matter leads to acidic conditions, which 
in turn inhibits breakdown of plant matter. Under such 
conditions, a spectrum of wetland environments devel- 
ops, ranging from lakes to marshes, bogs and swamps.

Ponds and lakes pass through a well-known evolu- 
tionary sequence, with marginal marsh or bog gradually 
filling lakes or ponds, followed by full peat bog condi- 
tions, and eventual overgrowth by wetland forests of 
spruce and tamarack. Various stages of the process are 
displayed in the Stratford—Conestogo area depending 
upon topographic setting, surrounding materials, 
changing climates, plant migrations and successions, 
and human interference.

A few sites provide examples of the kind of sedi- 
ment record that has accumulated. Four kettle lakes 
have been studied in the northeast part of the Stratford 
map area: Sunfish, Hofstetter, Spongy and Lakeside 
Park lakes. Sunfish Lake is best known. Sreenivasa 
(1973) records that the lake is about 20 m deep at the 
maximum, where it is floored by at least 4.5 m of organic 
sediment (gyttja), over 0.5 m of clay, over basal sand. 
The sequence spans most of postglacial time. A small 
marsh at the north end of the lake and a bog along the 
concession road at the south end were probed to 3.6 m 
without reaching the base of the sequence.

Hofstetter Lake, 1.5 km southwest of Petersburg, 
was cored by T.W. Anderson and R.J. Mott of the Geo- 
logical Survey of Canada in 1968. Ina personal commu- 
nication (1976), Mott indicated that they recovered a 
core over 8 m long consisting of 6.4 m of laminated, 
marly gyttja and 1.8 m of silty sand with gyttja bands, 
from under 9.3 m of water; the core bottomed in brown 
sand.

Spongy Lake (see “Frontispiece”), northeast of Ba- 
den, was cored by R.J. Mott and the author in 1974. The 
core, recovered from under less than 0.3 m of water,

1 Patynological work was reported in metric units, and is presented in 
metric units here for accuracy.

consisted of 4.9 m of gyttja, 0.4 m of banded marl, 0.4 m 
of algal and silty gyttja and 0.2 m of grey-brown clay. On 
the same occasion, a core was obtained in Lakeside 
Park, Kitchener, from under 3.6 m of water. The core 
comprised 0.6 m of alternating buff clay and black gytt- 
ja, over 11.8 m of varying gyttja, over 0.6 m of grey sand; 
the lowermost sediment contained visible plant re- 
mains.

Mott studied the pollen in basal samples from these 
last 2 sites and reported the presence of spruce and herb 
pollen assemblages; he inferred an age of about 12 500 
years for the lowest samples (R.J. Mott, Geological Sur- 
vey of Canada, Palynological Report 78-15, written 
communication, 1978).

Other sites in bogs or former lake basins were also 
examined. A nearly filled, small kettle lake and bog lo- 
cated 1.6 km northwest of Erbsville was investigated by 
Sreenivasa (1968). The coring site was in a bog on the 
side of the lake and thus may not have penetrated the 
oldest sediments, as is indicated by a truncated pollen 
sequence. The core penetrated 2.2 m of fibrous to 
woody peat, 0.2 m of gyttja, 0.4 m of marl and 1 m of grey 
clay.

A series of small bogs, now obliterated by urban 
construction, extended in an “E’ shape along Gage 
Street and Belmont Avenue in Kitchener. These bogs 
were the subject of study by a group centred at the Uni- 
versity of Waterloo, supplemented by colleagues at oth- 
er institutions. In 1972, a sewer trench excavated on the 
north side of Gage Street at the Canadian Pacific Rail- 
ways (CPR) crossing east of Belmont Avenue, showed 
1 m of brown peat over sand and gravel; a local depres- 
sion in the gravel was filled with up to 1.6 m of grey silty 
sand. T.W. Anderson (Geological Survey of Canada, 
Palynological Report 74—2, written communication, 
1974) analyzed a sample of the peat and reported a pol- 
len record extending from tundra through spruce and 
pine zones, the latter much compressed at the top, fol- 
lowed by a compressed hardwood zone. A puzzling con- 
torted zone in the upper part of the silt was character- 
ized by only a few degraded pollen grains and evidence 
of exposure to weathering. Evidently, following the pe- 
riod of weathering, the water table rose and peat forma- 
tion began during the spruce zone, accompanied by the 
growth of many shallow water plants.

Farther west along Gage Street near Westmount 
Road, a test pit dug in a bog in 1975 revealed, in de- 
scending order, 1.3 m of peat, 3 m of marl, and 0.3 m of 
grey clay, all over coarse gravel. Anderson (1982) stu- 
died the pollen and plant macrofossils, and concluded 
that deposition of the clay began nearly 12 500 years 
ago under boreal conditions. The spruce, pine, hemlock 
and hardwood zones are well represented in the pollen 
record, but like the sample from the site east of Bel- 
mont Avenue previously discussed, are compressed in 
the upper part. Peat formation began about 7500 years 
ago, which coincides with the beginning of the hemlock 
zone. The marked irregularity in the surface of the un- 
derlying gravel as revealed by probing, and evidence of
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changing water levels in the eastern site, suggests the 
former presence of melting ice blocks. Other sources of 
information on this site include work on the fossil in- 
sects (Schwert 1978), carbon and oxygen isotopes in 
mollusc shells (Foulkes 1979) and ostracodes and mol- 
luscs ( L.D. Delorme, Canada Centre for Inland Wa- 
ters, personal communication, circa 1987). Several of 
these studies have been discussed by Schwert et al. 
(1985).

North of the Canadian National Railway (CNR) 
overpass on Belmont Avenue, an excavation in 1964 for 
a commercial car wash showed up to 1 m of peat over as 
much as 0.6 m of marl, over sand. Farther west, similar 
small bogs between the CNR line and Glasgow Street 
were the sites of several house foundation failures (see 
“Engineering Geology”).

North of Stratford, a broad former lake basin in 
front of the Milverton Moraine now contains a large, 
raised Sphagnum bog known as Ellice Swamp. Ellice 
Swamp has been studied palynologically by Anderson 
(1971). Coring near the deepest point in the swamp 
penetrated 2.3 m of peat, 0.1 m of marl and 0.5 m of 
pebbly clay. The lower spruce zone in the pollen record 
indicates the early disappearance of the lake. Bog con- 
ditions became established during the time of the 
spruce pollen zone. A sample taken from near the base 
of the peat was radiocarbon dated at 11500± 160 years 
BP (GSC-1023, Table 7). Another bog in a glacial lake 
basin about 6 km northwest of Milverton showed up to 
2.6 m of organic sediment. Swamps with up to 0.6 m of 
muck over lacustrine silt are common in the level tract 
north of Stratford (Photo 21); most of the deposits were 
too thin to map.

A swamp along Black Creek between Bright and 
Wolverton occupies a former meltwater channel. Prob- 
ing revealed more than 6.6 m of soft organic sediment in 
the western part and up to 5.3 m in the eastern part.

Photo 21. Shallow muck over lacustrine silt in a swamp north of Strat- 
ford.

Numerous other, usually small, bogs are shown on 
the accompanying maps (see “Back Pocket”). Their 
sediments resemble those previously described.

Organic deposits preserve an important record of 
changing postglacial flora and fauna. Best known is the 
palynological record, which presumably reflects clima- 
tic changes and plant migrations. Except for a kettle bog 
on Victoria Street West in Kitchener (Karrow and 
Warner 1988), the only published pollen diagrams for 
nearby areas are from east of Galt (Karrow 1963,1987), 
and northeast of Woodstock (Mott and Fariey-Gül 
1978). Correlation with other pollen sites in the Great 
Lakes region indicates that pollen-bearing sediments 
began to accumulate 13 000 years or more BP, under 
near-tundra conditions. By 12 000 years BP, the earliest 
organic sediments which have been dated were laid 
down, and spruce pollen was the most common tree pol- 
len in these sediments. The earliest radiocarbon dates 
of materials from the area are from this interval (see 
“Table 7”). After 10600 years BP, pine predominated, 
with hardwoods and hemlock following about 7000 to 
8000 years BP. A slight decline in the variety of trees in 
the last few thousand years probably indicates cooling 
since the climatic optimum. The final event evident in 
the pollen record is an increase in weeds which accom- 
panied the spread of European agriculture about 150 
years ago.

Study of other fossils is only beginning. A report on 
animal microfossils from the Sunfish Lake core can be 
found in Sreenivasa (1973), and on the diatoms from 
the core in Sreenivasa and Duthie (1973).

In 1981, the remains of a mammoth skeleton were 
discovered on the farm of Terence Poole in Lot 20, Con- 
cession XIV, of Ellice Township, about 5 km west of 
Brunner and 7.5 km southwest of Milverton. The site is 
underlain by 20 cm of peat, 80 cm of marl, 1 m of silt, and 
till at the base. The bones were much decayed and frag- 
mented because they lay at a shallow depth in the upper 
marl (J.H. McAndrews, Royal Ontario Museum, per- 
sonal communication, circa 1985). While mastodon re- 
mains have been found at several scores of sites in a belt 
adjacent to the north shore of Lake Erie (Dreimanis 
1967), remains of mammoths are much rarer. Neither 
mastodon nor mammoth remains have been previously 
found in the Stratford—Conestogo area. Further study 
of the site and remains have been reported on by Pilny 
(1985) and Pilny, Morgan and Morgan (1987).

ALLUVIUM

Although mappable alluvial deposits are limited in 
areal extent, they are associated with a dynamic sedi- 
mentary environment. Postglacial stream deposits oc- 
cur principally on present-day flood plains or recently 
abandoned low terraces. There are few terraces inter- 
mediate between the late-glacial outwash and the youn- 
ger alluvial terraces. The alluvial sediments are gener- 
ally thin, and of limited extent. The sediments are sub- 
ject to reworking during floods because of their usually



Table 7. Radiocarbon dates on lake and bog deposit samples from Stratford -Conestogo and surrounding areas.

Status Location Material Period Sample
number

Radiocarbon date 
(years)

Source

Considered Ellice bog fibrous peat spruce GSC-1023 11 500+160 Anderson 1971
correct Hofstetter Lake gyttja spruce GSC-1149 11800+230 R.J. Mott, GSC, pers. comm., 

1976
Erbsville bog gyttja spruce-pine 10 700+160 Anderson 1971
Sunfish Lake gyttja spruce-pine 1-4652 10 550±220 H.C. Duthie, Biology Dept.,

Univ. of Waterloo, pers. comm., 
early 1970s

Fisher-Hallman wood spruce WAT-1685 12 000+ 90 Karrow and Warner 1988
site

Fisher-Hallman wood spruce GSC-4371 11 900+140 Karrow and Warner 1988
site

Fisher-Hallman gyttja spruce W A T-1372 10 530±90 Karrow and Warner 1988
site

Fisher-Hallman organic spruce WAT-650 11930+140 Karrow and Warner 1988
site stringer

Probably too Ellice bog marl spruce GSC-1027 33 900±1250 Anderson 1971
old because Sunfish Lake gyttja spruce 1-4288 15 950+850 H.C. Duthie, Biology Dept.,
of carbon Univ. of Waterloo, pers. comm.,
errors1

Sunfish Lake mud modern 1-7225 1155±190
early 1970s
H.C. Duthie, Biology Dept., 
Univ. of Waterloo, pers. comm., 
early 1970s

Nearby sites Maplehurst Lake gyttja spruce GSC-1156 12 500±180 Mott and Farley-Gill 1978
(effects of Crieff bog gyttja spruce TB59-69 11 950+350 Karrow 1963
errors Rostock mammoth plant debris spruce WAT-1511 12 550+120 Pilny et al. 1987
unknown, site
but appear Rostock mammoth bone collagen spruce W AT-999 10 790+150 Pilnyet al. 1987
nearly
correct)

site

1 Karrow and Anderson 2975.
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Photo 22. Flood on the Nith River near Haysville, August 25,1975. 
The Nith River tends to flood because the upper part of its drainage 
basin consists of extensive clay plains.

Photo 23. The underfit Thout Creek in a glacial meltwater channel, 
south of Harmony.

low position in stream valleys, and clean exposures in 
the alluvium are rare.

Flood-plain sediments normally reflect the nature 
of the material being eroded upstream, or from the bed 
of the water course. In upward vertical succession, a 
typical sequence consists of lag gravel usually derived 
from underlying till, overlain by a fining-upward se- 
quence of finer gravel, sand and silt. Generally, larger 
streams have thicker flood-plain deposits; the depth of 
the deposits is roughly in proportion to the depth of the 
stream channel. Sediments vary laterally because of 
changes in local conditions as the water course migrates 
across the flood plain.

Along the narrow part of the Nith River valley up- 
stream from Phillipsburg, the flood plain is 12 to 15 feet 
above the river and is underlain by thick deposits of silt, 
clay and sand. The Nith River tends to flood (Photo 22) 
because of the extensive clay till plains in the upper part 
of its drainage basin. A strong flood in May 1974 caused 
the development of numerous gravel bars and ridges 
and scour depressions along the Conestogo River valley 
(Gardner 1977).

About 2 miles southwest of Tavistock, a ditch in the 
Trout Creek valley exposes up to 4 feet of soil, muck, 
and alluvial silt, over 1 foot of peat, over several inches 
of shell-bearing gravel, over fine grey sand. Pollen anal- 
ysis of the sediments by the late W.R. Sigleo (University 
of Waterloo, written communication, 1975) and corre- 
lation with regional pollen sequences, revealed that the 
peat is about 10 000 to 11 000 years old; slow accumula- 
tion of fine alluvium on the flat valley floor is indicated. 
The valley apparently has not changed much since gla- 
cial meltwaters ceased to flow through it some 14 000 
years ago (Photo 23). Additional information on the al- 
luvial deposits of the area can be found in the works of 
Smith (1972), who studied point bar formation along 
the Nith River east of Plattsville, and Baechler (1974), 
who studied the effects of urbanization on stream sedi- 
mentation in the Kitchener-Waterloo area.

URBAN GEOLOGY
Applied aspects of the urban geology of the area are 
considered later in the report, but a summaiy of the 
geology of the cities of Stratford and Kitchener-W a- 
terloo is provided here to explain the nature of the 
ground on which these cities have been built.

Mapping and stratigraphic study of urban areas by 
means of techniques normally used in rural areas is dif- 
ficult (Karrow 1988b). The ground near the surface is 
commonly disturbed, hills may be levelled by removing 
the upper layers of material, and extensive areas are 
covered by fill. Most of the urban area is inaccessible to 
probing or test-pitting because of the presence of build- 
ings and pavement, and access to private land is greatly 
restricted. The chief sources of geological information 
are construction excavations and records of test holes 
completed for construction projects.

The gathering of geological information on the 
Kitchener-W aterloo area began in 1958 as part of the 
mapping of the Cambridge (formerly Galt) map area 
for the Ontario Geological Survey (Karrow 1963, 
1987), and continued during the mapping of the Guelph 
area from 1961 to 1963 (Karrow 1968b) and the Strat- 
ford—Conestogo area between 1965 and 1968. Since 
1963, it has been an ongoing activity as part of the au- 
thor’s association with the University of Waterloo. As 
time has permitted, many excavations have been ob- 
served and records kept of geological relationships. 
From 1961 to 1977, O.L. White, formerly of both the 
University of Waterloo and the Ontario Geological 
Survey, participated in this effort. Starting in 1972, the 
Geological Survey of Canada launched a national pro- 
gram of geotechnical data compilation for major cities 
(including Kitchener-Waterloo), which resulted in 
greatly increased effort to compile available site re- 
ports. During the earliest mapping in 1958, few engi- 
neering reports were available because subsurface in- 
vestigations for structures were not customary. Now, 
however, there are hundreds of these reports for the
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Kitchener—Waterloo area. It is clear from the experi- 
ence of the past 2 decades that long-term attention is 
needed in the study of urban geology. The best results 
can be achieved through the study of soil boring sam- 
ples and reports, followed by field investigation and 
sampling of excavations, and then laboratory study of 
samples from both sources. A short-term approach can 
only incorporate boring records and whatever can be 
learned from the few excavations that happen to be 
open at the time.

Located primarily on the east flank of the Waterloo 
Moraine, the cities of Kitchener and Waterloo have ex- 
panded onto rolling sandhills to the west, and on to till 
plain and Grand River valley meltwater terraces to the 
east. Thus, geological relationships are complex in the 
west, and relatively simple in the east.

A cross section based on soil boring reports and the 
study of excavations (Figure 10) shows the general rela- 
tionships across the north end of Waterloo. The surface 
till is the Tavistock Till, but its southward limit is not 
known. Tavistock Till is believed to occur on the hill- 
crests at the University of Waterloo, overlying sand and 
lacustrine silt and clay, which in turn rest on a silty to 
clayey till believed to be the Maryhill Till. Catfish Creek 
Till has only been seen in the east along the Grand Riv- 
er, but test holes indicate its presence at depth near the 
Waterloo Sewage Plant, at Wilfrid Laurier University 
and at the University of Waterloo.

Farther southeast in Waterloo and in northwestern 
Kitchener, thin, silty till lenses commonly overlie thick 
sand with silt till at depth, but these till units have not 
been correlated with the regional stratigraphy. Much of 
southwestern Kitchener is built on the Waterloo Mo- 
raine (Chapman and Putnam 1984) and sand predomi- 
nates at the surface, but a till cap is present at the west- 
ern outskirts. A belt of small kettle bogs extends east- 
ward from the Westmount Golf Course to Belmont 
Avenue, where it swings north along the CPR line. Mul- 
tiple tills, usually silty to clayey, are present in excava- 
tions in downtown Kitchener, but their affinities re- 
main uncertain. The western margin of the Port Stanley 
Till is near Lancaster Avenue and Wellington Street, 
and near Vanier Drive and the Conestogo Parkway, 
where it swings westward toward Mannheim. Kame 
gravel is present in the Beechwood area, Maple Hill 
Acres and along Lincoln Road. These kame areas, char- 
acterized by steep slopes unsuited to agriculture, were 
originally left forested; they are now highly prized resi- 
dential developments (Photo 24).

In the spring of 1976, a continuously cored test hole 
was drilled beside the Chemistry Building at the Uni- 
versity of Waterloo (see “Appendix D”, borehole 
UW54-76). The general sequence comprised 150 feet 
of drift over 20 feet of green shale of the Silurian Salina 
Formation. The drift sequence included, from the top 
downward, Tavistock Till, Maryhill Till, Catfish Creek 
Till, and 2 older unnamed tills, the lower of which con- 
tained a small piece of spruce wood (R.J. Mott, Geolog- 
ical Survey of Canada, personal communication, 1976).

Photo 24. A temporary excavation in kame gravel in Moses Springer 
Park, Waterloo, exposing bedding. Karnes were originally left for- 
ested because their steep slopes made them unsuitable for agricul- 
ture. They have become highly prized for residential and other types 
of development. This excavation is now obscured by an arena.

Stratified sand and silt occurred between some of the 
tills, to thicknesses of about 5 to 10 feet. This sequence 
resembles those of 4 fully cored test holes (see “Appen- 
dix D”, boreholes UW51-74, UW52-74, UW53-74 and 
UW54-74) which went to depths of 63 to 88 feet on the 
north campus of the Universityof Waterloo, all of which 
ended in Catfish Creek Till or older deposits.

Compared to Kitchener-Waterloo, the geology of 
the city of Stratford is simple. The city straddles the 
Avon River which cuts through a nearly level plain of 
thin lake deposits underlain by the Stratford Till, and 
into Tavistock and Catfish Creek tills. Older tills are en- 
countered in deeper excavations, such as at the Romeo 
Street CNR underpass.

Historical Geology

PRE-LATE WISCONSINAN
A major erosional unconformity separates the Silurian 
and Devonian formations from the Quaternary sedi- 
ments. The development of the unconformity probably 
spanned the time from the Tertiary to the late Quater- 
naiy. The complex bedrock surface is interpreted as 
having been developed before, during, and in between 
successive glaciations of the area. Little is known about 
the time of development of various portions of the bed- 
rock surface, because little is known about the age of 
deposits resting on the bedrock.

The considerable relief of the bedrock surface and 
the relative thinness of Late Wisconsinan deposits sug- 
gests the possible presence of pre -  Wisconsinan depos- 
its at depth. The nearest pre-Wisconsinan deposits 
known in southern Ontario are found at Toronto, lo- 
cated 60 miles to the east. The oldest known Quatern-  
ry deposits (greater than 40000 years old) within the 
Stratford-Conestogo area are till and gravel found at 
the Glen Allan and Waterloo interstadial sites, and the



Figure 10. Cross section along Westmount Rd. and University Ave. in Waterloo, based on borehole logs and excavations.
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occurrences of pre-C atfish Creek tills which are prob- 
ably of Early or Middle Wisconsinan age. The rarity of 
datable materials and the complexity of the older part 
of the stratigraphic record makes more specific age as- 
signments impossible at this time. It is clear, however, 
that a long and complex record of events remains to be 
deciphered.

The presence of the Glen Allan and Waterloo in- 
terstadial sites, along with others located outside of the 
report area at Innerkip (Cowan 1975; Pilny and Morgan 
1987), Guelph (Karrow et al. 1982), Clarksburg (Bur- 
wasser 1974; Warner et al. 1988) and Toronto (Karrow 
1969, 1974; Berti 1975), indicate that a substantial 
retreat of the ice front occurred that uncovered most, if 
not all, of southwestern Ontario. During that time, 
roughly 65 000 to 23 000 years ago (Dreimanis and Kar- 
row 1972), the region became colonized by spruce-tun- 
dra vegetation (Berti 1975). Whether Middle Wisconsi- 
nan ice advances affected this area is unknown. Some 
tills under the Catfish Creek Till, for example the brown 
silt till between the Catfish Creek Till and the intersta- 
dial silts at the Glen Allan site, may be of Middle Wis- 
consinan (Cherrytree Stadial) age, or about 35 000 
years old. Like their successors, the old tills of the Con- 
estogo map area and the western part of the Stratford 
map area appear to be derived from the north, from the 
Georgian Bay district. In the eastern part of the Strat- 
ford map area, an early advance from the vicinity of 
lakes Erie and Ontario deposited the Canning Till 
(Karrow 1963).

LATE WISCONSINAN

The first Late Wisconsinan event which has been widely 
recognized was the Nissouri Stadial ice advance which 
laid down the Catfish Creek Till (Dreimanis and Kar- 
row 1972). At that time, some 20 000 years ago, thick ice 
spread over southwestern Ontario and southern Ohio. 
However, high ground in western New York State pre- 
vented the ice from extending more than 120 miles 
southeast of the present area. This was a strong ice ad- 
vance which, at its maximum, was largely unimpeded by 
the gentle topography of southwestern Ontario, and 
flowed across the area from the north and northeast.

About 18 000 years ago the ice front began receding 
from Ohio, and by about 16 000 years ago, during the 
Erie Interstade, much of southwestern Ontario was ice 
free. Large glacial lakes formed in the Erie and Huron 
basins, and numerous small lakes and ponds existed on 
the uneven surface of the drift deposited by the Catfish 
Creek ice. Pollen from deposits just west of the area, 
near St. Marys, indicates near-tundra conditions like 
those that prevailed during the Port Talbot and Plum 
Point interstades (Sigleo and Karrow 1977).

Strong readvances of the Erie —Ontario and Hu- 
ron-Georgian Bay lobes during the Port Bruce Stade 
again covered most of southwestern Ontario, but a 
small area south of Bright remained ice free. The Erie -  
Ontario lobe deposited the Maryhill Till and the later

Port Stanley Till in this area. Farther south, where the 
ice advanced into the glacial lakes in the Erie basin, the 
Port Stanley Till is interbedded with lacustrine clay 
(Dreimanis 1958). At about the same time, the H uron- 
Georgian Bay lobe advanced from the northwest and 
laid down the Stirton Till (which was less extensive) fol- 
lowed by the more widespread Tavistock Till. Subse- 
quent local readvances deposited the Mornington Till 
(with its margin marked by the Macton Moraine), the 
Stratford Till and the Wartburg Till, and formed at least 
the southern part of the Milverton Moraine. These 
readvances were short-lived pulses of the retreating 
Huron—Georgian Bay lobe, which show little corre- 
spondence with those of the Ontario lobe. A stronger 
readvance of the Georgian Bay lobe brought the ice 
back for the last time, perhaps about 14 500 years ago, 
to cover western and northern parts of the Conestogo 
map area. Its disappearance left the strongly fluted sur- 
face that grades into the Teeswater drumlin field, lo- 
cated north of the report area.

The time of formation of the Waterloo Moraine is 
unknown. Its shape and spurs suggest a complex, per- 
haps long, history. Most of the moraine sediment core 
was deposited prior to the deposition of the Maryhill, 
Mornington and probably Tavistock tills. There is indi- 
cation from peripheral locations that fine sands occur 
between the Catfish Creek and Maryhill tills, but the 
older till has been recognized at very few places within 
the moraine. Similar sands occur between the Maryhill 
and Port Stanley tills. The ice which deposited the Ma- 
ryhill Till probably disintegrated rapidly over the mo- 
raine, leaving numerous ice blocks to form kettles and 
producing abundant meltwater that deeply dissected 
the moraine locally. Elmira Moraine sands appear to 
occur between Tavistock and Maryhill tills, and appar- 
ently represent glaciofluvial deposition of about the 
same age as the Waterloo Moraine. Easthope Moraine 
deposits are more complex but, at least in part, are 
overlain by Stratford Till; their position with respect to 
Tavistock Till is unknown.

During ice retreat, ablation deposits of sand and 
gravel in the form of kames, eskers and outwash plains, 
were laid down—particularly in association with the 
coarser textured Catfish Creek, Port Stanley, Tavistock 
and Elma tills. About 14 000 years ago, during the Port 
Bruce Stade when the retreating Huron lobe was near 
St. Marys, meltwater flowed eastward into the area 
along the Trout Creek valley to Tavistock. About 13 500 
years ago, ice readvanced to the Paris Moraine (east of 
the area at Cambridge), and diverted the Grand River 
valley drainage southwestward. As a result, outwash 
gravel was deposited between Wolverton and Bright. 
These gravels are the youngest deposits in the area di- 
rectly associated with glaciers. By the time of their de- 
position, the Huron lobe had melted back to well west 
of the area.

Numerous lakes on the uneven till plains received 
silty sediment during ice retreat. Sedimentation was 
rapid and the lakes soon drained. In particular, large 
shallow lakes north of Stratford drained eastward
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across the Milverton Moraine and through tributaries 
to the Nith River near Wellesley. Ice recession finally 
ended meltwater flow down the lower Nith River valley.

POSTGLACIAL
Most of the postglacial record comes from the organic 
material found in lakes and swamps. In addition, there 
was a gradual northward upwarping to at least 4 feet per 
mile isostatic readjustment (Karrow 1963); this read- 
justment lowered the stream gradient and caused the 
northward-flowing Black River to back up, producing a 
deep swamp. Ice retreat and cessation of meltwater 
flow lessened stream flows and sediment loads. Streams 
have mainly eroded in postglacial time, cutting their 
present valleys and recently developing restricted flood 
plains. Over the last century, land clearance has in- 
creased sediment loads, and magnified the annual cycle 
of flood and low water levels.

ECONOMIC GEOLOGY

Introduction
The Quaternary deposits of the area may be used in situ 
or extracted for use elsewhere. These deposits are the 
parent materials of soils, and therefore are the basis of 
the most important industry of the area—agriculture. 
They also supply vast quantities of water, and serve as 
foundation materials for engineering works such as 
roads, bridges and buildings. Extracted materi- 
als—consisting mostly of till, sand and gravel, clay and 
peat—are used mainly by the construction industry. 
The use of these materials in construction is growing 
rapidly as the population in the area steadily increases. 
The construction industry uses large volumes of materi- 
al, ranging from gravel to glacial till, simply as fill.

Soils
The soils report on Waterloo County (now the Regional 
Municipality of Waterloo) by Presant and Wicklund 
(1971) covers much of the eastern to central part of the 
study area in detail, and relates the Quaternary parent 
materials to the soils. The remainder of the area is dealt 
with more generally in reports on Perth County (Hoff- 
man and Richards 1952), Wellington County (Hoffman 
et al. 1963), and Oxford County (Wicklund and 
Richards 1961).

The area has long been known for its high-quality 
farmland. Factors which favoured the evolution of good 
soils in the area include their relatively great age (time 
since déglaciation) and their location at a relatively 
southern latitude. The area sits astride the northern 
edge of the Carolinian vegetation zone, which not only 
has restricted extent in southern Ontario, but is unique 
in Canada. The strong influence of vegetation on soil 
development thus adds to the exceptional quality of the 
soils of the area.

Because of the calcareous nature of the bedrock in 
southern Ontario, all parent materials are calcareous. 
Normally, the matrices of tills in the area are composed 
of over 40% carbonate, and the gravels are composed of 
over 70% carbonate. Only in the upper parts of the soil 
profiles does accumulatingplant debris cause neutral to 
acidic conditions.

The extensive till and lake plains in the western 
part of the area are so flat as to require extensive ditch- 
ing and tiling to provide drainage. In contrast, parts of 
the Easthope, Waterloo and Elmira moraines are ex- 
cessively drained because of their steep slopes (which 
are susceptible to erosion) and the porous nature of the 
materials of which they are composed. The slopes of 
these moraines are commonly left in pasture; parts have 
been reforested, and parts are being used to grow corn. 
The flat, sandy, outwash areas of the lower Nith River 
valley form the northernmost outlier of the Lake Erie 
tobacco belt.

Extensive areas that are sufficiently rolling to drain 
easily but are underlain by soils fine enough to retain 
moisture, lie between the flat, poorly drained, western 
plains, and the steeply rolling moraine areas. These de- 
sirable areas include some districts underlain by Tavi- 
stock, Maryhill and Mornington tills. These tills are fa- 
vourable for agriculture as they lack the abundance of 
stones found so widely in the moraines, and in the tills 
found farther east in the Guelph and Cambridge map 
areas.

Water Supply
Although investigations of water supply have been un- 
der way for many years, particularly around Kitchen- 
er-W aterloo, the relationships between aquifers and 
the general geology remain poorly understood, largely 
because of the lack of knowledge of subsurface stratig- 
raphy. The character of the groundwater in the area de- 
pends largely on the properties of the deposits which 
contain it. Water from the Silurian Salina Formation, 
the most extensive bedrock unit under the report area, 
contains so much salt and sulphate that it is rarely used. 
The large, sandy moraines (Easthopes, Waterloo and 
Elmira) have sporadic till caps which lessen infiltration, 
but they still have considerable recharge. Their 
till-capped flanks may provide artesian sources locally. 
Large aquifers in the Waterloo Moraine have been of 
great benefit to Kitchener—Waterloo, which derives 
much of its water supply from them. The various spur 
ridges, and other poorly understood, subsurface sands 
which occur in various parts of the area (such as the bu- 
ried deposits extending southeast and southwest from 
the Easthope Moraine), are also potential sources of 
water. In addition, the till-capped and surface outwash 
along the Grand and lower Conestogo river valleys 
(east and south of Elmira, respectively), near Waterloo, 
and along the lower Nith River valley, may be water 
sources.

Over large areas there is apparently little perme- 
able sediment between tills; instead, the tills rest
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directly on one another. Chance discovery of buried 
channel fills, either at the base of, or within the Quater- 
nary sequence, hold the best hope for locating water 
sources.

The availability of water at shallow and intermedi- 
ate depths, the generally undesirable character of water 
from the bedrock, and depths to bedrock of up to 400 
feet, have resulted in only a few wells being drilled into 
rock in the eastern part of the area. Consequently, bed- 
rock topography and the presence and/or configuration 
of deep aquifers remain poorly defined. Some water is 
probably derived, directly or indirectly, from deep 
channels in the bedrock that formed part of a system of 
deep valleys extending to Lake Huron and Lake Ontar- 
io (Karrow 1973b). These valleys require more study; 
where filled by permeable sand and gravel, they should 
be good aquifers.

ENGINEERING GEOLOGY
General Problems
Generally, the surficial materials in the Stratford— 
Conestogo area do not pose any major construction dif- 
ficulties. Those problems that do exist can usually be 
dealt with using standard engineering practices, pro- 
vided that sufficient prior knowledge has been obtained 
from field examination and supplemented by subsur- 
face exploration. The extensive deposits of peat, muck 
and marl require engineering treatment because of 
their compressibility and low bearing capacity. They are 
usually excavated, displaced or compacted by fill; alter- 
natively, foundations are sometimes built on piles. Ex- 
tensive deposits of these materials over 3 feet thick are 
shown on the maps; others may be found by field or air- 
photo studies. These deposits are usually low lying and 
also present drainage problems.

Lacustrine silt is widespread in the western part of 
the area. It is more extensive than shown on the map be- 
cause deposits less than 3 feet thick were not mapped. 
Because the lacustrine deposits were formed in depres- 
sions, they are poorly drained. This, when combined 
with their typically silty texture, can result in problems 
with frost heave and quick conditions. However, most 
of these deposits are thin, and the underlying till can 
usually be readily reached. In this area, lacustrine clay is 
rarer than lacustrine silt, but a significant clay deposit at 
Wallenstein was used as a source of raw material in 
drainage tile manufacture. The lacustrine deposits be- 
low till encountered along the Nith River valley, and 
just east of the area along the Grand River valley, cause 
slope instability and landslides. Bank failures probably 
related to these materials occur along both rivers.

The large deposits of fine sand present in the Wa- 
terloo Moraine and smaller deposits elsewhere, are un- 
stable when saturated, and deep excavation near the 
water table is difficult. Rapidly rising water levels can 
cause liquifaction and sand flowage. Provision for 
drainage is the best treatment for this material.

Glacial till is generally not a troublesome material 
in an engineering context. Indeed, it has been sought af- 
ter as the major component of earth fill dams on the 
Grand River (Shand Dam -Legget 1942), the Conesto- 
go River (Conestogo Dam) and Trout Creek (Wild- 
wood Dam). However, the tills of the area are variable, 
and their individual properties need to be considered at 
each site. For instance, the Stratford Till often causes 
trafficability problems when wet, whereas the underly- 
ing Tavistock Till tends to remain firm. The Catfish 
Creek Till, often encountered in deeper excavations, 
commonly exhibits high strength and high penetration 
resistance, caused partly by its stony nature. It is often 
referred to as “hardpan”. Excavation and ripping of 
this till may be unusually difficult (Karrow 1988a). 

Engineering Properties
There has been limited study of the engineering prop- 
erties of the materials of the area. The work of Lee 
(1969) and White and Lee (1971) summarized grain 
size distributions, Atterberg limits, Proctor compaction 
tests, specific gravity determinations, and clay mineral- 
ogy of the pédologie soil horizons in Waterloo County 
(now the Regional Municipality of Waterloo), which 
covers about half the map area. Because of differences 
between pédologie and geologic classifications, it is dif- 
ficult to relate their results to the units considered here. 
For example, the materials embraced by the Huron 
catena in the soil survey report (Presant and Wicklund 
1971) are classified herein as Mornington, Maryhill 
and, in part, Tavistock tills. These materials were 
derived from sediments deposited by the Huron-  
Georgian Bay and Ontario ice lobes. Lee (1969) con- 
ducted a detailed study of 12 sample sites in the Huron 
soil series, which corresponds to the Mornington Till in 
Mornington Township. The results of the study yielded 
plastic limits of 16 to 26% (mean 21%), liquid limits of 
29 to 52% (mean 40%), and activity of 0.32 to 0.47 
(mean 0.42). The results of his clay mineralogy studies 
of all parent materials were similar to the results of the 
present study. Illite was the most abundant clay miner- 
al, followed by chlorite and mixed-layer minerals. Kao- 
linite was absent.

Christiansen (1963) studied the engineering prop- 
erties of till in the Kitchener-W aterloo area, but the 
problems in identifying tills in individual exposures in 
the urban areas makes it difficult to relate his results to 
a particular till sheet. However, many and perhaps all of 
his sites were in Maryhill Till, which includes inter- 
bedded till and glaciolacustrine clay. More recently, 
Isherwood (1976) compiled available information and 
discussed the engineering properties of the surface and 
subsurface materials on the campus of the University of 
Waterloo.

Urban Problems
The need to consider geology in construction projects is 
magnified in the urban setting. With high population 
densities, and dense, complex arrangements of
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manmade structures, the character and arrangement of 
geological materials is of concern almost foot-by-foot. 
Legget (1973) has discussed at length the importance of 
the geology of cities.

There are few engineering geology problems in the 
Kitchener—Waterloo area, but some of the exceptions 
are noteworthy. Construction over peat bogs covered 
by fill during preliminary land levelling has resulted in 
severe settlement and major structural damage to sev- 
eral homes. Aseries of foundation failures in Kitchener 
where houses were built over small, but deep, peat bogs 
provide a striking example (Photo 25). Similar circum- 
stances probably contributed to severe settlement at 
the north end of the Belmont Avenue bog depression 
along John Street. Test holes in this area, conducted in 
1976 as part of site investigation for a new building, con- 
firmed the presence of peat under the fill and proved 
that a former peat bog extended along Belmont Ave- 
nue.

The wide distribution of fine sand and silt in the 
Kitchener-W aterloo area can cause severe groundwa- 
ter problems. Excavation walls in these materials tend 
to be unstable. Difficulty was experienced in construct- 
ing the deep foundation of the Engineering Lecture 
Hall at the University of Waterloo, until a system of well 
points was used to lower the water table. Swamp and 
marsh were associated with unstable cuts that failed 
slowly by flowage along Homer Watson Boulevard near 
Doon. Substantial road repairs were required shortly 
after the road was constructed.

In the late 1960s, a slope failure took place along 
the west bank of the Grand River, north of Bridge 
Street in Bridgeport. Varved clays between the Maryhill 
and the Catfish Creek tills apparently were the focus of 
failure during house construction at the top of the bank. 
In May 1974, renewed instability and shallow slope

failure occurred south of Bridge Street along the same 
cutbank, apparently precipitated by high floodwaters. 
However, this bank is more stable than it was several 
decades ago (Baechler 1974).

Although most of Kitchener—Waterloo is built on 
well-drained land, flooding by the Grand River and its 
tributaries has caused considerable damage over the 
years. Land clearing and building has greatly acceler- 
ated and increased runoff, thereby increasing flood lev- 
els. Also, widespread construction on flood plains has 
constricted stream channels. A major flood of the 
Grand River, in May 1974, inundated parts of Bridge- 
port, Cambridge and Brantford. In April 1967, a heavy 
thunderstorm caused Laurel Creek to flood buildings 
near Beechwood and elsewhere; it also destroyed a dam 
and railway spur in Bridgeport. Flooding problems are 
sure to increase as urbanization increases.

At Stratford, the lacustrine sediments on the 
upland are frost-susceptible, as is the Stratford Till. 
Soft ground conditions can be troublesome during 
spring construction. Thin layers of water-bearing sedi- 
ments interstratified with till may cause slope instability 
in excavations that pass through the thin Stratford Till 
into the underlying Tavistock Till. Particularly deep ex- 
cavations, such as the Romeo Street underpass, can 
penetrate into pre—Catfish Creek till which, as dis- 
cussed previously, can be difficult to excavate.

Further, the poor drainage of the nearly level 
upland around Stratford can lead to wet excavation 
conditions. Because the Avon River valley is narrow, 
there has been only limited opportunity for building on 
its flood plain. This river seldom floods because the 
drainage from the adjacent upland plain is sluggish, and 
its headwaters are located in the permeable materials 
of the Easthope Moraine.

Photo 25. Damage to a house in Kitchener caused by settlement over a peat bog. Note in particular the damage in the vicinity of the arrows.
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Sand and Gravel
Sand and gravel are extremely important resources in 
the area. They are used in all construction work: as 
roadbeds; as permeable backfill in excavations; and as a 
constituent of asphalt and concrete for roads, founda- 
tions, bridges and buildings. Surface deposits of sand 
and gravel are shown on the accompanying maps (see 
“Back Pocket”). Pit locations are marked on the map 
because each pit potentially indicates a sand or gravel 
occurrence. Most operations are intermittent and sup- 
ply varying local needs. Reserves are large and produc- 
tion has only used a small part of the potential. Howev- 
er, deposits are variable in composition, sorting, bed- 
ding and thickness, which causes uncertainty in assess- 
ing reserves. The best and most developed deposits are 
mainly in the east part of the Regional Municipality of 
Waterloo, in the adjoining Cambridge and Guelph map 
areas (Karrow 1963,1968b). Most of the sand and grav- 
el in the Stratford-Conestogo area is found in kames 
(Photo 26)—primarily associated with the Easthope, 
Waterloo and Elmira moraines. Boulders are common 
in the kames, and crushing and screening are usually 
necessary. At one time, a large extractive operation 
near Mannheim (Hewitt and Karrow 1963) exploited 
till- capped, deep gravel within the Waterloo Moraine; 
this operation included an asphalt plant (Photo 27).

The general distribution of various rock types in 
the gravel has been discussed earlier in this report and is 
illustrated in Figure 8. Undesirable constituents in- 
clude chert, shale, siltstone, schist and clay. Of these,

Photo 26. Kame sand and gravel in the Wellesley Moraine.

chert is the most troublesome constituent because of its 
abundance. The source of the chert is the Devonian 
Bois Blanc Formation, which trends north-south 
through the middle of the area. As a result, gravels tend 
to be high in chert eastward from the Bois Blanc Forma- 
tion to the limit of northwesterly derived tills. To the 
west, and in areas affected principally by ice flowing 
from the east, chert is rare or absent.

Of the few eskers located in the Stratford-Cones- 
togo area, those associated with the Elma Till east of 
Listowel are the most important. In the past, the eskers 
in the map area contained sufficient sand and gravel for 
local purposes, however, they have been worked exten- 
sively (see “Photo 6”).

Outwash gravel deposits are found mostly in the 
eastern part of the area and are of good quality because 
of their uniformity. Although the deposits are limited in 
terms of distribution, they have fair reserves. The larg- 
est deposits are found along the lower Nith River valley 
and some of its tributaries, such as Alder Creek and 
Black River. Southwestward, these deposits decline in 
elevation to below the water table, where their recovery 
would require dragline or dredging operations. In gen- 
eral, these deposits are little used.

Probably half of the known gravel deposits of the 
area—and particularly of the kame deposits—are bu- 
ried by till. Stripping is only a minor problem, however, 
as the till cover is thin. Other, more deeply buried de- 
posits are undoubtedly present along the buried valleys 
cut into bedrock, and within the drift. Although most 
known buried gravels were revealed in valley walls (e.g., 
Trout Creek south of Stratford, and Laurel Creek north 
of Waterloo) or in steep moraine hillsides, geophysical 
prospecting methods may be required to find addition- 
al deposits.

As urbanization increases in the Kitchener—Wa- 
terloo area, valuable sand and gravel resources are be- 
ing covered by buildings and roads. Deposits which 
have been built over include outwash capped by Port 
Stanley Till in the north end of Waterloo (Colonial 
Acres and Conestoga Mall) and in eastern Kitchener 
(Stanley Park). Kame deposits of the Waterloo Mo- 
raine are being encroached upon east of Mannheim 
(e.g., Country Hills Subdivision). While the Kitchen- 
er-W aterloo area is blessed with gravel resources, the 
time may well come when these losses will be regretted.

Gravel is scarce over large areas of till plain, partic- 
ularly in the areas covered by Mornington, Tavistock, 
and Elma tills. In those areas, gravel has to be trans- 
ported relatively great distances to supply even the lim- 
ited local needs. Naturally, this adds to the cost of con- 
struction.

Inventories of aggregate resources in the following 
townships within the map areas have been published: 
North Dumfries, Maryborough, Peel, Pilkington, Well- 
esley, East Zorra-Tavistock, Blandford-Blenheim, 
Wilmot, Kitchener-W aterloo-Cambridge, Woolwich, 
Elma, and Zorra (Ontario Geological Survey 1980,
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Photo 27. Historical photograph of buried gravel extraction in the former Warren Bitulithic pit in the Waterloo Moraine, near Mannheim. The 
till which capped the gravel is not visible in this picture because it has been stripped. This site is no longer used for gravel extraction, and is impor- 
tant in the Mannheim recharge water system currently under construction for the city of Kitchener.

1981a, 1981b, 1981c, 1982, 1983a, 1983b, 1984, 1985a, 
1985b, 1986a, 1986b).

Clay
Clay is of declining importance in the area. Its major 
uses are for brick and tile manufacture. Formerly, brick 
and/or tile manufacturing was important at Stratford, 
Tavistock, Waterloo, Kitchener, Lisbon, Listowel, El- 
mira and Conestogo. The operations at these locations 
were described or referred to by Baker (1906), Keele 
(1924) and Montgomery (1930). All brick is now im- 
ported into the area. Tile manufacture survives at only 
one plant located at Wallenstein, but the clay deposits 
are no longer a source of raw material for this operation 
(Guillet 1967, Guillet and Joyce 1987). Small pottery 
plants also operated in the area at a much earlier time. 
One of these plants, located near the community of 
Conestogo, was archaeologically excavated by the Roy- 
al Ontario Museum in the 1960s.

Most of the clay was laid down in temporary lakes 
and ponds during ice retreat. Reserves remain large, 
but changing technology and markets have caused the 
industry to concentrate in a few large operations, rather 
than many small ones. Also, there has been a strong 
trend away from the use of clay to the use of shale as a 
raw material. There are no shale outcrops in the area. 
In a few cases, clayey till with few stones has been uti- 
lized. This was probably the case at the community of 
Conestogo, where Maryhill Till, which may have lacus- 
trine clay interbedded with it, outcrops near the Grand 
River.

Marl

Marl, a freshwater lake deposit consisting largely of in- 
organic calcium carbonate and mollusc shells, occurs 
commonly in bogs in the area, and represents an early 
stage when an open lake existed.

Marl is no longer commercially exploited, but in the 
early part of this century it was widely used as a source 
of lime in the cement industry. The only deposit worked 
commercially in this area (1906 to 1913) occurs west of 
Milverton along the edge of the Conestogo map area. 
Testing and description of the deposit has been pro- 
vided by Guillet (1969). The thickest deposit (11 feet) 
known to the author is under the Gage Street bog in 
Kitchener; thinner marl extends north along Belmont 
Avenue.

Peat

Peat is widely used for soil conditioning in horticulture. 
The kettle bogs of the area contain large quantities of 
peat, but the individual deposits are small and the peat 
is of variable quality. Some peat is used locally in the ur- 
ban fringe, but the only deposit known to have been 
commercially exploited was in Brunner bog (Leverin 
1941), a part of Ellice Swamp, north of Stratford. It had 
a maximum thickness of 12 feet—not all of which con- 
tained material which was economic to extract—and 
covered about 3 square miles. Workings have long since 
been abandoned.



Appendix A: Sample Analyses

INTRODUCTORY NOTES

Sample analysis was done either at the Geological Survey of Canada (GSC) or the University of Waterloo 
(UW), at various times, as shown below.

Size Analysis Carbonate Analysis
GSC 1965,1966, 1968 1968
UW 1967, post-1968 1965-1967, p o s t- 1968

Texture analysis was done according to: American Society for Testing and Materials. 1970. Standard method 
for particle-size analysis of soils, ASTM D422—63; in Annual Book of Standards, p.200-211, Philadelphia. 
The following size definitions were used: sand = 0.062 -  2 mm; clay = <0.002 mm.

Carbonate analysis was done according to: Dreimanis, A. 1962. Quantitative gasometric determination of cal- 
cite and dolomite by using Chittick apparatus; Journal of Sedimentary Petrology, v.32, p.520-529.

The following abbreviations are used in this appendix.
A - Catfish Creek Till
B - Stirton Till
D - Mornington Till
DS - Dune sand
E - Elma Till
L - Lacustrine
M - Maryhill Till
OS - Outwash sand
P - Port Stanley Till
PA - Pre—Catfish Creek Till
S - Stratford Till
T

-

Tavistock Till
W

-

Wartburg Till

Ls

-

limestone
Dolo - dolostone
Prec

-

Precambrian

Note that minor variations in this table are caused by the rounding of data.
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Texture Carbonates Pebble Lithology %Heavy
MineralsSample No. Unit % Sand %CIay Total% Ratio %Ls %Dolo %Chert %Clastics %Prec

S-2 A? 38 13 -

-

S-3A M? 23 29 - - - - - - -
S-3B A? 40 16 - - - - - - - __
S-4 T? 56 6 - - 44 33 8 5 10 -
S-5A M 20 38 - - - - - - - -
S-5B A 53 11 - - - - - - - -
S-7 P 53 7 38 0.4 - - - - - 4.15
S-8A A 47 8 48 0.4 12 81 - 7 3.95
S-8B M 6 52 36 2.0 25 66 - 8 1 4.05
S-31 T 48 17 35 1.0 - - - - - 4.69
S-42A B? 14 37 42 1.1 - - - - - 4.79
S-42B 7 42 12 38 0.7 - - - - 3.96
S-42C A? 29 23 42 0.8 - - - - - 4.92
S-45 P 58 7 27 0.3 - - - - -
S-115A PA 28 18 29 1.6 47 39 - 3 11 5.26
S-115B A - - - - 34 50 - 2 14 -
S-116 PA 27 24 32 1.7 - - - - - 5.33
S-127 P 37 23 43 1.1 - - - - 5.04
S-138A P 37 21 - - - - - - -
S-138B M 6 56 - - - - - - - -
S-152A A 37 8 64 0.3 - - - - 3.36
S-152B PA 28 24 34 1.4 - - - - 5.23
S-152C PA 27 20 33 1.3 - - - - -
S-152D PA 52 10 32 0.6 - - - - -
S-153A P 38 17 37 0.9 22 70 1 1 6 4.19
S-153B M? 15 42 39 1.1 23 69 - 1 7 5.83
S-153C A - - - - 25 71 - 3 1 -
S-167 M 17 37 37 1.9 - - - - 9.81
S-170A P 37 21 38 0.7 - - - - - 4.40
S-170B T 25 26 39 1.4 - - - - - 4.49
S-170C M 15 44 25 1.2 - - - - - 3.58
S-170D A 51 11 51 0.5 - - - - - -
S-223 T 42 13 28 0.6 - - - - 4.10
S-226 T 37 15 39 0.9 - - - - - 4.50
S-229 M? 18 34 38 1.3 - - - - - 7.00
S-249A P 32 11 37 0.6 - - - - - 3.59
S-249B M? 18 41 36 1.1 - - - - 4.05
S-249C A 30 12 36 0.6 - - - - - -
S-281A T 30 16 39 0.7 - - - - 5.34
S-281B T 25 18 39 0.8 - - - - - 4.88
S-281C A 43 7 38 0.6 - - - - - 4.97
S-286 T 31 18 39 0.6 - - - - - 5.72
S-303 T? 22 21 35 1.0 - - - - -
S-312A T 22 18 36 1.3 18 76 3 - 3 4.81
S-312B T 24 22 44 1.0 20 69 1 - 10 4.70
S-320A T 43 13 44 0.5 - - - - - 5.46
S-320B T? 28 20 38 0.7 - - - - - 4.14
S-320C T? 12 27 44 1.1 - - - - 3.64
S-320D r? 30 11 43 0.7 - - - - - -
S-32OE T? 16 37 38 1.1 - - - - - -
S-32OF T? 10 53 41 1.0 - - - - - -
S-321 T? 15 27 35 1.7 - - - - - -
S-416 A 40 9 36 1.0 - - - - 6.58
S-438A A 42 13 45 0.6 - - - - - 2.77
S-438B B? 3 50 34 2.0 - - - - - 4.84
S-439A T? 17 29 36 1.3 - - - - - 4.55
S-439B A? 27 20 37 0.9 - - - - 4.16
S-439C A? 33 18 41 0.6 - - - - - 4.03
S-439D 7 60 3 40 0.5 - - - - - 4.43
S-443A D? 17 26 39 1.0 - - - - - 3.88
S-443B S 30 16 42 1.0 - - - - - 4.07
S-464A A 30 8 51 0.3 - - - - - 3.80
S-464B B 11 28 40 1.3 - - - - - 3.35
S-464C T 23 27 37 1.1 - - - - 3.84
S-464D D 4 62 39 1.7 - - - - - 3.00
S-465 M 22 25 33 2.6 43 37 - 4 16 8.12
S-469A B? 17 45 33 1.7 - - - - - 4.75
S-469B A 32 15 41 0.9 39 41 5 6 9 5.02
S-474A D 20 28 38 1.4 45 18 - 24 13 4.63
S-474B T 48 15 44 1.3 - - - - - 4.81
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Texture Carbonates Pebble Lithology %Heavy
MineralsSample No. Unit % Sand %Clay Total% Ratio %Ls %Dolo %Chert %Clastic8 %Prec

S-474C B 18 26 39 1.4
- - - - -

4.54
S-494A A? 37 10 35 0.9 - - - - - 5.29
S-494B P? 35 7 37 0.9 - - - - - 6.40
S-494C P? 20 16 38 1.1 - - - - - 4.72
S-495 P 60 9 37 1.2 -

- - -

- 7.11
S-498A P 44 15 32 1.5 -

-

- - - 6.09
S-498B M 16 25 35 1.6 -

-

-

-

- 5.35
S-508 P 49 10 40 0.9 19 55 8 7 11 5.56
S-510 D 5 51 35 3.0 - - - - 3.78
S-519 B? 5 60 33 4.2 - - -

-

- 4.64
S-524 D 5 52 35 2.6 - - -

-

- 3.66
S-533A D? 19 31 29 3.9 - - - - - 5.67
S-533B A 66 7 33 0.6 - - - - - 6.44
S-553 D? 9 56 32 4.4 - - - - 5.79
S-595 B? 5 61 33 2.0 - -

-

- - 5.01
S-601 T? 4 34 40 1.5 - - - - - 5.89
S-615A A 13 19 42 0.9 - - - - - 3.97
S-615B B? 11 43 37 1.2 - - - - - 4.56
S-615C B? 17 34 41 1.0 - - - - - 5.90
S-644 M 12 34 33 3.1 61 25 - 6 8 6.13
S-650 B? 8 58 28 1.8 - - - - - -
S-662 B? 6 42 27 3.3 - - - - - 5.10
S-678 M 26 23 35 1.5 57 17 - 12 14 5.66
S-704 S 42 9 47 0.8 - - - - 4.21
S-745 P 38 12 41 0.9 - - - - - 4.85
S-749 S 37 7 45 0.5 - - - - - 3.96
S-767 T? 33 22 45 1.3

-

- - - - 3.97
S-799 L 4 49 30 1.2 - - - - - -
S-802 S 28 22 46 1.2 - - - - - 3.41
S-819 L 3 60 30 4.0 - - - - - -
S-844 W 13 42 48 0.9 - - - -

-

4.18
S-864 E 22 21 50 0.6 - - - - - 3.29
S-875 W 12 43 42 1.3 - - - - - 5.08
S-882 s 38 15 49 0.9 - - - - - 2.85
S-925A T 12 26 48 1.1 65 20 1 4 10 5.28
S-925B S 28 17 44 1.0 41 46 3 4 6 4.88
S-925C L 14 47 - - - - - - - 6.13
S-960 A 31 15 47 0.5 41 29 7 - 23 3.73
S-1001A T 12 28 37 1.5 - - - - - 5.21
S-1OO1B T 13 29 42 1.1 - - - - - 5.48
S-1008 T? 38 14 34 1.1 - - - - - 5.54
S-1013 T 27 23 33 1.4 - - - - - 4.70
S-1019 T 32 18 26 1.5 - - - - - 5.79
S-1030 T 25 29 36 1.4 - - - - - -
S-1044A A 15 18 38 1.0 - - - - 5.27
S-1O44B T 14 36 37 1.4 - - - - - 4.54
S-1049 A 43 12 33 1.1 - - - - -
S-1071 T 24 24 38 1.3 - - - - - 4.99
S-1072 T 13 25 35 1.6 - - - - - 5.28
S-1076 A 46 7 43 0.6 - - - - - 4.86
S-1103 T? 45 9 33 1.2 - - - - - 5.17
S-1104 T 43 12 31 0.5 - - - - - 5.21
S-1105A P? 27 28 30 0.9 -

-

- -

-

4.81
S-1105B T? 47 12 34 0.9 - - - -

-

5.72
S-1106 T 48 11 25 1.0 - - - -

-

5.55
S-1107 T 44 9 30 1.0 - - - -

-

5.82
S-1108 T 40 8 35 0.7 - - - -

-

4.78
S-1143A A 49 12 32 0.7 - - - -

-

4.64
S-1143B PA 23 23 36 1.8 - - - -

-

5.95
S-1143D PA 22 17 37 2.1 - - - -

-

7.95
S-1167 M? 23 33 35 1.2 - - - -

-

5.33
S-1196 ? 18 13 33 1.5 - - - -

-

6.03
S-1219 A 46 18 35 1.0 - - - -

-

5.32
S-1220A PA 8 67 28 3.3 - - - -

-

4.78
S-1220B A 45 15 37 0.9 - - - -

-

4.27
S-1220C M 19 49 28 1.4 - - - -

-

4.98
S-1220D M 4 37 33 2.9 - - - -

-

5.53
S-1231 M 12 47 32 2.7 - - - -

-

5.69
S-1232 M? 37 8 27 1.1 - - - -

-

5.15
S-1272 T 22 25 35 1.6 - - - - - 4.79
S-1312A P 23 28 16 1.4 - - - - - 6.84
S-1312B M 7 47 29 1.8 - - - - - 3.35
S-1323A M 8 42 36 2.1 - - - - -
S-1323B 7 19 30 34 1.6 - - - -

-

3.75



O G S Report 283

Texture Carbonates Pebble Lithology %Heavy
MineralsSample No. Unit % Sand %CIay Total% Ratio %Ls %Dolo %Chert %Clastics %Prec

S-1323C A 51 12 46 0.9
- - - - -

4.85
S-1324A A 62 6 35 0.9 - - - - 5.15
S-1324B PA 9 52 33 2.6 - - - - - -
S-1339A M? 23 26 - - - - - - - 5.39
S-1339B A 41 9 43 0.7 - - - - - 4.87
S-1350 T 42 12 32 1.1 36 51 2 4 7 5.72
S-1370 M 11 58 32 2.8 - - - - - 5.19
S-1381A M? 17 34 38 1.0 - - - - - 5.30
S-1381B A - - 40 0.8 - - - - - -
S-1406 M 6 48 32 3.6 65 16 1 2 16 4.75
S-1426 DS 100 - 28 0.2 - - - - - 6.11
S-1456A M 8 36 28 1.9 - - - - - 3.71
S-1465B P 39 19 31 1.1 45 39 4 - 12 4.68
S-1460 P? 25 19 34 1.4 - - - - - 7.35
S-1481 P 25 12 38 1.1 - - - - - 5.21
S-1500 T 22 23 39 1.0 18 60 1 9 12 4.87
S-1503 P 46 14 44 0.7 - - - - - -
S-1506 M? 8 40 32 1.5 - - - - - -
S-1544 T 26 18 42 1.1 - - - - - -
S-1551A T 26 21 - - 42 39 - 1 18 3.25
S-1551B T 17 33 36 0.9 37 39 4 - 20 4.62
S-1553A L 3 48 - - - - - - - 5.12
S-1553B L 4 14 53 1.6 - - - - - 3.42
S-1553C S 35 21 56 1.3 - - - - - 3.48
S-1555 L 28 21 36 2.5 - - - - - 4.40
S-1556A T 19 32 33 1.8 - - - - - 4.78
S-1556B T 21 36 36 1.3 - - - - - 5.88
S-1556C S 39 12 36 1.0 - - - - - 3.57
S-1569 M 10 29 38 2.1 - - - - - 5.06
S-1576 T 44 16 44 0.9 - - - - - -
S-1577 M 11 47 34 2.5 - - - - - 4.77
S-1582 T 23 23 38 1.1 - - - - - 4.63
S-1586A A 37 13 45 0.6 - - - - - 4.69
S-1586B A - - 39 0.7 - - - - -
S-1586C L 12 44 40 1.5 - - - - - 3.98
S-1586D L 18 45 38 1.0 - - - - - 4.22
S-1586E A? 28 27 44 1.5 - - - - - 4.75
S-1586F M? 16 43 36 1.7 - - - - - 4.78
S-1586G L - - 40 1.4 - - - - 5.74
S-1586H M? 6 42 30 1.5 - - - - - 6.39
S-1586J M? 15 47 - - - - - - - -
S-1586K A 41 17 - - - - - - - -
S-1618 A 32 13 36 0.8 - - - - - 3.93
S-1647A PA 23 23 - - 13 67 3 3 14 5.31
S-1647B A 40 13 - - - - - - - 4.67
S-1648A PA 32 19 44 0.8 20 61 11 - 8 6.03
S-1648B A 44 8 41 0.5 - - - - - 5.15
S-1649A PA - - 39 1.3 - - - - - -
S-1649B PA 41 18 42 0.6 - - - - - 4.62
S-1650 T? 32 16 37 0.9 - - - - - 4.98
S-1682 T 7 33 41 1.2 - - - - - 4.25
S-1742A1 A 34 12 - - - - - - - 8.42
S-1742A2 A 41 12 52 0.5 - - - - - 5.06
S-1742B M? 17 26 39 1.9 - - - - - 8.33
S-1747 T 21 22 36 1.1 - - - - - 5.24
S-1748 M 15 33 40 1.8 - - - - - 4.55
S-1769 T 24 13 46 0.8 - - - - - 4.30
S-1778A T 19 26 38 1.3 24 69 1 4 2 4.31
S-1778B A 52 7 46 0.5 - - - - - 5.26
S-1832A1 A 27 18 43 0.8 - - - - - 4.12
S-1832A2 A 26 17 42 0.8 - - - - - 4.16
S-1832A3 A 25 14 40 0.8 21 64 - 2 13 4.44
S-1832B T 22 26 37 1.1 24 66 2 1 7 5.63
S-1833A T? 9 39 38 1.8 - - - - - 5.00
S-1833B T 20 21 36 1.2 - - - - - -
S-1881A D 9 46 41 1.7 44 30 4 7 15 4.61
S-1881B B? - - 36 1.3 - - - - - 6.57
S-1882A B 6 51 37 1.3 - - - - - 5.79
S-1882B T 27 28 33 1.4 - - - - - 5.63
S-1910 T 20 39 34 1.2 35 49 3 1 12 5.54
S-1919U D 17 39 39 1.8 51 33 3 1 12 -
S-1919M T 23 33 32 1.8 - - - - - -
S-1919L B 12 50 33 3.3 - - - - - -
S-1919B B 7 67 29 1.8 - - - - - -
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Texture Carbonates Pebble Litboloev %Heavy
MineralsSample No. Unit % Sand %Clay Total% Ratio %Ls %Dolo %Chert %Clastics %Prec

S-1999 D 8 43 23 1.2
- - - - -

5.02
S-2007 A 44 8 51 0.4 - - - - - 3.99
S-2012 D 8 49 37 1.7 - - - - - 5.19
S-2013 D 13 36 37 1.4 49 37 2 - 12 4.16
S-2014 D 13 40 37 1.5 - - - - - -
S-2060 A 40 12 - - - - - - - 8.64
S-2069 T? 22 24 32 1.6 - - - - - 5.02
S-2079A ? 8 42 40 1.5 - - - - 5.19
S-2079B T 15 28 43 1.2 - - - - - 4.46
S-2080 T 17 36 36 1.4 - - - - - 4.37
S-2083B T 15 32 32 1.6 - - - - - 4.49
S-2090 D 15 53 37 1.4 - - - - - -
S-2094B A 40 12 42 0.5 - - - - - 4.58
S-2102A B? 17 26 39 1.0 - - - - - 5.77
S-2102B T? 17 33 34 1.8 - - - - - 7.13
S-2102C B? 17 33 30 1.9 - - - - - 6.16
S-2109A A 34 12 47 0.5 - - - - - 5.61
S-2109B A? 27 19 31 1.5 - - - - - 5.29
S-2109C T? 28 22 26 2.1 - - - - 5.61
S-2133 D 9 47 36 2.0 - - - - - 5.11
S-2140 D 10 50 33 2.3 - - - - 4.51
S-2140U D 14 48 32 2.4 - — - - - -
S-2140L T 30 27 34 1.0 - - - - - -
S-2141 D 8 47 32 2.2 - - - - - 5.93
S-2142 S 23 25 37 1.0 - - - - - 4.25
S-2143A S 22 28 45 1.4 - - - - - 4.24
S-2143B L 2 64 34 4.7 - - - - - 3.68
S-2248U S 25 25 40 1.5 52 33 3 1 11 -
S-2248M S? 16 23 39 1.3 - - - - - -
S-2248L D 12 46 31 2.7 - - - - - -
S-2248 S? 8 21 38 1.1 - - - - - 4.97
S-2252 s 22 25 31 1.4 - - - - - 4.71
S-2257 s 17 20 38 1.0 - - - - - -
S-2265A s? 12 26 34 1.4 - - - - - 4.57
S-2265B s 29 19 45 0.8 - - - - - 4.24
S-2273A D ?4 53 30 3.8 - - - - - 5.42
S-2273B D? 11 44 33 2.4 - - - - - 5.24
S-2383 S 27 15 45 1.1 - - - - - 4.22
S-2384 S 27 14 32 1.5 - - - - - 6.29
S-2386 S 27 20 35 0.9 - - - - - 4.50
S-2404 T? 16 40 34 1.9 28 48 4 9 11 5.61
S-2464 M? 7 43 33 2.2 - - - - - 5.58
S-2466 T? 18 32 34 1.6 - - - - - 5.17
S-2467 T? 33 17 33 1.4 - - - - - 6.47
S-2469 M? 11 38 35 1.9 - - - - - 4.23
S-2530 T 18 26 40 1.4 - - - - - 4.43
S-2533 S 34 14 44 1.0 - - - - - 4.33
S-2592A D 11 46 26 1.7 - - - - - -
S-2592B D? 2 19 36 2.8 - - - - - 4.89
S-2595 T 26 17 39 1.0 - - - - - 3.94
S-2612A PA? 20 30 37 1.4 - - - - - 4.68
S-2612B A 31 17 46 0.5 - - - - - 3.43
S-2624 T 26 23 32 1.0 - - - - - -
S-2625B T 4 24 38 1.0 - - - - - 5.27
S-2645 T 17 27 40 1.4 - - - - - 4.50
S-2647 T 26 19 38 1.4 - - - - - 4.15
S-2648A T 13 34 33 1.9 - - - - - 5.05
S-2648B M 7 63 31 2.9 - - - - - 4.85
S-2665A A 42 14 41 0.8 - - - - - 4.69
S-2665B M 10 55 30 2.7 - - - - - 4.49
S-2665C T 12 32 30 1.6 23 72 - - 5 3.61
S-2677 A 48 7 39 0.5 - - - - - 5.33
S-2680 T? 21 18 29 1.9 - - - - - 4.84
S-2711 D? 3 54 33 2.1 - - - - - 5.78
S-2722 T 17 25 33 1.5 - - - - - 4.73
S-2773 B? 18 34 34 1.7 - - - - - 3.97
S-2816 T 8 23 33 1.2 - - - - - 4.63
S-2870 T 18 28 35 1.3 - - - - - -
S-2893A A? 35 18 45 1.0 - - - - - -
S-2893B T? 26 29 32 0.9 - - - - - -
S-2894A A 43 12 53 0.7 - - - - - 4.77
S-2894C A? 31 14 43 0.5 - - - - - 4.67
S-2894D PA 21 29 32 1.0 - - - - - 4.33
S-2901A1 B? 15 21 35 1.0 - - - - - 4.24
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S-2901A2 B? 16 30 32 1.8
- - - - -

4.43
S-2901B B? 8 40 35 2.0 - - - - - 3.84
S-2901C T? 13 28 32 1.6 - - - - - -
S-2902A A 36 13 40 0.7 - - - - 4.60
S-2902B B? 5 70 32 3.3 - - - - - 4.63
S-2904 T? 18 29 29 1.5 - - - - - 4.80
S-2919 D 3 58 36 2.7 - - - - - 6.44
S-2984A T? 23 19 34 1.0 - - - - - 4.07
S-2984B B? 16 16 31 2.4 - - - -

-

5.32
S-2989 B 4 62 32 2.8 - - - - - 5.14
S-3O37A S 34 14 51 1.0 - - - -

- -

S-3037C T 19 23 46 1.3 - - - - - -
S-3049 T 21 25 35 2.1 - - - -

- -

S-3062 T 17 30 40 1.8 - - - -

- -

S-3066 S 28 16 40 1.1 - - - - -

-

S-3119 T 16 28 37 1.7 - - -

-

-

-

S-3161 A 40 7 37 0.8 - - -

-

- -
S-3173U B 7 63 30 3.3 - - - - - -
S-3173L A 51 7 53 0.5 - - -

- -

-
S-3175U D 5 60 34 3.3 - - -

-

- -
S-3175M T 16 28 36 1.3 - - - - - -
S-3175L B 9 49 35 2.1 - - - - - -
S-3176U D 10 53 31 2.3 - - - - - -
S-3176M T 36 12 31 0.6 - - -

- - -

S-3176L B 15 48 36 1.4 - - - - -

-

S-3179U T 20 23 36 1.6 - - - -

-

-
S-3180 D 14 50 37 2.4 - - - -

- -

S-3185U D 4 66 - - - - - -

- -

S-3185M T 27 24 37 1.1 - - - -

-

S-3185L B 15 36 35 1.4 - - - -

-

-
S-3187U D 4 60 40 2.2 56 35 - 2 7 -
S-3187M T 9 32 43 1.4 - - - -

-

-
S-3187L B 4 47 33 1.7 - - - -

- -

S-3189U D 11 52 36 1.1 42 45 4 - 9
S-3189M T 26 26 38 1.4 - - - -

- -

S-3189L B 8 49 37 1.6 - - - - - -
S-3193U E 26 25 40 0.6 - - -

- - -

S-3193L D? 18 39 43 1.3 - - - - - -
S-3196U S 41 20 55 1.9 - - - -

-

-
S-3196L D 25 39 40 1.7 - - - - - -
S-3200U D 16 42 41 1.6 - - - - -

-

S-3200M T? 32 17 47 0.6 - - - - - -
S-3200L B? 23 36 43 1.1 - - - - -
S-3201U D? 16 49 32 3.0 - - - - - -
S-3201L B 10 54 32 3.0 - - - - - -
S-3202 D 12 43 44 1.4 - - - - - -
S-3206 E 16 30 48 0.7 - - - - - -
S-3209L D 13 42 36 1.3 - - - - - -
S-3210U D 14 44 41 2.0 - - - - - -
S-3210L B 4 65 35 3.1 - - - - - -
S-3213U D 14 55 37 1.9 - - - - - -
S-3213L B 8 48 34 2.0 15 59 14 5 7 -
S-3213B A 44 9 51 0.5 - - - -

-

-
S-3214U D 10 51 34 1.8 - - - - - -
S-3214M T 15 37 40 1.1 - - - - - -
S-3214L B 4 42 35 1.7 - - - - - -
S-3218 E 16 32 44 1.1 - - - - - -
S-3219 E 26 24 46 0.6 - - - - - -
S-3228 E 10 35 47 0.8 - - - - - -
S-3233 D 6 52 36 2.5 - - - - - -
S-3410 D 5 42 36 1.5 20 52 22 1 5 -
S-3485 D 13 44 38 1.4 - - - - - -
S-3506U T 20 33 36 1.3 - - - - - -
S-3506L T? 12 38 37 1.9 - - - - - -
S-35O8L D 17 41 46 1.7 - - - - - -
S-3515 D 12 49 41 1.5 - - - - - -
S-3524 D 12 49 44 2.0 - - - - -
S-3526 D 10 52 32 2.1 - - - - - -
S-3573 PA 25 32 35 0.9 - - - - - -
S-3573U T? 17 32 38 1.2 - - -

-

- 4.25
S-3573L PA 29 21 36 0.9 16 74 1 3 6 9.44
S-3573-GA-20 D 6 49 30 2.3 - - - - - -
S-3573- GA-21 T 13 39 40 0.8 - - - - - -
S-3573-GA-22 A 20 17 44 0.4 - - - - - -

62



Stratford—Conestogo Area

Texture Carbonates Pebble Lithology %Heavy
Sample No. Unit %Sand %Clay Total% Ratio %Ls %Dolo %Chert %Clastics %Prec Minerals

S-3573-GA-23 PA 27 19 39 0.6
S-3573-GA-24 PA 26 21 40 0.7 - - - - -
S-3574 PA 17 31 32 1.1 - - - - - 4.74
S-3574-GA-17 PA 20 25 40 0.3 - - - - - -
S-3574-GA-18 PA 20 39 37 1.2 - - - - - -
S-3574-GA-25 PA 15 30 28 1.0 - - - - -
S-3574-26 PA 20 30 32 0.6 - - - - -
S-3574-27 PA 6 35 32 0.9 - - - — - -
S-3583 A 35 13 43 0.5 16 56 19 3 6 4.28
S-3620 T 23 24 40 0.8 23 62 6 2 7 4.54
S-3707U D 12 43 33 2.0 51 42 - - 7 4.60
S-3707L T 12 31 34 1.5 45 38 5 2 10 4.77
S-4016A A 47 13 35 0.9 - - - - 5.11
S-4016B P? 33 25 32 1.2 33 30 5 12 20 5.49
S-4018U P 29 30 38 1.6 - - - - — 5.30
S-4018L A 47 13 34 1.1 - - - - - 6.92
S-4020 M? 4 64 30 2.7 - - - - 4.49
S-4067 M 9 35 38 1.5 - - - - -
S-4085A A 48 12 32 0.9 - - - - - -
S-4085B A - - 42 0.7 - - - - -
S-4127 T 30 24 30 1.6 32 32 10 9 17 -
S-4139A S 34 15 45 1.0 - — - — - -
S-4139B T 14 36 38 1.7 - - - - -
S-4159 T 14 43 37 1.8 - - - - -
S-4216A T 28 25 33 2.2 - - - - - -
S-4216B A 33 14 37 1.0 - - - - -
S-4223U E 20 35 42 0.9 - - - - -
S-4223L W 10 51 43 1.2 - - - - -
S-4237 L 1 17 35 0.4 - - - - -
S-4250 E 30 19 48 0.8 35 54 2 1 8 -
S-4263A E 19 29 45 0.7 - - - - - 3.74
S-4263B W? 1 56 33 3.9 - - - - - 4.90
S-4314 E 19 25 51 1.1 - - - - - -
S-4341 E 32 25 53 0.5 - - - - - -
S-4353 E 25 10 50 0.3 - - - - - -
S-4389 E 35 13 47 0.2 - - - - - -
S-4390 PA? 16 28 30 2.1 - - - - - -
S-4391 A? 39 12 39 1.2 - - - — - -
S-4395U P? 48 6 34 1.0 - - - - — -
S-4395L M? 9 52 24 3.1 - - - - - -
S-4409 T 29 21 30 0.6 - - - - - -
S-4434 7 19 40 35 2.6 - - - - - -
S-4437 Â 32 15 50 0.6 - - - - - -
S-4479 D 8 54 33 1.7 - - - - 3.83
S-4511U T 7 46 39 1.0 33 49 10 - 8 -
S-4511M B 15 27 33 1.0 33 55 4 1 7 -
S-4511L B 35 27 43 0.6 24 52 12 2 10 -
S-4512 A 35 11 45 0.5 - - - - - -
S-4515U D 27 32 40 1.0 27 60 — 3 10 -
S-4527 A 40 13 43 0.8 - - - - - -
S-4528 T? 23 16 40 1.3 - - - - - -
S-4537 A 34 11 48 0.5 - - - - - -
S-4582 E 24 12 47 0.3 - - - - - -
S-4596 D 16 37 43 1.2 32 46 5 6 11 -
S-4602U E? 16 38 32 1.0 28 53 10 - 9 -
S-4602L A 38 13 55 0.3 12 70 13 - 5 -
S-4627 E 38 14 57 0.3 - - - - - 3.40
S-4651U E 34 21 37 0.1 19 66 8 - 7 -
S-4651L A 43 6 50 0.3 11 79 8 - 2
S-4682 E 27 33 41 1.2 31 46 8 3 12 -
S-4730A D 8 51 38 2.9 - - - - - 3.68
S-4730B T 33 22 39 1.7 - - - - 7.03
S-4734 B? 12 42 35 2.0 40 46 6 1 7 -
S-4746A PA 38 19 48 0.5 - - - - - -
S-4746B PA 6 11 48 0.4 - - - - -
S-4746C A 24 11 50 0.4 - - - - - -
S-4746D B? 14 34 38 1.1 - - - - - -
S-4771 M - 52 30 3.9 - - - - - 3.34
S-4865 D ?7 49 40 1.3 - - - - -
S-4871 M? 4 58 29 2.6 - - - - - -
S-4873A T 16 28 42 1.6 - - - - - 4.50
S-4873B S 24 31 44 1.4 - - - - - 3.54
S-4875 L 4 69 34 3.5 - - - - - 3.78
S-4876A A 43 11 44 0.6 - - - - - -
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S-4876B T 9 18 45 0.9
- - - - - -

S-4876C S 49 11 48 0.8 - - - - - -
S-4899 A 53 7 31 0.6 - - - - 5.36
S-4920 A 38 12 36 0.8 29 52 2 4 13 5.03
S-4946 P 33 21 34 1.8 - - - - - 6.00
S-4990U M 35 28 28 1.8 - - - - - 4.54
S-4990L A 49 10 37 0.7 - - - - - 4.35
S-5009 P 18 20 32 1.8 - - - - - 4.85
S-5034 P? 48 11 34 1.1 - - - - - 5.99
S-5065 P 28 14 33 1.6 - - - - - 5.16
S-5067 PA? 23 20 37 2.2 - - - - - 5.54
S-5080A PA? 9 26 37 1.8 - - - - - 6.43
S-5080B A? 24 29 49 1.1 - - - - - 3.59
S-5140 A 33 12 33 0.9 - - - - - 3.92
S-5176 M 3 47 23 4.6 - - - - - 5.69
S-5194 M 23 25 31 2.5 - - - - - 5.34
S-5225 M? 3 52 35 2.8 - - - - - 4.10
S-5230 P 30 26 35 1.3 - - - - - 4.84
S-5236A E 36 11 49 0.1 - - - - - 2.93
S-5236B T? 10 42 37 1.3 - - - - - 2.51
S-5236C A? 31 16 53 0.6 - - - - - 2.57
S-5251 T 22 29 35 1.6 - - - - - 4.01
S-5252A T 41 33 35 1.1 - - - - - -
S-5252B M 10 60 26 2.5 - - - - - -
S-5253 M? 19 34 31 1.7 - - - - - 3.94
S-5264A T? 30 10 44 0.7 - - - - - -
S-5264B T? 24 25 37 1.0 - - - - - -
S-5265 p 57 7 43 0.6 - - - - - -
S-5266A M? 4 33 44 1.1 - - - - - 4.05
S-5266B P 65 8 54 0.6 - - - - - 5.22
S-5267 M? 23 20 36 1.7 - - - - - 5.22
S-5268 P 54 10 42 0.6 - - - - - 4.35
S-5270 OS 97 - - - - - - - - -
S-5272 M 8 54 34 2.1 - - - - - -
S-5273 T? 29 21 49 0.5 - - - - - -
S-5275 M? 3 57 - - - - - - - -
S-5276A PA 8 31 47 0.8 - - - - - -
S-5276B PA 37 19 44 0.4 - - - - - -
S-5276C PA 11 47 31 2.1 - - - - - -
S-5276D PA 36 17 47 0.2 - - - - - -
S-5276E PA 16 40 33 1.7 - - - - - -
S-5281 P 41 21 42 0.5 - - - - - -
S-5286 M 11 33 32 2.6 - - - - - -
S-5289 M 4 64 25 4.0 - - - - - -
S-5290A T? 12 29 30 1.7 - - - - - -
S-5290B T? 19 32 22 1.0 - - - - - -
S-5291A T? 6 31 45 0.7 - - - - - -
S-5291B P 44 12 47 0.6 - - - - - -
S-5293A T? 22 21 35 1.3 - - - - - -
S-5293B p 66 10 38 1.1 - - - - - -
S-5297 M? 17 22 34 2.1 - - - - - -
S-5298A M? 1 44 34 2.4 - - - - - -
S-5298B T? 18 27 36 1.5 - - - - - -
S-5301 T? 18 23 36 1.0 - - - - - -
S-5307A M? 5 34 34 2.1 - - - - - -
S-5307B M? 18 23 29 1.9 - - - - - -
S-5309A P 57 14 50 0.5 - - - - - -
S-5309B M 11 42 42 0.9 - - - - - -
S-5310 M? 6 42 40 1.6 - - - - - -
S-5311 P? 29 18 35 1.2 - - - - - -
S-5312 M 2 35 41 1.9 - - - - - -
S-5314A M? 2 54 36 3.2 - - - - - -
S-5314B T? 21 30 39 1.3 - - - - - -
S-5316 M 13 38 30 2.0 - - - - - -
S-5317A A? 57 9 45 0.6 - - - - - -
S-5317B M 4 52 28 4.4 - - - - - -
S-5320 M 13 46 31 1.9 - - - - - -
S-5322 T? 16 18 28 1.8 - - - - - -
S-5329 p 49 6 37 0.6 - - - - - -
S-5330 p 46 - 54 0.9 - - - - - -
S-5331 T? 30 14 31 0.9 - - - - - -
S-5332 M? 11 30 28 2.1 - - - - - -
S-5334 P 54 14 44 0.3 - - - - - -
S-5335 M 5 43 27 3.5 - - - - - -
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S-5340 T? 12 31 36 1.5 - - - - - -

S-5342 M 7 39 35 25 - - - - - -
S-5343A M 11 46 43 1.4 - - - - - -
S-5343 BA 29 10 45 0.3 - - - - - -
S-5343C PA 26 9 47 0.5 - - - - - -
S-5343D T 28 23 39 0.9 - - - -

- -

S-5344A T? 21 30 36 1.7 - - - - - -
S-5344B T? 32 18 37 0.6 - - - - - -
S-5345A M 10 50 34 3.2 - - - - -

-

S-5345B M 6 54 33 3.0 - - - - - -
S-5350A T 15 41 36 1.3 - - - - - -
S-5350B M 6 52 35 1.9 - - - - - -
S-5359A P? 35 16 38 0.6 - - - - - -
S-5359B M 2 63 30 3.3 - - - - - -
S-5362 M? 32 17 26 1.6 - - - - - -
S-5363 T? 15 19 32 0.9 - - - - - -

PW 1-17 PA 33 13 52 0.5 - - - - - -

PW 2-29 fill? 26 32 38 1.7 - - - - - -
PW 2-30 L 8 7 44 0.2

-

- - - - -
PW 2-37 T 24 29 40 1.1 - - - - - -
PW2-41 A? 42 18 39 1.1 - - - - - -
PW 2-46 A 31 24 42 1.1

-

- - - - -
PW 2-56 PA? 52 16 43 0.8 - - - - - -
PW 4-66 T 19 31 35 1.4 - - - - - -
PW4-71 A 45 12 44 0.6 - - - - - -
PW 4-88 PA 34 28 38 0.9 - - - - - -
PW4-91 PA 13 54 29 2.2 - - - - - -
PW 5-99 M? 35 21 - -

-

- - - - -
PW5-112 ? 35 33 20 1.8 - - - - - -
PW5-118 B? 5 66 27 3.2 - - - - - -
PW5-133 A? 40 26 38 0.9 - - - - - -
PW 7-2 T 30 20 37 1.0 - - - - - -
PW 7-3 T 24 29 34 1.4 - - - - - -
PW 7-8 A? 30 29 33 0.9 - - - - - -
PW7-11 PA? 7 45 33 1.1 - - - - - -
PW 7-13 PA? 6 44 45 2.0 - - - - - -
PW 7-26 PA? 23 24 44 0.7 - - - - - -
PW 8-33 E 13 21 47 0.3 - - - - - -
PW 8-35 E 1 24 51 0.4 - - - - - -
PW 8-40 B? 19 26 51 0.4 - - - - - -
PW 8-50 A? 58 8 53 0.3 - - - - - -
PW 9-56 T 13 5 34 0.8

-

- - - - -
PW 9-65 M? 16 31 37 1.0 - - - - - -
PW 9-66 M? 9 25 37 0.9 - - - - - -
PW 9-68 M? 9 44 37 1.2 - - - - - -
PW9-71 M? 10 53 36 1.1 - - - - - -
PW 9-73 M? 1 51 46 0.8 - - - - - -
PW 9-74 A? 18 32 38 0.6 - - - - - -

U W -5 0 -7 3 -1  PA 13 32 32 1.2 - - - - - -
U W -5 0 -7 3 -2  PA 32 16 58 0.4 - - - - - -
U W -50-73  - 3  PA 31 19 55 0.4 - - - - -
U W -5 1-74 -A M ? 5 31 32 1.6 - - - - - -
U W -5 1 -7 4 -B A ? 41 12 31 0.8 - - - - - -
U W -5 1 -7 4 -C A ? 34 13 38 0.6 - - - - - -
U W -51-74-D P A ? 27 18 31 1.2 - - - - - -
U W -5 1 -7 4 -E  PA? 25 22 28 1.3 - - - - - -
U W -5 2 -7 4 -A M 5 66 29 3.4 - - - - - -
U W -52 -  7 4 -B A 43 13 41 0.6 - - - - - -
U W -5 3 -7 4 -A M 4 72 28 3.7 - - - - - -
U W -5 3 -7 4 -B  A 39 13 41 0.8 -

-

- - - -
U W -5 4 -7 4 -A A ? 32 16 35 1.0 - - - - - -
U W -5 4 -7 4 -B A ? 19 30 41 0.7 - - - - - -



Appendix B: Till Analyses -  Heavy Mineral 
Percentages1,2

Sample
Mineral

2 3A 3B 4 8A 8B 116 167 249A 249B 281A 312A 312B

Andalusite - - - 0.7 -

-

- - — — 0.3 - —
Apatite - 1.2 - 0.9 2.0 1.5 1.5 0.9 0.5 2.8 1.7 1.8 3.6
Biotite - - - - 0.3 - - 0.3 - - 0.3 - -
Chondrodite - - - - 0.6 - - 0.3 - - - 0.3
Clinopyroxene 11.6 9.9 11.6 8.7 9.9 9.9 11.4 7.3 6.7 9.9 11.0 10.5 8.1
Clinozoisite - - - - - - - - - - 0.3 - 0.6
Enstatite 1.7 - 1.7 1.7 0.9 - - - - - 0.3 0.3
Epidote - - - - 1.7 - 0.6 0.6 0.7 1.2 0.6 1.2 0.9
Clear garnet 6.9 7.6 6.9 6.8 12.8 7.8 13.2 9.6 5.1 8.4 4.6 7.8 9.6
Red garnet 10.5 11.3 10.5 9.3 15.1 16.2 13.5 10.2 6.0 9.6 10.4 13.2 13.8
Hornblende 48.2 46.2 48.2 49.3 32.2 42.0 41.1 43.2 65.1 53.0 53.1 49.2 42.9
Hypersthene 5.9 5.7 5.9 5.3 3.5 5.4 3.9 6.1 3.0 3.7 4.6 5.4 3.3
Kyanite 3.3 0.6 3.3 1.2 0.3 0.3 - 0.9 - - - - -
Magnetite 5.6 9.0 5.6 5.3 13.1 9.9 9.6 12.8 5.5 6.2 6.7 4.5 8.4
Muscovite 0.3 0.3 0.3 - - - - - 0.5 - - - 0.3
Pyrite - 0.3 - - - - 0.6 - - - - - -
Riebeckite 0.3 0.3 0.3 2.5 2.0 2.1 1.2 2.3 1.6 1.2 1.7 2.7 1.8
Rutile - - - 0.3 - - - - - - - - -
Scheelite - - - 1.6 - - - - - - - -
Sphene 1.3 1.2 1.3 3.7 1.5 1.5 0.6 1.5 0.9 0.6 0.9 0.6 1.2
Staurolite 0.7 1.2 0.7 - - - - - - - - - -
Tburmaline 0.3 0.6 0.3 0.3 0.9 1.2 1.8 0.6 0.9 1.6 - 1.8 1.5
Tremolite 4.3 3.9 4.3 3.4 1.5 2.1 1.5 1.5 2.3 1.6 2.9 1.2 1.8
Zircon - - - - - 0.3 - 0.6 - 0.3 - - -
Zoisite - - - - - - - - - - - 0.3 -

Sample
Mineral

320B 320C 416 438A 438B 464A 464B 464C 464D 498A 498B 533A 533B

Andalusite - - - - - - -

-

- - -

-

-

Apatite 1.7 1.2 1.3 1.7 1.3 0.9 1.0 1.2 1.2 0.3 0.9 1.7 1.3
Biotite - - - - - - - - - 0.6 0.3 -
Chondrodite - - - - - 0.6 - - - - - - -
Clinopyroxene 9.3 15.3 10.6 16.2 13.1 7.8 10.5 16.1 5.6 1.3 2.4 13.6 9.0
Clinozoisite - - - - - 0.3 - - - - 0.3 -
Enstatite - 0.6 - 0.3 0.3 0.3 0.7 - - - - 0.6 0.3
Epidote 0.6 0.9 1.3 0.6 1.0 1.8 0.7 0.9 2.5 1.6 0.9 0.3 1.0
Clear garnet 7.8 8.4 11.2 9.0 5.8 7.5 7.5 5.0 7.1 5.4 14.2 4.4 6.1
Red garnet 13.1 11.7 15.2 9.6 11.8 19.2 15.3 9.9 10.9 25.4 16.3 12.2 10.2
Hornblende 52.5 36.0 40.9 44.1 49.3 38.4 42.2 47.4 50.2 51.4 52.8 45.8 57.0
Hypersthene 3.8 4.2 6.6 5.8 2.2 5.1 2.4 3.7 5.3 1.3 3.0 2.6 3.2
Kyanite - - - - - - - - - - - - 0.6
Magnetite 4.9 15.3 7.3 7.3 9.9 11.1 11.9 6.8 5.3 7.9 5.0 11.0 4.5
Muscovite - - - 0.3 - 0.3 - - - - - - 0.3
Pyrite - - 0.3 - - - - - - - - - -
Riebeckite 0.6 2.4 0.7 1.5 0.3 2.4 2.4 2.8 4.0 0.6 0.3 2.0 3.8
Rutile - 0.3 - - - - - - - 0.6 - 0.3 -
Scheelite - - - - - - - - - - - -
Sphene 1.5 1.2 1.7 0.9 1.9 0.9 0.7 1.9 3.4 0.6 2.1 1.2 1.0
Staurolite - 0.6 - 0.6 - - - - - - - -
Tourmaline 0.9 1.5 1.0 2.0 - 0.6 0.7 0.9 0.6 - - 0.6 0.3
Tremolite 2.0 0.9 1.7 0.9 1.9 2.4 3.4 1.6 1.9 2.9 2.7 1.7 1.6
Zircon - 0.3 - - - - - 0.3 0.3 - - - -
Zoisite - 0.3 - 0.6 - - - 0.6 0.3 - - - -



Stratford—Conestogo Area

Sample
Mineral

615A 615B 615C 1324A 1324B 1500 1551B 1586A 1586B 1S86C 15 86D 1586E 1586F

Andalusite - - - - -

- -

-

-

- -

-

-

Apatite 1.5 2.0 1.2 1.3 - - 6.5 0.3 1.0 2.2 0.6 1.6 1.6
Biotite - - - 0.3 0.3 - 1.6 0.6 1.0 - - - -
Chondrodite - - - - - - - - - - - -

-

Clinopyroxene 15.3 12.8 12.6 3.8 3.3 16.3 4.1 5.5 1.9 3.9 3.1 5.0 1.3
Clinozoisite - - - - - - - - - - - -

-

Enstatite - - 0.3 - - - - - - - - 0.3 -
Epidote 0.9 0.8 0.6 0.6 3.3 0.3 0.6 2.5 0.6 4.8 3.1 3.4 4.1
Clear garnet 7.8 8.8 8.1 7.7 9.7 13.1 10.0 6.4 5.4 7.7 7.1 4.4 5.4
Red garnet 9.6 11.8 8.1 17.9 19.5 12.2 24.6 19.3 23.2 18.9 27.1 22.7 25.2
Hornblende 40.9 44.0 45.9 49.8 48.9 39.4 47.4 42.3 40.6 48.4 41.9 47.8 46.5
Hypersthene 5.4 5.8 3.9 4.5 2.7 3.5 0.6 7.4 5.1 1.9 3.4 3.1 2.6
Kyanite - - - - - 0.6 0.3 - - - - - -
Magnetite 10.5 7.5 12.6 8.0 6.7 11.2 4.7 6.8 10.2 4.2 6.8 3.7 5.7
Muscovite - - - - - 0.3 - - - -
Pyrite 0.9 0.8 - - - - - - - - - - -
Riebeckite 3.9 1.0 3.0 - 0.6 1.0 - - - - - - -
Rutile - - - 1.0 0.3 0.3 - 1.5 0.3 3.5 2.2 2.5 2.6
Scheelite - - - - - - - - - - - - -
Sphene 1.8 1.0 0.6 1.6 1.8 0.6 - 0.3 1.9 0.6 1.2 0.9 0.6
Staurolite 0.3 - - - - - - - - - - - -
Tourmaline 0.9 0.8 0.9 - - 0.6 - 0.6 - 0.6 - 0.3 -
Tl-emolite 1.5 2.3 2.7 3.5 2.7 0.3 2.5 6.4 8.6 2.9 3.7 4.4 4.5
Zircon - - - - - - - - - 0.3 - -

-

Zoisite - - - - - - 0.3 - - - - - -

Sample
Mineral

1586G 1586H 1910 1919U 1919M 1919L 1919B 2069 2140U 2140L 2248U 2248M 22481,

Andalusite - 0.3 - - -

-

- 0.3 - - - -

Apatite 0.6 1.2 1.5 1.9 0.3 1.5 1.9 1.6 1.6 1.8 2.1 1.6 0.6
Biotite - 0.6 - 0.6 0.8 0.3 0.3 - 0.3 1.5 - - 1.6
Chondrodite - - - - - - - - - - - - -
Clinopyroxene 6.3 2.1 6.9 1.3 1.9 3.9 10.0 11.8 3.6 5.2 3.5 3.1 2.5
Clinozoisite - - - - - - - - - - - - -
Enstatite - - 0.6 - - - - - - - - - -
Epidote 0.9 1.2 1.8 3.8 1.9 4.2 3.9 0.6 2.0 3.4 4.1 3.5 1.6
Clear garnet 6.3 4.9 8.4 2.9 3.0 6.3 7.1 4.8 2.9 5.5 5.3 4.4 5.3
Red garnet 25.5 23.6 12.6 14.9 22.3 17.9 13.6 13.8 18.6 19.6 15.6 19.8 23.2
Hornblende 45.5 46.1 43.2 50.0 45.7 43.9 47.1 49.6 48.0 42.3 44.7 44.5 40.9
Hypersthene 2.7 3.3 6.0 2.9 3.2 2.7 1.0 4.5 3.6 3.7 4.1 2.8 1.6
Kyanite - - - - - - - - - - - - -
Magnetite 5.4 5.2 12.6 11.4 11.3 10.8 7.1 4.5 8.2 4.9 8.5 7.2 11.5
Muscovite - - - - - - - - - - - - -
Pyrite - - - - - - - - - - - - -
Riebeckite - - 1.2 - - - - 1.9 - - - - -
Rutile 2.4 3.0 - - 0.8 0.6 0.3 0.3 1.0 2.5 3.2 1.9 1.6
Scheelite - - - - - - - - - - - - -
Sphene 2.4 1.2 0.9 5.1 1.9 2.4 0.3 1.0 2.9 1.5 3.2 4.1 3.4
Staurolite - - - - - - - 0.3 - - - - -
Tourmaline - - 0.3 - - - - 0.3 - - - - -
Tremolite 3.6 7.3 3.3 5.4 6.7 6.0 5.8 3.5 6.9 7.7 5.6 7.2 6.5
Zircon 0.3 0.3 0.3 - - - - - - 0.3 - - -
Zoisite - - - - 0.3 - - - - - - - -
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Sample
Mineral

2648A 2648B 2902A 2902B 3173U 3173L 3175U 3175M 3175L 3213U 3213L 3213B 4016A

Andalusite - - - -

-

- - - - - - - -

Apatite 1.2 1.0 0.6 0.6 0.9 0.9 1.6 0.3 3.1 0.6 0.6 2.1 0.9
Biotite 1.5 - 0.3 - - 0.3 - 0.3 0.9 - 0.6 - 3.4
Chondrodite - - - - - - - - - - - - -
Clinopyroxene 3.0 1.9 3.8 2.2 3.4 3.4 2.3 4.2 2.5 0.9 4.7 3.7 2.4
Clinozoisite - - - - - - - - - - - -
Enstatite - - - - - - - - - - - - -
Epidote 0.6 1.3 1.3 1.9 2.2 5.3 5.2 0.6 1.9 6.3 3.1 6,7 0.6
Clear garnet 4.8 13.0 4.4 4.3 2.2 3.4 2.6 3.6 5.0 3.6 1.6 5.8 6.7
Red garnet 18.4 14.9 20.4 15.4 18.1 19.4 17.6 16.5 23.7 17.2 21.9 20.7 18.9
Hornblende 49.3 48.3 42.8 42.9 50.5 50.0 49.5 51.9 44.6 52.1 44.8 39.8 47.3
Hypersthene 4.2 2.9 3.5 - 2.5 2.8 4.9 4.2 2.8 3.3 4.4 3.0 3.1
Kyanite - - - - - - - - - - - - -
Magnetite 6.8 7.6 10.1 18.8 10.6 9.3 5.5 10.1 7.8 4.8 7.8 8.2 9.2
Muscovite - - - - - - - - - - - - -
Pyrite - - - - - - - - - - - - -
Riebeckite 1.5 0.3 - - - - - - - - - - 0.9
Rutile 0.6 - 1.3 0.9 0.6 0.6 4.2 - - 1.5 0.3 2.4 0.9
Scheelite - - - - - - - - - - - - -
Sphene 2.7 5.7 4.1 2.5 2.8 1.5 3.6 2.3 3.4 4.2 1.6 2.7 3.7
Staurolite - - - - - - - - - - - - -
Tourmaline - - - - 0.3 - - - - - - 0.3 -
Tremolite 5.6 2.9 7.6 5.3 5.9 3.1 2.9 6.1 4.4 5.4 8.5 4.6 2.1
Zircon - - - - - - - - - - - - -
Zoisite - - - - - - - - - - - - -

Sample
Mineral

4016B 4018U 40181. 4020 4127 4263A 4263B 4479 4596 4627 4682 4730A 4730B

Andalusite - - - - 0.3 - - - - - - - -
Apatite 0.3 0.9 0.3 0.3 2.0 - 0.3 0.3 5.1 0.6 25.3 - 0.3
Biotite 1.2 3.4 2.4 0.6 - 0.6 - 1.9 0.3 1.6 0.3 - 1.6
Chondrodite - - - - - - - - - - - - -
Clinopyroxene 5.3 2.8 4.2 2.5 8.7 0.9 1.9 1.5 1.9 1.2 1.9 1.6 1.9
Clinozoisite - - - - - - - - - - - - -
Enstatite - - - - 0.3 - - - - - - - -
Epidote 0.6 0.3 1.5 1.5 1.4 4.6 2.5 4.9 9.0 3.7 1.6 2.2 3.8
Clear garnet 10.3 9.9 12.2 9.8 7.6 3.1 3.8 4.3 2.6 7.8 9.8 5.6 5.6
Red garnet 15.0 17.9 14.8 20.2 10.1 15.2 13.8 16.1 11.9 18.3 7.0 18.6 16.6
Hornblende 49.7 46.3 44.8 51.1 46.8 53.9 52.5 57.4 53.2 49.1 47.4 54.9 52.2
Hypersthene 4.4 2.8 3.9 3.7 3.4 2.2 2.5 1.9 3.5 2.5 0.3 2.8 2.8
Kyanite - - - - 0.6 - - - - - - - -
Magnetite 6.5 9.0 9.8 5.8 8.1 12.7 13.4 6.2 6.1 6.5 2.8 6.6 8.1
Muscovite - - - - - - - - - - - - -
Pyrite - - - - - - - - - - - - -
Riebeckite 0.9 1.2 0.6 0.6 3.1 1.2 0.9 0.6 - 0.9 - 0.3 0.3
Rutile 0.3 0.6 0.3 0.3 0.6 0.6 - - 1.3 0.3 - 0.5 0.3
Scheelite - - - - - - - - - - - - -
Sphene 2.9 2.5 2.0 1.5 2.0 2.2 2.8 2.8 1.3 4.0 0.3 4.4 3.1
Staurolite - - - - - - - - 0.3 - - - -
Tourmaline - - 0.3 - 0.6 - - - - - - - -
Tremolite 2.7 2.2 3.0 2.1 2.0 2.8 5.6 2.2 2.9 3.1 2.6 1.9 3.4
Zircon - - - - 0.6 - - - 0.6 - - - -
Zoisite - - - - - - - - - - - - -
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Sample
Mineral

4873A 4873B 4875 4920 4946 5009 5065 5140 5194 5225 S236A 5236B 5236C

Andal usité

- - -

- - - - - - - -

-

Apatite 0.3 - 0.9 - - 0.6 1.0 0.3 0.3 0.3 0.3 0.7 0.3
Biotite 0.9 1.0 - 2.2 - 0.9 1.3 0.9 0.9 - 0.9 0.7 -
Chondrodite - - - - - - - - - - - - -
Clinopyroxene 1.8 1.9 3.3 2.8 3.5 3.3 4.8 5.3 4.1 5.5 2.2 1.9 1.6
Clinozoisite - - - - - - - - - - -
Enstatite - - - - - - - - - - - -
Epidote 3.3 4.5 4.8 1.2 1.9 1.8 1.9 1.9 0.6 0.7 5.0 5.2 5.3
Clear garnet 6.0 4.8 6.9 9.9 6.3 10.1 9.4 7.1 3.7 8.5 3.7 6.2 6.5
Red garnet 16.0 13.1 10.8 19.4 19.2 11.8 13.6 16.7 16.8 9.5 21.1 9.1 11.8
Hornblende 53.2 51.9 52.7 46.8 51.1 51.2 50.0 50.5 54.5 57.0 45.3 56.3 50.3
Hypersthene 2.1 1.6 3.6 2.5 3.5 3.3 2.9 3.4 3.1 2.9 2.5 3.2 3.4
Kyanite - - - - - - - - - - - - -
Magnetite 10.3 14.0 8.1 10.2 6.3 12.4 10.0 6.5 7.5 5.2 11.5 10.7 15.5
Muscovite - - - - - - - - - - - - -
Pyrite - - - - - -

- -

- - - -
Riebeckite 0.6 1.0 0.9 0.3 1.0 0.6 1.3 0.6 1.6 0.7 1.2 1.3 0.3
Rutile 0.9 - 0.3 - 1.0 - 0.3 - 0.6 1.3 0.9 - -
Scheelite - - - - - - - - - - - - -
Sphene 0.9 3.8 3.9 1.9 1.9 1.8 1.9 0.9 1.6 3.9 0.9 2.6 2.5
Staurolite - - - - - - - - - - - - -
Tburmaline - - - - - - - - - - - - -
Tremolite 3.6 2.6 3.6 2.8 2.8 2.1 2.9 5.3 4.7 4.6 4.0 2.3 2.5
Zircon - - 0.3 0.3 - - - - - - - - -
Zoisite - - - - - - - - - - - -

-

Sample
Mineral

5251 5253 PW 2-
37

PW 2-
41

PW 2-
46

PW 2-
56

PW 4-
66

PW 4-
71

PW 4-
88

PW 4-
91

PW 5-
112

PW 5-
118

PW 5-
133

Andalusite - - - - - - - - - - - - -

Apatite - 0.3 0.6 1.3 1.0 0.9 1.6 0.7 2.0 1.0 - 0.3 -
Biotite 0.9 - - - - - - - - - - - -
Chondrodite - - - - - - - - - - - - -
Clinopyroxene 4.3 6.2 2.9 2.0 3.9 4.3 3.5 3.0 3.0 1.3 2.7 2.0 2.6
Clinozoisite - - - - - - - - - - - - -
Enstatite - - - - - - - - - - - - -
Epidote 1.5 1.3 2.0 2.0 4.2 2.7 1.6 0.7 2.3 3.5 0.6 0.3 0.6
Clear garnet 8.6 10.0 3.1 5.6 4.2 2.1 1.9 5.7 3.0 3.5 5.7 8.0 6.7
Red garnet 15.3 13.4 9.5 11.6 7.7 8.8 8.6 12.0 12.3 10.5 12.1 12.0 11.8
Hornblende 56.4 54.8 58.8 58.9 60.9 50.3 59.7 57.3 56.2 51.6 51.2 57.3 55.4
Hypersthene 3.4 1.3 5.0 5.6 1.6 2.7 3.5 3.7 1.3 4.1 3.6 3.0 2.6
Kyanite - - - - - - - - - - - - -
Magnetite 4.3 5.0 2.6 3.0 2.9 5.5 2.3 2.7 4.3 6.1 4.5 2.7 2.2
Muscovite - - - - - - - - - - - - -
Pyrite - - - - - - - - - - - -
Riebeckite - 0.3 3.0 1.0 3.9 6.7 4.2 4.0 6.3 5.7 3.9 2.3 5.1
Rutile 0.3 0.9 0.3 - - 0.6 0.3 - - 0.3 - 0.3 -
Scheelite - - - - - - - - - - - - -
Sphene 1.5 2.5 2.9 1.0 2.2 3.1 1.6 0.3 3.0 2.2 0.9 2.7 1.9
Staurolite - - - - - - - - - - - - -
Tourmaline - - 3.0 2.3 1.0 2.4 4.2 2.7 2.0 4.5 4.2 2.3 2.9
Tremolite 3.4 4.1 7.9 5.6 6.7 9.8 7.0 7.3 4.3 5.1 6.9 6.0 8.3
Zircon - - - - - - - - 0.6 - 0.7 -
Zoisite - - - - - - - - - - - - -



O G S Report 283

Sample
Mineral

PW 7-2 PW 7-3 PW 7-8 PW 7-11 PW 7-26 PW 8-31 PW 8-33 PW 8-35

Apatite 2.2 1.7 1.0 1.2 1.0 1.2 2.2 1.6
Biotite - - - - - - - -
Chondrodite - - - - - - - -
Clinopyroxene 4.1 2.0 3.2 1.5 1.9 1.9 2.8 1.9
Ciinozoisite - - - - - - - -
Enstatite - - - - - - - -
Epidote 1.6 1.7 1.0 1.5 1.6 1.2 2.8 2.3
Clear garnet 4.1 4.0 3.9 6.3 6.7 4.3 2.8 2.9
Red garnet 11.1 15.5 9.0 13.7 10.5 12.3 9.0 6.1
Hornblende 56.2 53.5 57.4 55.5 54.9 53.9 57.4 54.8
Hypersthene 6.4 2.3 1.9 2.4 4.4 3.1 2.5 3.6
Kyanite - - - - - - - -
Magnetite 3.2 4.6 5.8 5.1 5.4 8.6 6.2 6.8
Muscovite - - - - - - - -
Pyrite - - - - - - - -
Riebeckite 2.2 3.0 3.2 2.4 1.9 3.7 4.0 7.7
Rutile 0.3 - - 0.9 0.6 - - 0.3
Scheelite - - - - - - - -
Sphene 1.6 2.6 1.6 2.4 2.9 1.9 2.2 2.9
Staurolite - - - - - - - -
Tburmaline 2.9 2.6 2.3 1.5 2.2 2.5 2.5 1.3
Tremolite 3.8 6.6 9.7 5.7 6.0 5.5 5.9 7.7
Zircon 0.3 - - - - - - -
Zoisite - - - - - - - -

Sample
Mineral

PW 8-40 PW 8-50 PW 9-56 PW 9-66 PW 9-68 PW 9-71 PW 9-73 PW 9-74 PW 9-76

Apatite 1.8 0.7 1.3 0.7 1.2 0.6 1.0 1.3 0.7
Biotite - - - - - - - -
Chondrodite - - - - - - - -
Clinopyroxene 1.8 2.3 1.9 1.7 2.5 3.0 2.0 1.6 2.3
Clinozoisite - - - -  - - - - -
Enstatite - - - - - - - -
Epidote 3.0 2.6 1.6 1.0 1.2 1.2 1.3 5.2 1.3
Clear garnet 4.5 3.6 5.6 8.6 5.9 6.6 5.3 3.6 4.3
Red garnet 10.9 9.5 20.3 14.3 19.3 12.3 16.5 15.6 10.5
Hornblende 58.8 52.4 50.8 58.5 47.5 55.0 53.3 54.9 59.7
Hypersthene 1.5 3.9 1.3 1.7 1.9 3.3 2.6 2.0 2.3
Kyanite - - - - - - - -
Magnetite 5.5 9.5 4.4 1.0 4.4 2.4 2.6 4.9 6.2
Muscovite - - - - - - - -
Pyrite - - - - - - - -
Riebeckite 3.0 4.6 1.6 2.7 3.7 2.7 3.0 3.3 2.6
Rutile - - - - - - -
Scheelite - - - - - - - -
Sphene 3.0 3.3 1.6 1.0 2.8 2.7 3.0 1.6 2.3
Staurolite - - - - - - - -
Tourmaline 1.5 2.3 2.5 2.3 2.2 4.2 2.3 1.3 1.6
Tremolite 5.2 5.5 6.9 6.6 7.1 6.0 7.2 4.9 5.9
Zircon - - - - - - - 0.3
Zoisite - - - - - - -

1. Minor variations in this table are caused by rounding o f data.
2. Heavy mineral analysis carried out by M. Hughes and D. Villard, University o f Waterloo, in 1968 and 1969.



Appendix C: Pebble Lithology of Gravels1

Site Material location and type Lithology2
Ls Dolo Ch Cl Prec

S -27 Laurel Creek outwash 18 48 23 5 6
S-39 Laurel Creek outwash 7 53 27 6 7
S-44 Laurel Creek outwash 11 64 14 3 8
S-144 SE of Elmira esker 16 77 - 2 5
S-256 Elmira moraine kame 16 62 6 6 10
S-292 Elmira moraine kame 15 65 2 4 4
S-323 Laurel Creek kame 23 70 1 - 6
S-544 SE Wellesley kame 48 31 6 6 9
S-894 Stratford esker 53 28 1 9 9
S-917 Harmony kame 42 34 4 8 12
S-980 Trout Creek kame 28 43 3 13 13
S-1158 Baden esker 24 57 - 4 15
S-1339 Nith outwash 22 56 1 11 10
S-1386 Waterloo moraine kame 14 64 5 12 5
S-1509 Beechwood kame 12 73 2 9 4
S-1597 Conestogo River outwash 11 65 9 6 9
S-1620 Hawkesville esker 14 72 1 2 11
S-1791 North Woolwich outwash 24 67 1 1 7
S-1813 North Woolwich outwash 17 75 1 2 5
S-1824 North Woolwich esker 19 70 1 1 9
S-1851 North Woolwich esker 14 69 3 5 9
S-1936 Wellesley moraine kame 21 47 21 4 7
S-2289 Amulree kame 22 58 3 - 17
S-2310 Easthope moraine kame 35 38 5 6 16
S-2404 Easthope moraine kame 28 48 4 9 11
S-2447 Easthope moraine kame 40 34 6 7 13
S-2680 Hawkesville kame 10 62 9 8 11
S-3572 Conestogo River outwash 9 83 1 4 3
S-4023 Nith River outwash 19 64 - 11 6
S-4530 Conestogo River outwash 7 82 4 - 7
S-4545 Listowel esker 16 62 13 1 8
S-4625 Wyandot esker 7 63 17 2 11
S-4696 Listowel kame 33 56 3 8
S-4936 Chesterfield kame 23 40 20 10 7
S-5028 Nith River outwash 38 42 3 7 10
S-5106 Nith River outwash 15 64 - 14 7
S-5175 Warren Paving, Waterloo Moraine 9 72 3 7 9
S-5230 Laurel Creek kame 21 67 - 6 6
S-5237 Moorefield outwash 8 80 4 2 6
S-5357 Waterloo outwash 19 65 2 4 10

1. Pebbles 1 - 2  " in diameter used in pebble counts, which were done by field, assistants each summer.
2. Ls -  limestone

Dolo -  dolostone
Ch — chert
Cl — elastics
Prec — Precambrian



Appendix D: Site and Borehole Locations and Section 
Descriptions
Note: The locations of sites and boreholes are marked on maps 2558 and 2559 (see “Back Pocket”), except for sites and boreholes in the Kitchen- 
er-W aterloo urban area and the Glen Allan interstadial site, where the density of locations is too great to be shown at this scale. The Glen Allan 
site locations are shown on Figure 5 (see “Pre -  Catfish Creek Sediments”). Codes for boreholes are as follows: PW = Canada Public Works; UW = 
University of Waterloo. This data has not been scientifically edited.

S -2 Gravel pit 1 mile (1.6 km) south of Haysville and west of Nith River. Sampled till overlies gravel.
S -3 Gravel pit 1.75 miles (2.8 km) northeast of Mannheim, now obscured by intersection of Fischer Drive and Conestogo Parkway. Sample 

till 3A overlies, and 3B underlies, gravel.
S -4 Roadcut directly west of Punkeydoodles Corners 2.5 miles (4 km) southwest of New Hamburg.
S -5 Roadcut on south side of Conestogo River valley 0.5 mile (0.8 km) south of Conestogo at east edge of map area. Four feet (1.2 m) of 

brown clay till (Maryhill Till, Sample A) overlies more than 6 feet (1.8 m) of buff sandy till (Catfish Creek Till, Sample B).
S -7 House excavation, south corner of Grant Crescent and Colonial Drive, Waterloo. Sample of 6 feet ( 1.8 m) of sandy till (Port Stanley) 

overlying sand and gravel.
S -8 Driveway excavation, corner of Hillside Street and Lexington Road, Waterloo. Sample B from 8 feet (2.4 m) clay till (Maryhill) overly- 

ing Sample A from 2 feet (0.6 m) of sandy till (Catfish Creek).
S-27 Gravel pit east of Waterloo Sewage Treatment Plant, north of University Avenue East. Pit now obscured by Conestogo Parkway. Cur- 

rent direction to south. Thin cap of sandy (Port Stanley) till. Gravel sample.
S-31 Roadcut on Marsland Drive, Waterloo, by Hillside Park. Sample of 20 feet (6 m) of silty till (Tàvistock) overlying 20 feet (6 m) of silt 

over sand and gravel.
S -39 Gravel pit south of Lexington Road, Waterloo, and east of Forwell Creek. Gravel overlain by thin sandy (Port Stanley) till. Gravel 

sample.
S-42 Roadcut on town line road, south side of Nith River 1.3 miles (2.1 km) east ofNithburg. Sand and gravel 3 feet (0.9 m) thick overlie 3 

feet (0.9 m) of sand till (Sample B) over 5 feet (1.5 m) of sand over sandy till (Sample C). Grey clay till knoll (Sample A) exposed at base 
of cut farther downslope to north.

S-44 Gravel pit, north side of Lexington Road, Waterloo, east of Forwell Creek. Gravel overlies clay (Maryhill) till and underlies sandy 
(Port Stanley) till. Gravel sample.

S-45 Roadcut for Conestogo Parkway under Lexington Road, Waterloo. Sample is from 5 feet (1.5 m) sandy (Port Stanley) till, over 15 feet 
(4.5 m) of sand.

S-115 North side of Conestogo River, east edge of St. Jacob’s, behind nursing home. Valley wall section:
Sample B
0 -2  feet (0-0 .6  m) sandy soil
2 -  5 feet (0.6 -1 .5  m) clay till
5 -35  feet (1.5-10.5 m) sandy till (Catfish Creek)
Sample A
35-38 feet (10.5-11.4 m) covered
38-41 feet (11.4-12.3 m) disturbed varved clay
41- 50 feet (12.3-15 m) hard, brown silt till (pre-Catfish)

S-116 North bank Conestogo River, east of S—115.
0 -11  feet (0-3.3 m) buff silty stony till

11 - 17 feet (3.3-5.1 m) grey silty till (pre-Catfish Creek), sample; overlies wet silt
S-127 Ditch cut 2.75 miles (4.4 km) southeast of Elmira. Sample of silt till (Port Stanley)
S-138 Roadcut east side of Conestogo Road, 1.3 miles (2.1 km) north of Conestogo exposed sandy (Port Stanley, Sample A) till over clay 

(Maryhill, Sample B) till
S-144 Gravel pit in esker 3 miles (4.8 km) southeast of Elmira. Gravel sample
S-152 North bank Canagagigue Creek, 2.75 miles (4.4 km) southeast of Elmira

0 -22  feet (0-6.6 m) interbedded buff stony sandy till (Catfish Creek; Sample A) and sand
22-42 feet (6.6-12.6 m) grey tobuff silty till (pre-Catfish Creek); Sample B at 32 feet (9.6 m), Sample C

at 40 feet (12 m)
42- 48 feet (12.6-14.4 m) medium gravel
48-51 feet (14.4-15.3 m) buff gravelly sandy till; Sample D (pre—Catfish Creek)
51-52 feet (15.3-15.6 m) orange oxidized gravel

S-153 Roadcut north edge of Canagagigue Creek valley 2.6 miles (4.2 km) southeast of Elmira.
0 -5  feet (0-1.5 m) buff sandy (Port Stanley) till; Sample A
5 -7  feet (1.5-2.1 m) brown clayey silt till (Maryhill? Sample B)
7 -9  feet (2.1 - 3  m) yellow sandy (Catfish Creek, Sample C) till

S-154 North bank Canagagigue Creek 2.25 miles (3.6 km) southeast of Elmira.
0 -3  feet (0-0.9 m) sand and gravel
3 -12  feet (0.9-3.6 m) sandy stony till (Catfish Creek )

12- 17 feet (3.6-5.1 m) covered tocreek
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S - 167 Excavation for Link-Belt warehouse, northeast edge of Elmira.
0 -1 0  feet (0 -3  m) stratified sandy silt grading downward to grey, stony, varved clay at base;

some contortions
10-12 feet (3-3.6 m) grey clay (Maryhill) till; sample

S-170 Roadcut east of corner of Union Street and First Street East, Elmira.
0 -4  feet (0-1.2 m) sandy (Port Stanley) till; Sample A
4 -  5 feet (1.2-1.5 m) buff silt (Tàvistock) till; Sample B
5 -  6 feet (1.5-1.8 m) brown clay till (Maryhill); Sample C
6 -  7 feet (1.8-2.1 m) yellow sandy till (Catfish Creek); Sample D

S-223 Roadcut 2 miles (3.2 km) northeast of Floradale. Sample of sandy (Tavistock) till.
S-226 Roadcut, crest of Elmira Moraine, 2.5 miles (4 km) northeast of Floradale. Sample of sandy (Tàvistock) till overlying sand. 
S-229 Roadcut, 3.5 miles (5.6 km) northeast of Floradale. Sample of clay (Maryhill?) till under sand.
S-249 Roadcut north edge of Carroll Creek 4.5 miles (7.2 km) south of Alma.

0 -8  feet (0-2.4 m) yellow sand
8 -  12 feet (2.4-3.6 m) buff sandy (Port Stanley) till; Sample A

12-16 feet (3.6-4.8 m) stratified silt and sand
16- 23 feet (4.8-Ô.9 m) brown silty clay till (Maryhill?); Sample B
23 -  24 feet (6.9 -  7.2 m) yellow fine sand
24-26 feet (7.2-7.8 m) sandy (Catfish Creek) till; Sample C
2 6 - 50 feet (7.8 -1 5  m) covered to creek

S-256 Gravel pit in Elmira Moraine 4.5 miles (7.2 km) south of Alma. Current flow to south. Gravel sample.
S-281 Roadcut 4 miles (6.4 km) southwest of Alma.

0 -5  feet (0-1.5 m) buff sandy silt (Tavistock) till; Sample A
5 -  10 feet (1.5-3 m) brown silt (Tàvistock) till; Sample B

10-18 feet (3.5-4 m) contorted silt and sand
18-23 feet (5.4-6.9 m) sand and gravel
23-28 feet (6.9-8.4 m) sandy till (Catfish Creek); Sample C

S-286 Roadcut 3.5 miles (5.6 km) southwest of Alma. Sample of sandy silt (Tavistock) till.
S-292 Gravel pit in Elmira Moraine 3 miles (4.8 km) southwest of Alma. Gravel sample.
S-303 Excavation for apartment garage south corner of Westmount Road and Highland Road, Kitchener. Sample of clayey silt (Tàvistock?) 

till.
S-312 Roadcut 2 miles (3.2 km) southwest of Alma, south edge Carroll Creek.

0 -4  feet (0.1 - 2  m) clayey silt (Tàvistock) till; Sample A
4 -6  feet (1.2-1.8 m) contorted silt and clay
6 -  18 feet (1.8-5.4 m) buff sandy silt (Tàvistock) till; Sample B

18-41 feet (5.4-12.3 m) fine tocoarse gravel
41-65 feet (12.4-19.5 m) covered to creek

S-320 University of Waterloo campus, Waterloo; hillside, cut beside Arts Lecture building exposed upper buff sand (Tàvistock) till (A) over 
interbedded sand and silt till (B) over clayey silt till (Sample C). Excavation for Engineering extension in 1965 exposed grey silt till 
under sand (Sample D). Excavation for heating tunnels east of Village I residences exposed silt till (Sample E) under 14 feet (4.2 m ) of 
sand. Excavation for Design Institute also exposed silt till (Sample F).

S-321 Cut behind warehouse south of University Avenue and east of CNR. Interbedded sand and clayey till (sample).
S-323 Gravel pit north of Bridgeport Road near Bluevale Road, now obscured. Gravel sample.
S-416 Excavation for subdivision northeast corner of Petersburg exposed knoll ofsandy (Catfish Creek) till (sample) under 8 feet (2.4 km) of 

sand.
S-438 North bank Nith River 0.5 mile (0.8 km) east of Wellesley.

0 -2 7  feet (0-8.1 m) brown clay till (Stirton?); Sample B
2 7 - 29 feet (8.1 -8 .7  m) stratified sand
29-36 feet (8.7—10.8 m) hard stony sandy till (Catfish Creek); Sample A
36-37 feet (10.8-11.1 m) covered to river

S-439 South bank Nith River 1.5 miles (2.4 km) southwest of Wellesley. Complex section (50feet [15 m]) consists of interbedded till and sand 
and gravel under 20 feet (6 m) of outwash gravel. Samples A and D are of upper sandy till, C is of middle sandy till, and B is of basal 
sandy till.

S-443 Roadcut, west side of creek at Lisbon. Silty sand (Stratford) till (Sample B) over clay (Mornington?) till (Sample A).
S-464 Roadcut south of Conestogo Dam.

0 -4  feet (0-1.2 m) brown clay till (Mornington); Sample D
4 -  6 feet ( 1.2 -1 .8  m) laminated silt and clay
6 -9  feel (1.8-2.7 m) clayey silt till (Tàvistock); Sample C
9 -  17 feet (2.7-5.1 m) stratified silt and sand

17- 21 feet (5.1-6.3 m) brown blocky silt till (Stirton); Sample B
21-27 feet (6.3-8.1 m) buff stony sandy silt till (Catfish Creek); Sample A

S-465 Roadcut on Erb Street, east edge of Rummelhardt. Silt till (Maryhill).
S-469 South bank Nith River 1 mile (1.6 km) south of Wellesley.

0 -4  feet (0-1.2 m) brown clay till (Stirton?); Sample A
4 -1 0  feet (1.2-3 m) olive sandy silt till (Catfish Creek)

10-12 feet (3-3.6 m) grey sandy till (Catfish Creek); Sample B
12-18 feet (3.6-S.4 m) covered to river
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S-474 Roadcut 2 miles (3.2 km) northwest of Phillipsburg.
0 -3  feet (0-0 .9  m) brown clay till (Mornington); Sample A
3 -8  feet (0.9-2.4 m) buff sandy silt till (Thvistock); Sample B
8 -1 2  feet (2.4-3.Ô m) grey clay till (Stirton); Sample C

S-494 Excavation for bridge over Nith River 1.5 miles (2.4 km) southwest of Ayr (Galt map area). Gravelly sandy till (Sample B) over sandy 
silt till (Sample C) over stratified sand, over grey sandy till (Sample A).

S-495 Roadcut 3 miles (4.8 km) northeast of Wolverton. Sample from sandy (Port Stanley) till over stratified sand.
S-498 Roadcut 2.5 miles (4 km) southeast of New Dundee at east edge of map area. Sample (A) of brown silty sand (Port Stanley) till over 

clayey silt (Maryhill till, Sample B).
S-508 Roadcut 1 mile (1.6 km) east of Plattsville in silty sand (Port Stanley) till.
S -510 Roadcut 0.5 mile (0.8 km) northwest of Phillipsburg in brown clay till (Mornington).
S-519 Roadcut 2 miles (3.2 km) southeast of Wellesley in sampled brown clay till (Stirton?) more than 15 feet (4.5 m) thick. West bank Nith 

River, section just north of cut:
0 -7  feet (0-2.1 m) brown clay till
7 -9  feet (2.1 -2 .7  m) till as above interbedded with silt
9 -2 5  feet (2.7 -7 .5  m) laminated to varved silt and clay; upper part contorted

25 -  39 feet (7.5 -11.7 m) grey clay till
39-46 feet (11.7-13.8 m) covered to river

S—524 Roadcut 2 miles (3.2 km) east of Wellesley in brown clay till (Mornington).
S-533 Roadcut northeast corner of intersection at Josephsburg: 5 feet (1.5 m) of clay till (Mornington, Sample A) over 10 feet (3 m) of sandy 

till (Catfish Creek, Sample B).
S-544 Gravel pit in kame 1.5 miles (2.4 km) north of Phillipsburg. Gravel sample.
S-553 Roadcut 2 miles (3.2 km) northeast of Phillipsburg, brown clay till (Mornington?).
S-558 East bank Nith River 3 miles (4.8 km) southeast of Wellesley.

0 -7  feet (0-2.1 m) brown silty clay till
7 -  12 feet (2.1 -3 .6  m) laminated to varved clay and silt

1 2 - 43 feet (3.6-12.9 m) silty clay till, partly slump block
43— 49 feet (12.9—14.7 m) covered to river

S-559 West bank of Nith River 2.5 miles (4 km) southeast of Wellesley.
0 -8  feet (0-2.4 m) brown sandy clay till
8 -  15 feet (2.4-4.S m) variable interbedded till and sand

15—25 feet (4.5-7.5 m) stratified silt and sand
2 5 - 26 feet (7 5 -7 .8  m) orange fine gravel, thickens eastward to 12 feet (3.6 m)
2 6 - 35 feet (7.8-10.5 m) grey silty clay till
35—56 feet (10.5-16.8 m) covered to river

S-595 Roadcut at Nith River south of Phillipsburg. Eighteen feet (5.4 m) of brown over grey silty clay till. Riverbank section west of cut:
0 -5  feet (0-1.5 m) yellow stratified fine sand
5 — 15 feet (1 .5 -45  m) brown over grey sampled clay till (Stirton?)

S-601 Service trench on McDougall Road at Keats Way, Waterloo. Grey silt till (Tavistock?).
S-602 South bank of Nith River 1.5 miles (2.4 km) northeast of New Hamburg.

0 -6  feet (0-1.8 m) clayey silt till
6 -8  feet (1.8-2.4 m) silt
8 -2 0  feet (2 .4 -6  m) grey clay till

S-615 West bank Nith River 1 mile (1.6 km) north of Phillipsburg:
0 -1 0  feet (0 -3  m) clayey silt till (Stirton?); Sample C

10-18 feet (3-5.4 m) laminated to varved silt and clay
18-23 feet (5.4-6.9 m) grey silty clay till, grading down to hard sandy silt till
23 -30  feet (6 .9-9  m) buff contorted sand and silt
30-41 feet (9—12.3 m) grey silty clay till (Stirton?); Sample B
41 -44  feet (12.3-13.2 m) interbedded till and silt
4 4 - 46 feet (13.2-13.8 m) clayey silt till
46-49  feet (13.8-14.7 m) olive sandy clayey silt till (Catfish Creek); Sample A

S—644 Roadcut on Erb Street, 2 miles (3.2 km) east of Phillipsburg: sampled brown clay till (Maryhill). Adjacent to borehole PW5. 
S-650 Bridge excavation at Nith River east of Phillipsburg. Stratified fine sand 15 feet (4.5 m) thick overlies 20 feet (6 m) of grey clay till 

(Stirton?).
S-662 East bank Nith River 0.75 mile (1.2 km) northeast of Phillipsburg.

0 -6  feet (0-1 .8  m) grey clay till (Stirton?)
6 -1 3  feet (1.8-3.9 m) varved clay and silt

13 - 14 feet (3.9-4.2 m) covered to river
S—663 Upstream from mouth of small east tributary to Nith River, 1 mile (1.6 km) northeast of Phillipsburg.

0 -5  feet (0-1.5 m) brown clay till
5 -25  feet (1.5-7.5 m) laminated clay and silt, contorted toward base

25-26 feet (7 5 -7 .8  m) grey clay till
S-678 Roadcut 0.5 mile (0.8 km) northwest of St. Agatha: 10 feet (3 m) of brown silt till (Maryhill) over 6 feet (1.8 m) of sand.
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S-704 House excavation at corner of Delamere Street and Morrison Street, Stratford: 4 feet (1.2 m) of silty, sandy, stony till (Stratford). 
S-745 Roadcut on Weber Street North, south of Albert Street, Waterloo: sandy (Port Stanley) till.
S-749 Excavation for medical building on Cambria Street near John Street South, Stratford: buff stony sandy till (Stratford).
S-767 Gravel pit 3 miles (4.8 km) north of Stratford. Cap of silt till (Tàvistock?) 5 feet (1.5 m) thick over gravel.
S-797 Ditch 1 mile (1.6 km) west of Gads Hill: 3 feet (0.9 m) of silty fine sand over clay.
S -79 Ditch 1.5 miles (2.4 km) southwest of Gads Hill: 1 foot (0.3 m) of black muck over 2 feet (0.6 m) of brown silty clay.
S-802 House excavation in Gads Hill: 3 feet (0.9 m) of stony silt till (Stratford).
S-816 Ditch 1.75 miles (2.8 km) northeast of Gads Hill: 2 feet (0.6 m) soil over gravel over 2 feet (0.6 m) of silt with sand laminae.
S-819 Ditch 2.25 miles (3.6 km) north of Gads Hill in 3 feet (0.9 m) of lacustrine clay.
S-822 Ditch 2.3 miles (3.7 km) northeast of Gads Hill: 4 feet (1.2 m) of stratified silt and sand with minor gravel and clay.
S-844 Roadcut 4 miles (6.4 km) northwest of Gads Hill in brown silty clay till (Wartburg).
S-864 Roadcut 3 miles (4.8 km) southwest of Brunner: buff silt till (Elma).
S-875 Roadcut 1.5 miles (2.4 km) southwest of Brunner: silty clay till (Wartburg).
S-882 Ditch 1.5 miles (2.4 km) southeast of Brunner: 3 feet (0.9 m) o f stony clay over stony sand over 3 feet (0.9 m) of stony sandy silt till 

(Stratford).
S-894 Gravel pit west of O’Loane Street North, Stratford. Gravel sample.
S-917 Gravel pit 3.5 miles (5.6 km) south of Stratford. Thin cover of silt till. Gravel sample.
S-925 Roadcut, west edge of Harmony.

0 -3  feet (0-0 .9  m) lens of stony clay; Sample C
3 -7  feet (0.9-2.1 m) buff stony sandy silt till (Stratford); Sample B
7-19  feet (2.1 -5 .7  m) brown silt till (Tavistock); Sample A

S-960 Roadcut 1.5 miles (2.4 km) southeast of Harmony exposed silt till (Tàvistock) over stony sandy silt till (Catfish Creek) ; Sample of lower 
till.

S-980 Gravel pit 3 miles (4.8 km) southwest of Harmony. Silt till (5 feet [1.5 mJ) overlies 5 feet (1.5 m) ofvarved silt and clay over stratified 
sand and gravel. Gravel sample.

S-1001 Roadcut 0.5 mile (0.8 km) west of Harrington West, Lucan map area, exposed 24 feet (7.2 m) of brown (Sample A) over grey (Sample 
B) silt till (Tàvistock).

S-1008 Bridge excavation 0.5 mile (0.8 km) east of Brooksdale, Woodstock map area, exposed 15 feet (4.5 m) of grey silty sand till (Tavi- 
stock?).

S-1013 Test pit 1 mile (1.6 km) northwest of Maplewood in brown silt till (Tavistock).
S-1019 Test pit 1 mile (1.6 km) southwest of Maplewood in sandy silt (Tàvistock) till.
S-1030 Roadcut 1 mile (1.6 km) north of Maplewood in gritty silt till (Tàvistock).
S-1044 Roadcut 3 miles (4.8 km) southeast of Harmony: silt till (Tàvistock, Sample B) over sandy silt till (Catfish Creek, Sample A).
S-1049 Ditch 1.5 miles (2.4 km) southeast of Maplewood in 2 feet (0.6 m) of silty sand till (Catfish Creek).
S-1071 House excavation, west edge of Tàvistock: 4 feet (1.2 m) of gritty silt till (Tàvistock) over 4 feet (1.2 m) of sand in auger hole. 
S-1072 School excavation southeast corner of Tàvistock: clayey silt till (Tàvistock).
S-1075 Creek bank 1 mile (1.6 km) west of Tàvistock.

0 -11  feet (0-3.6 m) stratified sand
11-16 feet (3.6-4.8 m) sandy silt till (Catfish Creek)

S-1076 Gravel pit 1.7 miles (2.8 km) southwest of Tàvistock.
0 -5  feet (0-1.5 m) clayey silt till (Tàvistock)
5 -1 5  feet (1.5-4.5) stony silt

15-25 feet (4.5-7.5 m) kame gravel
2 5 - 35 feet (7.5-10.5 m) stony silty sand till (Catfish Creek)

S-1103 Roadcut 3.5 miles (5.6 km) west of Innerkip in sandy till (Tàvistock). Woodstock map area.
S-1104 Gravel pit 3 miles (4.8 km) north of Woodstock, Woodstock map area. Up to 5 feet (1.5 m) of sandy silt till (Tàvistock) overlie kame 

gravel.
S-1105 Excavation for Woodstock General Hospital, Wellington Street North. Woodstock map area. Two tills between overlying sand and 

underlying gravel were sampled: an upper sandy silt till (Port Stanley, Sample A) and a lower clayey silt till (Tàvistock?, Sample B). 
S-1106 Roadcut 0.75 mile (1.2 km) west of Sweaburg (Woodstock map area) in 8 feet (2.4 m) of silty sand till (Tàvistock).
S-1107 Roadcut 1 mile (1.6 km) southeast of Ingersoll (Woodstock map area) in silty sand till (Tàvistock).
S-1108 Roadcut 2 miles (3.2 km) southeast of Thamesford (Woodstock map area) in silty sand till (Tàvistock).
S-1143 East bank Nith River, across from New Hamburg fairgrounds.

0 -2  feet (0-0.6 m) brown clay till (Maryhill?)
2 -  3 feet (0.6-0.9 m) interbedded till and sand
3 -  5 feet (0.9-1.5 m) sand
5 -8  feet (1.5-2.4 m) hard silty sand till (Catfish Creek); Sample A
8-21  feet (2 .4 -63  m) stratified sand

21-23 feet (6.3-6.9 m) clayey silt till (pre-Catfish Creek); Sample B
23-26 feet (6.9-7.8 m) contorted varved clay and sand
2 6 - 28 feet (7.8-8.4 m) gravelly silt till (pre-Catfish Creek); Sample D
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S-1158 Gravel pit 1 mile (1.6 km) southwest of Baden. Gravel sample.
S-1167 Excavation for dam, Bearinger Road, Waterloo: grey clayey silt till (Maryhill?).
S-1196 School extension excavation 2.5 miles (4 km) southeast of Baden: grey silt till under 10 feet (3 m) of sand.
S-1219 South bank Nith River 1 mile (1.6 km) northwest of New Hamburg.

0 -4  feet (0-1.2 m) clayey silt till (Maryhill?)
4 -21  feet (1.2-6.3 m) laminated to varved to massive clay and silt

21 -42  feet (6.3-12.6 m) grey sandy silt till (Catfish Creek, sample)
S-1220 West bank of Nith River south of Highway 7, near S-1142.

South end of cut:
0 -2  feet (0-0.6 m) weathered clay till (Maryhill?)
2 -4  feet (0.6-1.2 m) laminated clay and silt
4 -8  feet (1.2-2.4 m) silty sand till (Catfish Creek, Sample B)
8 -1 4  feet (2.4-3.6 m) stratified clay over sand

14-16 feet (3.6-4.8 m) grey clay till (pre-Catfish Creek, Sample A)
North end of cut:

0 -2  feet (0-0.6 m) weathered clay till (Maryhill, Sample D)
2 -  8 feet (0.6—2.4 m) stratified silt and sand
8 -1 0  feet (2 .4-3 m) clayey silt till (Maryhill, Sample C)

10-13 feet (3-3.9 m) stratified silt, sand and clay
13- 14 feet (3.9-4.2 m) hard, silty sand till (Catfish Creek)
1 4 - 39 feet (4.2-11.7 m) covered to river

S-1231 Gravel pit 0.5 mile (0.8 km) northwest of Petersburg. Sample of 5 feet (1.5 m) of brown clay till (Maryhill) overlying 6 feet (1.8 m) of 
varved silt and clay on top of gravel.

S-1232 Roadcut 0.75 mile (1.2 km) northwest of Petersburg in sandy till.
S-1272 Roadcut 2 miles (3.2 km) south of New Hamburg in gritty silt till (Tavistock).
S-1312 Roadcut 1.75 miles (2.8 km) north of Platlsville.

0 -4  feet (0-1.2 m) gritty silt till (Port Stanley, Sample A)
4 -7  feet (1.2-2.1 m) brown clay till (Maryhill, Sample B)

S-1323 North bank Nith River 1.25 miles (2 km) southeast of New Hamburg.
0 -3  feet (0-0.9 m) brown clay till (Maryhill, Sample A)
3 -  7 feet (0.9-2.1 m) varved clay and silt
7 -1 6  feet (2.1-4.8 m) gritty silt till (Sample B)

16-23 feet (4.8-6.9 m) covered
23 - 24 feet (6.9-7.2 m) hard sandy silt till (Catfish Creek, Sample C)

S-1324 South bank Nith River 1.5 miles (2.4 km) north of Plattsville.
0 -7  feet (0-2.1 m) brown clay till
7 -1 3  feet (2.1-3.9 m) laminated clay and silt

13- 25 feet (3.9-7.5 m) covered
25-29 feet (7.5-8.7 m) stony sandy till (Catfish Creek, Sample A)
2 9 - 30 feet (8.7-9 m) contorted silt and clay
30 - 31 feet (9-9.3 m) grey clayey silt till (pre—Catfish Creek, Sample B)
31 -34  feet (9.3-10.2 m) covered to river

S-1339 East bank Nith River 0.5 mile (0.8 km) southeast of Haysville.
0 -1 6  feet (0-4.8 m) silt till (Maryhill?, Sample A)

16- 27 feet (4.8-8.1 m) interbedded till, sand, and silt
27-32 feet (8.1-9.6 m) stony, silty sand till (Catfish Creek, Sample B)
32-39 feet (9.6-11.7 m) covered to river

S-1342 East bank Nith River 1 mile (1.6 km) northeast of Haysville.
0 -2  feet (0-0.6 m) brown clay till
2 -2 0  feet (0 .6-6 m) interbedded till and contorted silt

20-28 feet (6-8.4 m) covered to river
S-1350 Roadcut 2.3 miles (3.7 km) south of Haysville in sandy silt till (Tavistock).
S-1370 South bank Nith River 1 mile (1.6 km) north of Haysville.

0 -1 2  feet (0-3.6 m) silt till
12-14 feet (3.6-4.2 m) clay till
14 - 17 feet (4.2-5.1 m) stony silt till
17- 19 feet (5.1-5.7 m) grey clay till (Maryhill, sample)
19-31 feet (S.7-9.3 m) covered to river

S-1381 South bank Nith River 1 mile (1.6 km) southeast of Haysville.
0 -7  feet (0-2.1 m) stratified sand and gravel
7 -14  feet (2.1-4.2 m) grey silty clay till (Maryhill?, Sample A)

14-16 feet (4.2-4.8 m) stony clayey silt till
16-24  feet (4.8-7.2 m) stony grey sandy silt till (Catfish Creek, Sample B)
2 4 -  34 feet (7 .2-10.2  m) covered to river

S-1386 Gravel pit 2 miles (3.2 km) northwest of New Dundee. Gravel sample.
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S-1406 Roadcut 1 mile (1.6 km) north of Chesterfield in brown clay till (Maryhill).
S - 1426 House excavation Chelford Place, Waterloo, showed 6 feet (1.8 m) of medium eolian sand above buried soil profile over kame sand. 
S-1456 Roadcut 1 mile (1.6 km) southwest of New Dundee: clayey sand till (Port Stanley, Sample B) over clayey silt till (Maryhill, Sample A). 
S-1460 Church excavation, southwest edge of New Dundee: 6 feet (1.8 m) of stratified clay, silt, and sand, over 4 feet (1.2 m) of gritty silt till 

(Port Stanley?).
S-1481 Roadcut 1.25 miles (2 km) northeast of New Dundee in gritty silt till (Port Stanley).
S-1500 House excavation, west edge of Alma in brown sandy silt till (Thvistock).
S - 1503 House excavation on Wildwood Place, Waterloo: silty sand till (Port Stanley).
S-1506 Apartment excavation northwest corner of Columbia Street and King Street North, Waterloo: 10 feet (3 m) stratified sand over 6 feet 

(1.8 m) varved clay and silt, over 2 feet (0.6 m) of grey clayey silt till (Maryhill?, sample) over 6 feet (1.8 m) stratified sand.
S-1509 Gravel pit beside Keats Way, Waterloo, in Beechwood kame. Gravel sample.
S-1544 Roadcut, Westmount Road, by St. Paul’s College: 8 feet (2.4 m) of buff silt till (Tavistock) over 7 feet (2.1 m) of stratified sand. 
S-1551 Pumphouse excavation on Romeo Street North, Stratford, south of Avon River. Under 4 feet (1.2 m) of sand was brown silt till (Sam

ple A) over grey (Sample B) silt till (Tavistock).
S - 1553 Ditch on Lome Street at Home Street, Stratford: 3 feet (0.9 m) stony clay and sand (samples A and B) over 3 feet (0.9 m) of sandy silt 

till (Stratford, Sample C).
S-1555 Sendee trench near Mowat Street and Brydges Street, Stratford, in mottled silt and clay.
S-1556 Service trench on Forman Street North near high school, Stratford, to 10 feet (3 m) in silt till (Thvistock, samples A and B), under 

about 3 feet of sandy silt till (Stratford, Sample C).
S-1569 Warehouse excavation, southwest edge of St. Jacobs: 6 feet (1.8 m) of sand over 7 feet (2.1 m) of clayey silt till (Maryhill).
S - 1576 Roadcut 1.5 miles (2.4 km) southwest of St. Jacobs: 10 feet (3 m) of silt till (Thvistock) over sand.
S-1577 Roadcut 3 miles (4.8 km) northwest of St. Jacobs, south of Conestogo River: brown clay till (Maryhill).
S-1582 Roadcut 1.5 miles (2.4 km) north of Heidelberg: stony silt till (Tavistock).
S-1586 West bank Conestogo River 2 miles (3.2 km) west of St. Jacobs. Complex section.

0 -1 0  feet (0 -3  m) brown clay till (Maryhill, samples F, H and J)
10-16 feet (3-4.8 m) laminated silt and clay; samples C, D and G
16-35 feet (4.8-10.5 m) sandy silt till (Catfish Creek, samples A ,E ,B  and K)
35-40  feet (10.5-12 m) covered to river

S - 1597 Gravel pit west bank Conestogo River 2 miles (3.2 km) west of St. Jacobs. Gravel sample.
S-1618 Roadcut 1.25 miles (2 km) east of Hawkesville exposes 2 feet (0.6 m) of clayey silt till (Maryhill?) over 6 feet (1.8 m) of sandy silt till 

(Catfish Creek, sample).
S - 1620 Gravel pit 1.25 miles (2 km) east of Hawkesville. Gravel sample.
S-1647 West bank of creek 2.25 miles (3.6 km) east of Hawkesville.

0 -2 2  feet (0-6.6 m) sandy till (Catfish Creek, Sample B)
22-30  feet (6.6-9 m) red clay till (pre-Catfish Creek, Sample A)

S - 1648 North bank of creek 2.25 miles (3.6 km) east of Hawkesville.
0 -8  feel (0-2.4 m) silty sand till (Catfish Creek, Sample B)
8 -  15 feet (2.4-4.5 m) stony red-brown, silt till (pre-Catfish Creek, Sample A)

S-1649 North bank Conestogo River 2 miles (3.2 km) northwest of St. Jacobs.
0 -2  feet (0-0.6 m) stratified sand and silt
2 -6  feet (0.6-1.8 m) brown clay till (Maryhill?)
6 -9  feet (1.8-2.7 m) buff sandy till (Catfish Creek)
9 -  18 feet (2.7-5.4 m) red-brown over purple variable sandy silt till (pre-Catfish

Creek, samples A and B)
S-1650 Roadcut 2 miles (3.2 km) northwest of St. Jacobs in sandy silt till (Thvistock?)
S - 1682 Roadcut 1.75 miles (2.8 km) west of Elmira in Elmira moraine crest: 10 feet (3 m) clayey silt till (Tavistock) over 5 feet (1.5 m) of sand. 
S-1742 Medical building excavation, corner of Arthur Street and Park Avenue, Elmira: brown clayey silt till (Maryhill?, Sample B) over sandy 

silt till (Catfish Creek, Samples A1 and A2).
S-1747 Roadcut, west edge of Floradale, in silt till (Tavistock).
S-1748 Roadcut 0.5 mile (0.8 km) west of Floradale: 6 feet (1.8 m) of sand over 1 foot (0.3 m) of clay till (Maryhill).
S-1750 West bank Canagagigue Creek 0.7 mile (1 km) north of Elmira.

0 -1 6  feet (0-4.8 m) laminated clay and silt
16-24 feet (4.8-7.2 m) stony clay till with sand layers
24-30 feet (7 .2-9 m) grey clay till (Maryhill)
30-33 feet (9-9.9 m) sandy till (Catfish Creek)
33-37 feet (9.9-11.1 m) covered to creek

S-1751 West bank Canagagigue Creek 1 mile (1.6 km) north of Elmira.
0 -4  feet (0-1.2 m) clay till (Maryhill)
4 -6  feet (1.2 -1 .8  m) sandy till (Catfish Creek)
6 -24  feet (1.8-7.2 m) covered to creek

S-1769 Roadcut 0.5 mile (0.8 km) north of Floradale.
0 -3  feet (0-0.9 m) sand and gravel
3 -5  feet (0.9 -1.5 m) silt till (Tavistock, sample)
5 -1 0  feet (1.5-3 m) covered

10- 14 feet (3-4.2 m) clay till (Maryhill)
14-16 feet (4.2-4.8 m) sandy till (Catfish Creek)
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S-1778 West bank Canagagigue Creek, southeast edge of Floradale.
0 -6  feet (0-1 .8  m) varved clay and silt
6 -15  feet (1.8-4.5 m) variable sandy to clayey silt till (Tkvistock, Sample A)

15-17 feet (4.5-5.1 m) stratified sand and silt
17-29 feet (5.1 -8 .7  m) grey sandy till (Catfish Creek, Sample B)

S-1782 West bank Canagagigue Creek 1.5 miles (2.4 km) north of Elmira.
0 -3  feet (0-0.9 m) sand
3-11  feet (0.9-3.3 m) stratified clay and silt

11-25 feet (3.3-7.5 m) clay till (Maryhill)
25 -4 0  feet (7.5-12 m) sandy till (Catfish Creek)

S-1791 Gravel pit in outwash 1.25 miles (2 km) northeast of Floradale. Gravel sample.
S-1811 Roadcut 2.25 miles (3.6 km) north of Floradale.

0 -3  feet (0-0 .9  m) sandy silt till (Tavistock?)
3 -5  feet (0.9-1.5 m) clay till (Maryhill?)
5 -6  feet (1.5—1.8 m) silty sand till (Catfish Creek)

S-1813 Gravel pit in outwash 2.5 miles (4 km) northeast of Floradale. Gravel sample.
S-182 Gravel pit 3.5 miles (5.6 km) north of Floradale: 6 feet (1.8 m) of sandy silt till over 20 feet (6 m) of esker sand and gravel. Gravel 

sample.
S-1832 North bank of creek 2.25 miles (3.6 km) northwest of Floradale.

0 -7  feet (0-2.1 m) gritty clayey silt till (Tavistock, Sample B)
7 -  17 feet (2.5-5.1 m) sandy silt till (Catfish Creek, samples A l, A2 and A3)

S-1833 Roadcut 2.25 miles (3.6 km) northwest of Floradale.
0 -2  feet (0-0.6 m) weathered clay till
2 -  3 feet (0.6-0.9 m) gritty silt till (Tavistock, Sample B)
3 -  5 feet (0.9-1.5 m) stratified silt and clay
5 -7  feet (1.5-2.1 m) gritty clayey silt till (Tavistock?, Sample A)

S-1838 West bank Canagagigue Creek, 1 mile (1.6 km) north of Floradale.
0 -1 0  feet (0 -3  m) silty clay till (Maryhill?)

10-13 feet (3-3.9 m) sandy till (Catfish Creek)
S-1840 East bank Canagagigue Creek, 1.5 miles (2.4 km) north of Floradale.

0 -2  feet (0-0.6 m) clay till (Maryhill?)
2 -4  feet (0.6-1.2 m) contorted silt and sand
4 -  13 feet (1.2-3.9 m) sandy till (Catfish Creek)

S-1841 East bank Canagagigue Creek, 1.5 miles (2.4 km) north of Floradale.
0 -2  feet (0-0 .6  m) silty sand till (Tavistock?)
2 -  3 feet (0.6-0.9 m) clay till (Maryhill?)
3 -  14 feet (0.9-4.2 m) sandy till (Catfish Creek)

S-1851 Gravel pit in esker, 3 miles (4.8 km) northeast of Floradale. Gravel sample.
S-1865 West bank creek 1 mile (1.6 km) northwest of Floradale.

0 -8  feet (0-2.4 m) clayey silt till (Maryhill?)
8 -  11 feet (2.4-3.3 m) silty sand till (Catfish Creek)

S-1881 Roadcut 3.5 miles (5.6 km) south of Millbank.
0 -1 7  feet (0-5.1 m) silty clay till (Mornington, Sample A)

17-20 feet (5 .1-6 m) stratified sand and silt
20 -  26 feel (6-7.8 m) gritty clayey silt till (Thvistock?)
26-32 feet (7.8-9.6 m) silty clay till (Stirton?, Sample B)
32-65 feet (9.6-19.5 m) covered to creek

S-1882 South bank Nith River, 2 miles (3.2 km) northwest of Nithburg.
0 -3 0  feet (0 -9  m) brown over grey clayey silt till (Tavistock, Sample B)

30-42 feet (9-12.6 m) interbedded till and sand
42-45 feet (12.6-13.5 m) grey clayey silt till
45-51 feet (13.5-15.3 m) covered to river; clay till exposed to east (Stirton, Sample A)

S-1884 Roadcut south side Nith River 2 miles (3.2 km) south of Millbank.
0 -6  feet (0-1.8 m) clay till (Mornington)
6 -17  feet (1.8-5.1 m) gritty silt till (Tavistock?)

17-23 feet (5.1 -6 .9  m) silty sand
S-1888 East bank creek 2.75 miles (4.4 km) south of Millbank.

0 -7  feet (0-2.1 m) buff clayey silt till
7 -11  feet (2.1-3.3 m) silty sand

S-1890 West bank creek 3 miles (4.8 km) south of Millbank.
0 -36  feet (0-10.8 m) clayey silt till

36-38 feet (10.8-11.4 m) covered to creek
S-1910 North bank of creek 3.5 miles (5.6 km) southeast of Millbank

0-15  feet (0-4.5 m) clayey silt till (Thvistock)



Stratford—Conestogo Area

S-1916 North bank creek 3.5 miles (5.6 km) south of Millbank.
0 -3  feet (0-0 .9  m) soil over gravel
3 -9  feet (0.9-2.7 m) sandy silt till (Tavistock)
9 -1 3  feet (2.7-3.9 m) stony silt and sand

13-16 feet (3.9-4.8 m) grey clay till (Stirton)
1 6 - 22 feet (4.8-6.6 m) covered to creek

S-1919 Roadcut 3.5 miles (5.6 km) southwest of Millbank.
0 -6  feet (0-1.8 m) clay till (Mornington, Sample U)
6 -8  feet (1.8-2.4 m) stratified silt and clay
8 -2 0  feet (2 .4-6 m) gritty clayey silt till (Tàvistock, Sample M)

2 0 - 24 feet (6-7.2 m) disturbed silt and clay
2 4 - 31 feet (7.2-9.3 m) silty clay till (Stirton, Sample L)
31 -3 9  feet (9.3-11.7 m) stratified silt and clay
39-45 feet (11.7-13.5 m) clay till (Stirton, Sample B)
45-49  feet (13.5-14.7 m) covered toNith River

S-1936 Gravel pit 2 miles (3.2 km) northwest of Wellesley. Gravel sample.
S-1999 Roadcut 1 mile (1.6 km) southeast of Macton in clay till (Mornington).
S-2006 Roadcut and creek bank 0.5 mile (0.8 km) southeast of Linwood exposed 13 feet (3.9 m) of clayey silt till (Tàvistock?) under 7 feet 

(2.1 m) of clay till (Mornington?).
S-2007 Roadcut north of Conestogo River 1.5 miles (2.4 km) southeast of Glen Allan.

0 -3  feet (0-0.9 m) clayey silt till
3 -1 7  feet (0.9-5.1 m) stony sand till (Catfish Creek, sample)

17- 20 feet (5.1 - 6  m) covered to road
S-2012 Roadcut 0.5 mile (0.8 km) southwest of Macton in clay till (Mornington).
S-2013 Roadcut 1 mile (1.6 km) southwest of Macton in gritty clay till (Mornington).
S-2014 Roadcut 1.5 miles (2.4 km) northeast of Linwood in clay till (Mornington).
S-2060 Post office excavation southeast corner of Park Avenue and Arthur Street, Elmira.

0 -3  feet (0-0.9 m) pebbly sand
3 -6  feet (0.9-1.8 m) sandy till with sand lenses (Catfish Creek)

S-2069 Roadcut 0.5 mile (0.8 km) northeast of Crosshill.
0 -6  feet (0-1.8 m) fine sand
6 -1 2  feet (1.8-3.6 m) sandy silt till (Tàvistock?)

S-2079 Roadcut near CPR, west edge of Wallenstein, north side Highway 86.
0 -1 0  feet (0 -3  m) sandy clayey silt till (Tavistock, Sample B)

10-17 feet (3-5.1 m) stratified clay and silt, stony downward
17- 21 feet (5.1 -6 .3  m) covered
21 -2 5  feet (6.3-7.5 m) stratified stony clay
2 5 - 29 feet (7.5-8.7 m) silty clay till (Sample A)

S-2080 Roadcut north side Highway 86,1 mile (1.6 km) northwest of Wallenstein.
0 -1 6  feet (0-4.8 m) sandy clay till (Tàvistock, sample)

16-17 feet (4.8-5.1 m) sandy till (Catfish Creek)
S-2083 West bank Boomer Creek, 1 mile (1.6 km) southwest of Hawkesville.

0 -3  feet (0-0.9 m) silt with till bands
3 -2 3  feet (0.9-6.9 m) gritty clayey silt till (Tavistock), sample at 21 feet

23-30  feet (6 .9-9  m) covered to creek
S-2090 Roadcut north of Conestogo River, 1 mile (1.6 km) southwest of Wallenstein.

0 -8  feet (0-2.4 m) clay till (Mornington, sample)
8 -1 0  feet (2 .4-3 m) yellow sandy till (Catfish Creek)

S-2094 Roadcut south of Conestogo River, 1.5 miles (2.4 km) south of Wallenstein.
0 -3  feet (0-0.9 m) clay till
3 -15  feet (O.9-4.5 m) stony, sandy till (Catfish Creek, sample)

S-2102 South bank, Boomer Creek, 1.75 miles (2.8 km) southeast of Linwood.
0 -1 0  feet (0 -3  m) clayey silt till (Tavistock?, Sample B)

10-12 feet (3-3.6 m) silty sand
12-43 feet (3.6-12.9 m) sandy to clayey silt till (Stirton?, samples A and C)

S-2109 East bank Boomer Creek southeast of Hawkesville.
0 -6  feet (0-1 .8  m) buff silt till (Tàvistock?, Sample C)
6 -2 0  feet (1 .8-6 m) hard silty sand till (Catfish Creek?, samples A and B)

S-2133 Roadcut 2 miles (3.2 km) southwest of St. Clements shows 5 feet (1.5 m) of sampled clay till (Mornington) over 15 feet (4.5 m) of 
contorted sand.

S-2140 Roadcut west of Nith River, 2.25 miles (2 km) northwest of Nithburg. Complex section.
0 -6  feet (0-1.8 m) brown clay till (Mornington, sample and Sample U)
6 -1 8  feet (1.8-5.4 m) sandy clayey silt till (Tàvistock, Sample L)

18- 21 feet (5.4-6.3 m) stratified sand
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S—2141 Roadcut 1.5 miles (2.4 km) northwest of Nithburg in 7 feet (2.1 m) of gritty clay till (Momington).
S-2142 Roadcut 2 miles (3.2 km) northwest of Nithburg in stony silt till (Stratford).
S-2143 Roadcut 3 miles (4.8 km) northwest of Nithburg: 4 feet (1.2 m) of stony clay (Sample B) over 2 feet (0.6 m) of gritty stony silt till (Stra- 

ford, Sample A).
S-2176 East bank Nith River 3.5 miles (5.6 km) south of Millbank: 10 feet (3 m) of stony, silty sand till (Catfish Creek).
S-2248 Roadcut 1.25 miles (2 km) northwest of Nithburg.

0 -5  feet (0-1.5 m) sandy silt till (Stratford, Sample U)
5 -  9 feet (1.5-2.7 m) blocky silt till (Stratford?, sample and Sample M)
9 feet (2.7 m) thick unit of silt over clay till (Momington, Sample L)

continuous with top of S-2140
S-2252 Roadcut south edge of Hampstead in sandy silt (Stratford) till.
S-2257 Roadcut 0.7 mile (1 km) west of Amulree in sandy silt till (Stratford).
S-2265 Roadcuts west edge of Amulree in sandy silt till (Stratford?, Sample A) and gravelly sandy silt till (Stratford, Sample B).
S-2273 Roadcut 0.5 mile (0.8 km) west of Amulree in clayey silt till (Momington?, samples A and B).
S-2289 Gravel pit 0.5 mile (0.8 km) northeast of Amulree. Gravel covered by silt till. Gravel sample.
S-2310 Gravel pit 2 miles (3.2 km) east of Amulree. Gravel sample.
S-2383 Excavation 2 miles (3.2 km) northwest of Shakespeare in sandy silt till (Stratford, sample).
S-2384 Gravel pit south of road 1.75 miles northwest of Shakespeare.

0 -6  feet (0-1.8 m) buff, soft, sandy silt till. Sand lenses 1 -2  inches thick
6-6 .5  feet (1.8-1.9 m) coarse sandy gravel
6.5-10 feet (1 .9-3 m) buff, hard, blocky, stony, gritty, silty sand till (Stratford, sample

at 7.5 feet [2.3 m])
10 - 11 feet (3-3.3 m) yellow silt with occasional boulder
11- 17 feet (3.3-5.1 m) coarse gravel; chert abundant
17-26 feet (5.1-7.8 m) slump to base of pit

S-2386 Roadcut south edge of Brocksden in stony sandy silt till (Stratford, sample).
S-2404 Gravel pit 0.25 mile (0.4 km) west of Brocksden: 12 feet (3.6 m) of clayey silt till (Tàvistock?) over sand and gravel. Gravel sample. 
S-2447 Gravel pit 2.25 miles (3.6 km) south of Amulree. Gravel sample.
S—2464 South bank Wilmot Creek 4.25 miles (6.8 km) southeast of Amulree: 4 feet (1.2 m) of clay till (Maryhill?).
S-2466 Roadcut 4.5 miles (7.2 km) southeast of Amulree: gritty clayey silt till (Tavistock?).
S-2467 Roadcut 4.75 miles (7.6 km) southeast of Amulree: sandy silt till (Tavistock).
S-2469 Roadcut 2 miles (3.2 km) northwest of New Hamburg: 10 feet (3 m) of gritty clayey silt till.
S-2530 Railway cut south of Avon River and west of Romeo Street North, Stratford.

0 -4  feet (0-1.2 m) sandy till (Stratford)
4 -  6 feet (1.2-1.8 m) sand and gravel
6 -  13 feet (1.8-3.9 m) brown over grey gritty silt till (Thvistock, sample)

S-2533 Ditch 1.25 miles (2 km) southeast of Brocksden: stony sandy silt till (Stratford).
S-2592 Ditch 2 miles (3.2 km) northeast of Linwood: 4 feet (1.2 m) of silty clay till (Momington, Sample A) over 2 feet (0.6 m) of sand and 

gravel, over sandy clay till (Momington?, Sample B).
S-2595 School excavation, east edge of Floradale: 3 feet (0.9 m) of silt till (Tavistock) over silt.
S-2596 North bank creek, north of Highway 86, 0.5 mile (0.8 km) northwest of Wallenstein.

0 -7  feet (0-2.1 m) gritty clayey silt till (Tavistock)
7 -  10 feet (2.1-3 m) stony sandy till (Catfish Creek)

S-2612 West bank of Conestogo River north of CPR bridge, west of Wallenstein.
0 - 4  feet (0 -1 .2  m) brown silty clay till
4 -2 2  feet (1.2-6.6 m) silty sand till (Catfish Creek, Sample B)

22-25 feet (6.6-7.5 m) sand and silt
25-40  feet (7.5-12 m) covered to river; north end of bank exposes clayey silt till

(pre-Catfish?, Sample A)
S-2624 House excavation 2 miles (3.2 km) southwest of Elmira: sandy silt till (Tavistock, sample).
S-2625 Roadcut 2.5 miles (4 km) southwest of Elmira: 10 feet (3 m) of silt till (Tavistock, sample).
S—2645 Silo excavation 1 mile (1.6 km) south of Wallenstein in gritty clayey silt till (Tavistock).
S-2646 East bank Conestogo River 1 mile (1.6 km) north of Hawkesville.

0 -3  feet (0-0.9 m) clayey silt till
3 -5  feet (0.9-1.5 m) gritty clayey silt till
5 -  23 feet (1.5-6.9 m) sandy silt till (Catfish Creek)

S-2647 Roadcut 2 miles (3.2 km) northeast of Floradale in silt till (Tavistock).
S-2648 Roadcut 1 mile (1.6 km) east of Hawkesville: clayey silt till (Tavistock, Sample A) over clay till (Maryhill, Sample B).
S-2665 West bank Conestogo River, north edge of Hawkesville.

0 -4  feet (0-1.2 m) stratified silt with silt till layers
4 -1 6  feet (1.2-4.8 m) buff over grey gritty clayey silt till (Tavistock, Sample C)

16—24 feet (4.8-7.2 m) grey clay till (Maryhill, Sample B)
24-35 feet (7.2-10.5 m) olive sandy silt till (Catfish Creek, Sample A)
35-45 feet (10.5-13.5 m) covered to river
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S-2677 Roadcut south of Conestogo River 3.5 miles (5.6 km) northwest of St. Jacobs.
0 -3  feet (0-0 .9  m) clayey silt till
3 -5  feet (0.9-1.5 m) sandy silt till
5 -6  feet (1.5-1.8 m) yellow silty sand (Catfish Creek, sample)

S-2680 Gravel pit in Hawkesville kame, 1 mile (1.6 km) southeast of Hawkesville. Sample of clay till ball in gravel (Tàvistock?). Gravel sample. 
S-2689 Ditch by Donald Creek, southeast edge of Hawkesville, clayey silt till (Tàvistock?) over sandy silt till (Catfish Creek).
S-2711 Ditch east edge of St. Clements: up to 13 feet (3.9 m) of stratified silt over grey clay till (Mornington?, sample).
S-2722 Roadcut 2 miles (3.2 km) east of Crosshill: 4 feet (1.2 km) sandy silt till (Tàvistock, sample) over 10 feet (3 m) of sand.
S-2771 West bank Boomer Creek 1.5 miles (2.4 km) southeast of Linwood.

0 -4 0  feet (0 -12  m) clayey silt till (Tàvistock?)
40-42  feet (12-12.6 m) covered to creek

S-2773 North bank Boomer Creek 2.5 miles (4 km) southeast of Linwood.
0 -2 7  feet (0-7.1 m) gritty clay till (Stirton?)

27-45 feet (7.1-13.5 m) covered to creek
S-2778 West bank Boomer Creek 1.5 miles (2.4 km) southeast of Linwood.

0 -1 6  feet (0-4.8 m) brown over grey clayey silt till
1 6 - 22 feet (4.8-6.6 m) covered to creek

S-2816 East bank Boomer Creek 1.5 miles (2.4 km) southwest of Hawkesville.
0 -2  feet (0-0.6 m) sand and gravel
2 -  7 feet (0.6-2.1 m) buff clayey silt till
7 -  8 feet (2.1-2 .4  m) silt
8 -  9 feet (2.4-2.7 m) grey clayey silt till (Tàvistock, sample)

S-2870 Tile yard east of Wallenstein.
0 -11  feet (0-3.3 m) laminated to varved clay and silt

11-12 feet (3 3 -3 .6  m) clayey silt till (Tàvistock)
S-2893 South creek bank, Glen Allen interstadial site 3.25 miles (5.2 km) southeast of Glen Allan, near eastern bridge. Old gravel pit now 

obscured.
0 -5  feet (0-1.5 m) stony clayey silt till (Tàvistock?, Sample B)
5 -7  feet (1.5-2.1 m) stratified silt and sand
7 -2 2  feet (2.1 -6 .6  m) sand and gravel; sandy till (Catfish Creek?, Sample A)

found along bank at level of gravel
S-2894 South creek bank, Glen Allan interstadial site, 3 miles (4.8 km) southeast of Glen Allan, near middle bridge.

0 -3  feet (0-0.9 m) silty clay till
3 -9  feet (0.9-2.7 m) buff sandy till (Catfish Creek, Sample A)
9-11 feet (2.7-3.3 m) stratified silt and sand

11-13 feet (3.3-3.9 m) buff sandy silt till (Catfish Creek?, Sample C)
13-27 feet (3.9-8.1 m) covered to creek; at road brown clayey silt till occurs below

Catfish Creek Till (pre-Catfish Creek, Sample D)
S-2901 West bank Boomer Creek 0.75 mile (1.2 km) southwest of Hawkesville.

0 -  6 feet (0 -1 .8  m) clayey silt till (Tàvistock?, Sample C)
6 -9  feet (1.8-2.7 m) clay till (Stirton?, Sample B)
9-11  feet (2.7-3.3 m) clayey silt till

11-15 feet (3.3-4.5 m) sandy to clayey silt till (Stirton?, samples A1 and A2)
15-17 feet (4.5-5.1 m) sand with till layers
17- 39 feet (5.1-11.7 m) covered tocreek

S-2902 West bank Boomer Creek just northeast of S-2901.
0 -6  feet (0-1.8 m) clayey silt till
6-11 feet (91.8-3.3 m) clay till (Stirton?, Sample B)

11-15 feet (3.3-4.5 m) silty sand till (Catfish Creek, Sample A)
15-17 feet (4.5-5.1 m) covered tocreek

S-2904 Ditch 2 miles (3.2 km) east of Linwood in clayey silt till (Tàvistock?).
S-2909 East bank Boomer Creek southeast of Hawkesville.

0 -3  feet (0-0.9 m) sandy silt till (Tàvistock?)
3 -  5 feet (0.9-1.5 m) yellow silty sand till (Catfish Creek)

S-2919 Roadcut 3.5 miles (5.6 km) east of Amulree in 5 feet (1.5 m) of clay till (Mornington).
S-2984 South bank creek 2 miles (3.2 km) south of Amulree.

0 -4  feet (0-1.2 m) sandy silt till (Tàvistock?, Sample A)
4 -  5 feet (1.2-1.5 m) clayey silt till (Stirton?, Sample B)

S-2989 Roadcut 2 miles (3.2 km) southeast of Amulree in 6 feet (1.8 m) of sandy clay till (Stirton?, sample).
S-3037 Clay pit southeast edge of Stratford.

0 -4  feet (0 .1-2  m) massive stony clay
4 -  5 feet (1.2-1.5 m) sandy silt till (Stratford, Sample A)
5 -  8 feet (1.5-2.1 m) gritty silt till (Tàvistock, Sample C)

S-3049 Roadcut 2 miles (3.2 km) west of Tàvistock.
0 -3  feet (0-0.9 m) gritty silt till (Tavistock)
3 -8  feet (0.9-2.4 m) stratified sand
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S-3062
S-3066 Ditch 2.5 miles (4 km) northeast of Harmony: 4 feet (1.2 m) of stony clay and silt over 2 feet (0.6 m) of sandy silt till (Stratford). 
S-3119 North bank creek 2 miles (3.2 km) northeast of Harmony.

0 -3  feet (0-0 .9  m) sandy silt till (Stratford)
3 -  6 feet (0.9 -1 .8  m) gritty silt till (Tàvis lock, sample)

S-3161 See S—1075. Another sample of Catfish Creek Till.
S-3173 Ditch 1.5 miles (2.4 km) northwest of Kingwood.

0 -3  feet (0-0 .9  m) clay till (Stirton, Sample U)
3 -  5 feet (0.9 -1 .5  m) yellow stony silt till (Catfish Creek, Sample L)

S-3175 West bank Nith River 2 miles (3.2 km) southwest of Millbank.
0 -8  feet (0-2.4 m) clay till (Mornington, Sample U)
8 -1 4  feet (2.4-4.2 m) stratified silt and clay

14-23 feet (4.2-Ô.9 m) grey clayey silt till (Tàvistock, Sample M)
2 3 - 24 feet (6.9-7.2 m) grey silt
2 4 - 37 feet (7.2-11.1 m) gritty clay till (Stirton, Sample L)
37-55 feet (11.1-16.5 m) covered to river

S-3176 Roadcut west of Nith River 1.5 miles (2.4 km) southwest of Millbank.
0 -3  feet (0-0 .9  m) clay till (Mornington, Sample U)
3 -6  feet (0.9-1.8 m) sandy silt till (Tàvistock, Sample M)
6 -1 2  feet (1.8-3.6 m) silt

12 - 24 feet (3.6-7.2 m) clay till (Stirton, Sample L)
S-3179 Roadcut south of Smith Creek 3 miles (4.8 km) southwest of Millbank.

0 -5  feet (0-1.5 m) gritty clay till (Mornington)
5 -7  feet (1.5-2.1 m) stony silt
7 -  15 feet (2.1 -4 .5  m) gritty silt till (Tavistock, Sample U).

S-3180 House excavation east edge of Poole in silty clay till (Mornington).
S-3181 North bank Smith Creek 3 miles (4.8 km) southwest of Millbank.

0 -3  feet (0-0 .9  m) sand and gravel
3 -11  feet (0.9-3.3 m) clayey silt till

11 - 16 feet (3.3-4.8 m) stratified sand, gravel, and silt
16-17 feet (4.8-5.1 m) stony sandy silt till

S-3184 East bank Nith River southeast of Millbank.
0 -4  feet (0-1.2 m) clay till
4 -  5 feet (1.2-1.5 m) silt
5 -  15 feet (1.5-4.5 m) sand and gravel

S-3185 West bank Nith River southeast of Millbank.
0 -6  feet (0-1 .8  m) silty clay till (Mornington, Sample U)
6 -1 3  feet (1.8-3.9 m) stratified silt and clay

13- 16 feet (3.9-4.8 m) gritty clayey silt till (Tàvistock, Sample M)
16- 19 feet (4.8-5.7 m) sand and gravel
19-25 feet (5.7-7.5 m) clayey silt till (Stirton, Sample L)

S-3186 East bank Nith River southeast edge of Millbank.
0 -1 4  feet (0-4 .2  m) clay till

S-3187 West bank Nith River 0.75 mile (1.2 km) northwest of Millbank.
0 -1 0  feet (0 -  3 m) silty clay till (Mornington, Sample U)

10-13 feet (3-3 .9  m) silt till (Tàvistock, Sample M)
13-24 feet (3.9-7.8 m) clay till (Stirton, Sample L)
24-27 feet (7.5-8.1 m) covered to river

S-3189 West bank Nith River 3 miles (4.8 km) northeast of Millbank.
0 -1 2  feet (0-3 .6  m) stony clay till (Mornington, Sample U)

12- 17 feet (3.6-5.1 m) sandy silt till with sand and siltbands (Tàvistock, Sample M)
17- 18 feet (5.1-5.4 m) clay till (Stirton, Sample L)
18- 21 feet (5.4-6.3 m) covered to river

S-3193 Roadcut 2 miles (3.2 km) southeast of Milverton.
0 -3  feet (0-0 .9  m) light buff sandy silt till (Elma, Sample U)
3 -  5 feet (0.9-1.5 m) clayey silt till (Mornington?, Sample L)

S-3196 Ditch 1.7 miles (2.6 km) southwest of Poole.
0 -2  feet (0-0 .6  m) stony clay
2 -4  feet (0.6-1.2 m) sandy silt till (Stratford, Sample U)
4 -  5 feet (1.2-1.5 m) clayey silt till (Mornington, Sample L)

S-3200 Ditch west edge of Poole.
0 -4  feet (0-1.2 m) silty clay till (Mornington, Sample U)
4 -6  feet (1.2—1.8 m) silt and clay
6 -  8 feet (1.8-2.4 m) sandy silt till (Tàvistock?, Sample M)
8 -  11 feet (2.4-3.3 m) clayey silt till (Stirton?, Sample L)

Roadcut 3 miles (4.8 km) east of Stratford in 5 feet (1.5 m) of sandy clayey silt till (Tàvistock).
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S-3201 South bank Smith Creek 2.5 miles (4 km) southeast of Milverton.
0 -9  feet (0-2.7 m) clayey silt till (Mornington?, Sample U)
9 -1 6  feet (2.7-4.5 m) clay till (Stirton, Sample L)

16-18 feet (4.8-5.4 m) silt and sand
18-22 feet (5.4-6.6 m) sand and gravel

S-3202 West bank Smith Creek 1.5 miles (2.4 km) southwest of Carthage.
0 -5  feet (0-1.5 m) stony silt
5 -7  feet (1.5-2.1 m) clayey silt till (Mornington)
7 -9  feet covered to creek

S-3206 West bank Smith Creek 1.7 miles (2.6 km) northwest of Newton.
0 -7  feet (0-2.1 m) stratified silt with stony layers
7 -1 4  feet (2.1 -4 .2  m) stony clayey silt till (Elma)

S-3209 East bank Smith Creek 1 mile (1.6 km) west of Newton.
0 -3  feet (0-0.9 m) stony clay
3 -  9 feet (0.9-2.7 m) gritty silt till (Elma?)
9 -1 2  feet (2.7-3.Ô m) stony silty sand

12- 15 feet (3.6-4.5 m) silty clay tilt (Mornington, Sample L)
S-3210 West bank Smith Creek 1 mile (1.6 km) southeast of Milverton.

0 -5  feet (0-1.5 m) sand and gravel
5 -7  feet (1.5-2.1 m) clayey silt till (Mornington, Sample U)
7 -1 0  feet (2.1 - 3  m) clay till (Stirton, Sample L)

10—11 feet (3-3.3 m) covered to creek
S-3213 West bank Nith River 2 miles (3.2 km) north of Millbank. Complex section.

0 -7  feet (0-2.1 m) clay till (Mornington, Sample U)
7 -  8 feet (2.1 -2 .4  m) stratified silt, clay, and sand; thickens to south
8 -  20 feet (2.4-6 m) silty clay till (Stirton, Sample L)

20-21 feet (6-6.3 m) stony sandy till (Catfish Creek, Sample B)
S-3214 West bank Nith River 1.7 miles (2.6 km) north of Millbank.

0 -5  feet (0-1.5 m) brown clay till (Mornington, Sample U)
5-15  feet (1.5-4.5 m) clayey silt till (Thvistock, Sample M)

15-20 feet (4.5-6 m) silty clay till (Stirton, Sample L)
20 -  25 feet (6-7.5 m) covered to river

S-3215 West bank Nith River 2.5 miles (4 km) north of Millbank.
0 -1 0  feet (0 -3  m) stony clay till (Mornington)

10- 13 feet (3-3.9 m) gritty silt till (Thvistock)
13- 15 feet (3.9-4.5 m) sand and silt

S-3218 Roadcut 1.25 miles (2 km) southeast of Milverton in buff silt till (Elma).
S-3219 Excavation, north corner of Elizabeth Street and Wallace Street, Listowel: 8 feet (2.4 m) of sandy silt till (Elma).
S-3228 Ditch at CPR, Milverton: 5 feet (1.5 m) of stony silt till (Elma).
S-3233 Ditch on Highway 86,1.75 miles (2.8 km) northwest of Tralee in stony clay till (Mornington).
S-3410 East bank creek 2.25 miles (3.6 km) southeast of Carthage: grey clay till (Mornington).
S-3485 Ditch 1 mile (1.6 km) southwest of Dorking: clay till (Mornington).
S-3506 Excavation north edge of Wallenstein: 8 feet (2.4 m) of gritty clayey silt till (Tavistock, Sample U) over 2 feet (0.6 m) of clayey silt till 

(Thvistock?, Sample L).
S-3508 West bank Smith Creek 1 mile (1.6 km) southwest of Carthage.

0 -3  feet (0-0.9 m) massive clay
3 -5  feet (0.9-1.5 m) stony clay till (Mornington, Sample L)

S-3515 Roadcut 1.5 miles (2.4 km) northwest of Newton: 4 feet (1.2 m) of stony sand and silt over 2 feet (0.6 m) of clayey silt till (Mornington). 
S-3524 Roadcut 1.5 miles (2.4 km) northeast of Newton: clay till (Mornington).
S-3526 Roadcut 1.5 miles (2.4 km) east of Newton: clay till (Mornington).
S-3572 Gravel pit 1.5 miles (2.4 km) northeast of Macton. Gravel sample.
S-3573 South bank creek, Glen Allan interstadial site, 3 miles (4.8 km) (refer to Figure 14) southeast of Glen Allan, near west bridge.

0 -4  feet (0-1.2 m) clayey silt till (Mornington, Sample GA-20)
4 -  11 feet (1.2-3.3 m) gritty clayey silt till (Thvistock, samples U and G A -21)

11- 13 feet (3.3-3.9 m) olive sandy silt till (Catfish Creek, Sample G A-22)
13- 14 feet (3.9-4.2 m) contorted varved clay
14- 37 feet (4.2-11.1 m) stony gritty clayey silt till (pre-Catfish Creek, sample and

samples L, GA-23, GA-24)
S-3574 North bank creek, Glen Allan interstadial site, 3.25 miles (5.2 km) southeast of Glen Allan, near centre bridge.

0 -2  feet (0-0.6 m) sand and gravel
2 -5  feet (0.6-1.5 m) stratifiedstonyclayeysilt(SampleGA-l).Pollensamples from this unit 15 feet

to east, where it is 4 feet thick under 3 feet of alluvial sediments; taken at 10 cm 
intervals (samples G A -3  to GA -13). Inclusions of charred wood 
dated >39 000 (GSC-1711) and >41 000 (GSC-2141)
Small roadcut south of road by UWBH50-73 exposed brown 
pre-Catfish Creek Till (sample and sample G A-25)
For locations of other samples see Figure 14.
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S-3583 
S-3620 
S-3707 West bank Boomer Creek 0.5 mile (0.8 km) east of Linwood.

0 -1 2  feet (0-3 .6  m) clay till (Mornington, Sample U)
12-25 feet (3.6-7.5 m) silt till flàvistock, Sample L)

S-4016 Roadcut 1 mile (1.6 km) southeast of Plattsville.
0 -1 5  feet (0-4.5 m) clayey silt till with gravel streaks (Port Stanley?, Sample B)

15- 18 feet (4.5-5.4 m) silty sand till (Catfish Creek, Sample A)
S-4018 Roadcut 1 mile (1.6 km) south of Washington.

0 -2  feet (0-0.6 m) gravel
2 -  4 feet (0.6 -1 .2  m) gritty silt till (Port Stanley, Sample U)
4 -  14 feet (1.2-4.2 m) stratified sand

14- 18 feet (4.2-7.2 m) stony sandy till (Catfish Creek, Sample L)
S-4020 Roadcut 4 miles (6.4 km) east of Washington in 6 feet (1.8 m) of clay till (Maryhill?).
S-4023 East bank Nith River at Wolverton. Bridge abutment excavation: 10 feet (3 m) laminated silt and clay under terrace gravel. Gravel 

sample.
S-4067 Roadcut 1 mile (1.6 km) southeast of Petersburg in 5 feet (1.5 m) of silty clay till (Maryhill) over sand.
S-4085 North bank Nith River north edge of New Hamburg.

0 -3  feet (0-0.9 m) sand, silt, and gravel
3 -  5 feet (0.9-1.5 m) sandy silt till
5 -  6 feet (1.5—1.8 m) sand
6 -  16 feet (1.8-4.8 m) silty sand till (Catfish Creek, samples A and B)

16- 17 feet (4.8-5.1 m) grey silty sand till
17 - 23 feet (5.1-6.9 m) covered to river

S-4127 Roadcut east of Thames River at Cassel: gritty silt till flàvistock).
S-4139 Service trench on Mornington Street north of Glendon Street, Stratford.

0 -4  feet (0-1.2 m) sandy silt till (Stratford, Sample A)
4 -  5 feet (1.2-1.5 m) sand and gravel
5 -  13 feet (1.5-3.9 m) clayey silt till (Tavistock, Sample B) grading downward into stratified silt

S-4159 Roadcut 1 mile south of Tavistock in clayey silt till (Tàvistock).
S-4216 West bank Thames River south edge of area.

0 -11  feet (0-3.3 m) gritty silt till (Tàvistock, Sample A)
11- 12 feet (33 -3 .6  m) sand and gravel
12- 18 feet (3.6-5.4 m) stony sandy silt till (Catfish Creek, Sample B)

S-4223 Roadcut 0.25 mile (0.4 km) south of Brunner.
0 -2  feet (0-0.6 m) clayey silt till (Elma, Sample U)
Augered to 16 feet (4.8 m) in alternating silt till and silt. Another cut to south exposed clay till (Wartburg, Sample L) lower 
down.

S—4237 Ditch 2 miles (3.2 km) west of Brunner: 5 feet (1.5 m) of silt.
S-4250 Roadcut 3 miles (5.6 km) southwest of Milverton in 4 feet (1.2 m) of stony silt till (Elma).
S-4263 Sand pit 3.5 miles (5.6 km) northwest of Milverton.

0 -5  feet (0-1.5 m) stony silt till (Elma, Sample A)
5 -8  feet (1.5-2.4 km) pebbly sand
8 -1 0  feet (2 .4-3 m) clay till (Wartburg?, Sample B)

10-13 feet (3-3 .9  m) pebbly sand
S-4314 South bank creek 0.75 mile (1.2 km) northwest of Donegal shows 10 feet (3 m) of gritty clayey silt till (Elma).
S-4341 Roadcut 1.25 miles (2 km) northwest of Hammond shows stony clayey silt till (Elma).
S-4353 Roadcut 2.5 miles (4 km) southwest of Listowel in stony sandy till (Elma).
S-4389 Factory excavation 1 mile (1.6 km) northeast of Listowel, west of Highway 23.

0 -5  feet (0-1.5 m) sandy silt till (Elma)
5 -9  feet (1.5-2.7 m) stratified sand

S-4390 Pipeline trench 2.25 miles (3.6 km) southwest of Bright: 6 feet (1.8 m) of sand over gritty clayey silt till (pre-Catfish Creek?). 
S-4391 Pipeline trench 1.5 miles (2.4 km) southwest of Bright: lenses of silty sand till (Catfish Creek?) over sand.
S—4395 Pipeline trench 2 miles (3.2 km) east of Bright: olive sandy till (Port Stanley?, Sample U) becoming silty till downward, over clay till 

(Maryhill?, Sample L).
S-4409 Roadcut 0.3 mile (0.5 km) southeast of Goldstone in clayey silt till (Tavistock).
S-4434 Roadcut 1.7 miles (2.6 km) southwest of Goldstone in silty clay till.
S-4437 North bank creek 2 miles (3.2 km) north of Goldstone, Palmerston map area: 6 feet (1.8 m) sandy silt till (Catfish Creek).
S-4479 Ditch 2.25 miles (3.6 km) southeast of Stirton in clay till (Mornington).
S-4511 Roadcut 1.25 miles (2 km) southwest of Stirton, east of Conestogo Lake.

0 -1 0  feet (0 -3  m) clayey silt till flàvistock, Sample U)
10- 11 feet (3-3 .3  m) silt
11- 15 feet (33 -4 .5  m) silt till (Stirton, Sample M)
15- 16 feet (4.5-4.8 m) silt
16- 20 feet (4 .8-6  m) silt till (Stirton, Sample L)
20-26 feet (6-7 .8  m) stratified sand

Roadcut 1.5 miles (2.4 km) northwest of Yatton in 20 feet (6 m) of stony sandy till (Catfish Creek).
South bank creek northeast of Winfield: 20 feet (6 m) of buff over grey clayey silt till (Tavistock).
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S-4512 Roadcut 1 mile (1.6 km) southwest of Stirton.
0 -1 0  feet (0 -3  m) clayey silt till (Tàvistock)

10-17 feet (3-5.1 m) silty sand till (Catfish Creek, sample)
S-4515 Roadcut at Stirton.

0 -5  feet (0-1.5 m) clay till (Mornington, sample)
5 -7  feet (1.5-2.1 m) clayey silt till (Tàvistock)
7 -1 7  feet (2.1 -5.1 m) sandy till (Catfish Creek)

S-4527 Bridge excavation west side Wellesley: hard sandy silt till (Catfish Creek).
S-4528 Excavation for addition to Dominion Life Insurance, Westmount Road north of John Street, Waterloo: 2 feet (0.6 m) of silt till over 

sand.
S-4530 Gravel pit 1 mile (1.6 km) northwest of Stirton. Gravel sample.
S-4534 East bank Conestogo River 0.5 mile (0.8 km) northwest of Stirton.

0 -1 8  feet (0-5.4 m) stratified silt with pebbles
18- 20 feet (5 .4-6 m) stony silt till (pre-Catfish Creek)
20-30  feet (6 -9  m) covered to river

S-4537 South creek bank east of Stirton.
0 -1 0  feet (0 -3  m) silty sand till (Catfish Creek, sample)

10-17 feet (3-5.1 m) stratified sand and silt
17- 20 feet (5.1 - 6  m) covered to creek; clayey silt till (pre-Catfish Creek) in creek bed

S-4545 Gravel pit 2 miles (3.2 km) east of Listowel. Gravel pit.
S-4582 Church excavation west corner of Wallace Street and Binning Street, Listowel in 6 feet (1.8 km) of sandy silt till (Elma).
S-4596 Roadcut 1 mile (1.6 km) northeast of Tïalee: silty clay till (Mornington, sample).
S-4602 Roadcut east edge of Maitland River southeast of Wallace.

0 -5  feet (0-1.5 m) clayey silt till (Elma?, Sample U)
5 -15  feet (1.5-4.5 m) silty sand till (Catfish Creek, Sample L)

S-4625 Gravel pit 2.5 miles (4 km) northwest of Wyandot near north edge of map area. Gravel pit.
S-4627 Roadcut 2.25 miles (3.6 km) northwest of Wyandot in stony sandy silt till (Elma).
S-4651 Roadcut north side Spring Creek at Wyandot.

0 -1 0  feet (0 -3  m) clayey silt till (Elma, Sample U)
10-60 feet (3 -18  m) sandy till (Catfish Creek, Sample L)

S-4682 Roadcut 1.5 miles (2.4 km) east of Britton in clayey silt till (Elma).
S-4696 Gravel pit 1 mile (1.6 km) north of Britton. Gravel sample.
S -4730 Roadcut 2 miles (3.2 km) northeast of Wyandot.

0 -4  feet (0-1.2 m) clay till (Mornington, Sample A)
4 -6  feet (1.2-1.8 m) gritty clayey silt till (Tàvistock, Sample B)

S-4734 Gravel pit west side Conestogo River southeast of Glen Allan shows silty clay till (Stirton? over gravel).
S-4746 West bank Conestogo River 0.75 mile (1.2 km) north of Stirton.

0 -4  feet (0-1.2 m) brown clayey silt till (Stirton?, Sample D)
4 -  5 feet (1.2-1.5 m) yellow sandy till (Catfish Creek, Sample C)
5 -  19 feet (1.5-5.7 m) hard silt till (pre-Catfish Creek, Sample B)

19- 20 feet (5.7-6 m) stratified silt
2 0 - 23 feet (6-6.9 m) hard silt till
23-37 feet (6.9-11.1 m) stony sandy silt till (pre-Catfish Creek, Sample A)

S-4771 Roadcut 1.5 miles (2.4 km) south of Erbsville in silty clay till (Maryhill).
S-4865 Stream bank 1.25 miles (2 km) east of Josephsburg: 4 feet (1.2 m) of clay till (Mornington?) over laminated silt and clay.
S-4871 Parking garage excavation, southeast corner of Duke Street and Ontario Street North, Kitchener: clay till (Maryhill?) below and above 

sand.
S-4873 Service trench on St. Vincent Street near McPherson Street, Stratford:

4 feet (1.2 m) sandy silt till (Stratford, Sample B) over 5 feet (1.5 m) of gritty
silt till (Tàvistock Till, Sample A)

S-4875 House excavation on Home Street near Player Street, Stratford, 2 feet (0.6 m) mottled stony clay (sample) over sandy silt till (Strat
ford).

S-4876 Underpass excavation at Romeo Street South and CNR, Stratford.
0 -5  feet (0-1.5 m) sandy silt till (Stratford, Sample C)
5-13  feet (1.5-3.9 m) silt till with silt masses (Tàvistock, Sample B)

13-18 feet (3.9-5.4 m) sandy till (Catfish Creek, Sample A)
18- 28 feet (5.4-8.4 m) less stony till (pre-Catfish Creek)
28-30 feet (8 .4-9 m) sand and silt

S-4899 Gravel pit 0.75 mile (1.2 km) north of Chesterfield: sandy till (Catfish Creek) over sand and gravel.
S -4920 Railway cut, CNR, west edge of Bright in 10 feet (3 m) sandy silt till (Catfish Creek).
S-4936 Gravel pit 1 mile (1.6 km) north of Bright. Gravel sample.
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S-4946
S-4988 West bank Nith River west of Plattsville.

0 -4  feet (0-1 .2  m) stony silt till
4 -7  feet (1.2-2.1 m) gravel
7 -2 0  feet (2 .1-6  m) silty clay till grading down into laminated silt and clay

S-4990 Roadcut 1 mile (1.6 km) north of Plattsville.
0 -4  feet (0-1 .2  m) clayey silt till (Maryhill, Sample U)
4 -9  feet (1.2-2.7 m) sandy till (Catfish Creek, Sample L)
9 -  12 feet (2.7-3.6 m) stratified silt and clay

S-5009 Roadcut 1.5 mile (2.4 km) west of Wolverton, south edge of map area in clayey silt till (Port Stanley).
S—5028 Gravel pit 2 miles (3.2 km) south of Washington. Gravel sample.
S-5034 Roadcut north of Washington in 6 feet (1.8 m) of stony sandy till (Port Stanley?).
S-5052 North bank Nith River 1.5 miles (2.4 km) south of Washington.

0 -2 0  feet (0 -6  m) kame gravel
20-35 feet (6-10.5m ) w etsiltw itha few pebbles

S-5065 Roadcut 0.5 mile (0.8 km) southwest of Wolverton: silt till (Port Stanley) over gravel.
S-5067 Ditch and gulley north edge of Wolverton, west side of Nith River: contorted silt and clay becoming till-like at base (pre-Catfish 

Creek?, sample).
S-5080 North bank Nith River 1.5 miles (2.4 km) northeast of Wolverton.

0 -2 4  feet (0 -  7.2 m) stratified sand and gravel
2 4 - 28 feet (7.2-8.4 m) stony clayey silt till (Catfish Creek?, Sample B)
28-46 feet (8.4-13.8 m) silty clay till (pre-Catfish Creek?, Sample A), with masses of contorted silt

and clay; patches of red colour
S-5081 North bank Nith River 1.75 miles (2.8 km) northeast of Wolverton.

0 -3  feet (0-0 .9  m) gravel
3 -18  feet (0-4.8 m) stony clayey sand till (Catfish Creek?)

18-21 feet (4.8-6.3 m) clay till and silts (pre-Catfish Creek?)
S-5106 Gravel pit south of Nith River 3 miles (4.8 km) east of Washington. Gravel sample.
S-5110 North bank Nith River 2.25 miles (3.6 km) east of Washington.

0 -25  feet (0-7.5 m) stratified sand and gravel
2 5 - 33 feet (7.5-9.9 m) mostly covered to river; in part is contorted silt

S-5140 North bank Nith River 3.75 miles (6 km) east of Washington.
0 -1 0  feet (0 -3  m) silty sand till (Catfish Creek)

10- 13 feet (3-3.9 m) interbedded till and varved clay
13-15 feet (3.9-4.5 m) sand interbedded with till
15-17 feet (4.5-5.1 m) covered to river

S-5175 Warren Bitulithic gravel pit 0.25 mile (0.4 km) northeast of Mannheim, covered with up to 10 feet (3 m) of silt till. Gravel sample. 
S-5176 Roadcut 0.5 mile (0.8 km) northeast of Mannheim in silty clay till over gravel (Maryhill).
S-5194 Roadcut east of Fischer Drive just south of old Highway 7, Kitchener, in 7 feet (2.1 m) of silt till (Maryhill).
S-5225 Cut in farm lane 1.25 miles (2 km) east of Josephsburg in 5 feet (1.5 m) of clay till (Maryhill?) over sand.
S-5230 Sand pit north of Bridgeport Road East, Waterloo. Now obscured by Conestogo Parkway. Cap of sandy till (Port Stanley) over sand. 

Gravel sample.
S-5236 Roadcut 2 miles (3.2 km) northeast of Moorefield, Palmerston map area.

0 -2  feet (0-0.6 m) buff silty sand till (Elma, Sample A)
2 -6  feet (0.6 -1 .8  m) brown clay till (Thvistock?, Sample B)
6 -8  feet (1.8-2.4 m) gravelly silt till (Catfish Creek?, Sample C)

S-5237 Gravel pit 1 mile (1.6 km) southeast of Moorefield, Palmerston map area. Gravel sample.
S-5251 Service trench, Weber Street North, north of CNR bridge, Waterloo.

0 -7  feet (0-2.1 m) stratified clay and silt
7 -1 2  feet (2.1 -3 .6  m) gritty clayey silt till (Tavistock, sample)

1 2 - ? feet (3 .6 - ? m) underwater. Clay till (Maryhill?)
S-5252 Excavations on hill by Harvard Road, Waterloo. Hill is capped by silt till (Tavistock, Sample A), which overlies gravel and clay till—con

torted silt and clay complex (Maryhill, Sample B).
S-5253 Excavation for Moses Springer Recreation Center, Waterloo, exposed kame sand and gravel with tongue of clay till near base (Mary

hill?).
S-5264 Apartment excavation, southwest corner of York Street and Union Street West, Kitchener. Borings penetrated silt till (Tavistock?, 

Sample B) below sand. Adjacent excavation at corner of Mount Hope Street exposed surface lens of silty sandy till (Tavistock?, Sample 
A).

S-5265 Roadcut, corner Ottawa Street North and Shaftsbury Drive, Kitchener: 5 feet (1.5 m) silty sand till (Port Stanley) over sand.
S-5266 Roadcut on Hanson Avenue, west of Homer Watson Boulevard, Kitchener, 6 feet (1.8 m) of sandy till (Port Stanley, Sample B) over 

15 feet (4.5 m) of stratified sand with tongues and balls of clay till (Maryhill?), sample (A) near base.

Railway cut 1.5 miles (2.4 km) southeast of Bright: 6 feet (1.8 m) silt till (Port Stanley) over silt over gravel.
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S-5267 Roadcut northeast corner of Homer Watson Boulevard and Conestogo Parkway, Kitchener: 12 feet (3.6 m) sandy clayey silt till (Mary- 
hill?) pinching out to south over 20 feet (6 m) stratified sand.

S-5268 Roadcut on Wilson Avenue north of Fairway Drive, Kitchener, in 9 feet (2.7 m) of sandy till (Port Stanley) over gravel.
S-5270 Building excavation southeast corner Queen Street South and St. George Street, Kitchener. Planar bedded, fine, well-sorted sand to 

10 feet along south face and 20 feet along north face. Foresets up to 2 feet thick with consistent dip to northeast. Sample from south 
face.

S-5272 Service trench on Weber Street North at Albert Street: clay till (Maryhill) under stratified sand and silt.
S-5273 Excavation for Benton Street Church, Benton Street at St. George Street, Kitchener: 2 feet (0.6 m) sand over 6 feet (1.8 m) silty sand 

till (Thvistock?) over sand.
S-5275 Excavation on Weber Street East opposite Madison Avenue: up to 8 feet (2.4 m) clay till (Maryhill?) over stratified sand.
S-5276 East side Conestogo Lake at stream mouth 1 mile (1.6 km) southwest of Stirton. Partly obscured by high lake level.

0 -1 0  feet (0 -3  m) silt till (pre-Catfish Creek, Sample A)
10-14 feet (3-4.2 m) stony silt till (pre-Catfish Creek, Sample B)
14- 15 feet (4.2-4.5 m) red gritty clay till over sand (p re - Catfish Creek, Sample C)
1 5 - 19 feet (4.5-5.7 m) orange gravelly till
19 - 20 feet (5 .7-6 m) gritty sandy till (?)
2 0 - 21 feet (6-6.3 m) stony clayey silt till (pre-Catfish Creek, Sample D) over red-brown clayey silt

till (pre-Catfish Creek, Sample E)
S-5281 CNR railway cut west of Weber Street West near Blucher Street, Kitchener: 4 feet (1.2 m) of sandy till (Port Stanley) over sand. 
S-5286 Gravel pit east of Conestogo Parkway near Campbell Avenue, Kitchener: 3 feet (0.9 m) silty clay till (Maryhill) under kame gravel. 
S-5289 Excavation for YMCA Waterloo, on Lincoln Road near Weber Street North: sand and gravel over lenses of clay till (Maryhill).
S-5290 Conestogo Parkway bridge excavation at King Street North, Waterloo: complex of silt till lenses (Thvistock?, samples A and B). Inter- 

bedded with sand and gravel.
S-5291 Conestogo Parkway roadcut at Frederick Street, Kitchener: 14 feet (4.2 m) of sandy till (Port Stanley, Sample B) over 6 feet ( 1.8 m) of 

silt till (Thvistock?, Sample A).
S-5293 Conestogo Parkway roadcut at Wellington Street, Kitchener: 6 feet sandy till (Port Stanley, Sample B) over 13 feet (3.9 m) sand and 

gravel, over 4 feet (1.2 m) of stony silt till (Tavistock?, Sample A).
S-5297 Roadcut on Westmount Road South at Chopin Drive in silt till (Maryhill?).
S-5298 Building excavation northeast corner of Ontario Street North and Duke Street West, Kitchener.

0 -5  feet (0-1.5 m) fill
5 -8  feet (1.5-2.4 m) silt till (Tavistock?, Sample B)
8 -1 2  feet (2.4 -  3.6 m) clay till (Maryhill?, Sample A)

12- 18 feet (3.6-5.4 m) stratified silt and sand
S-5301 University of Waterloo, Waterloo, Engineering IV trench near ringroad.

0 -2  feet (0-0.6 m) fill
2 -8  feet (0.6-2.4 m) stratified sand and clay
8 -1 0  feet (2 .4-3 m) clayey silt till (Thvistock?)

S-5307 Westmount Plaza cut for parking lot, northeast of corner of Westmount Road and Erb Street West, Waterloo.
0 -5  feet (0-1.5 m) clayey silt till (Maryhill?, Sample A)
5-25  feet (1.5-7.5 m) stratified sand and gravel; at base is clayey silt till (Maryhill?, Sample B)

S-5309 Roadcut on Homer Watson Boulevard south of Hanson Avenue, Kitchener: 12 feet (3.6 m) sandy till (Port Stanley, Sample A) over 
stratified sand and gravel with layers of clay till (Maryhill, Sample B).

S-5310 Roadcut southeast corner Ottawa Street South and Strasburg Road, Kitchener, in 5 feet (1.5 m) of clay till (Maryhill?).
S-5311 Roadcut northeast corner of Strasburg Road and Selkirk Drive, Kitchener: 6 feet (1.8 m) of silt till (Port Stanley?).
S-5312 Roadcut near Selkirk Drive and Geneva Court, Kitchener, in clay till (Maryhill, sample).
S-5314 Conestogo Parkway roadcut west of Hallman Road, Kitchener.

0 -3  feet (0-0.9 m) gritty clayey silt till (Tavistock?, Sample B)
3 -5  feet (0.9-1.5 m) stratified silt and clay
5 -1 0  feet (1 .5-3  m) clay till (Maryhill?, Sample A)

10-13 feet (3-3.9 m) stratified silt
13 - 18 feet (3.9-5.4 m) stratified sand

S-5316 Store excavation northeast corner of University Avenue West and Phillip Street, Waterloo: sand over clay till (Maryhill) over con- 
torted clay and silt.

S-5317 Apartment excavation on Queen Street North at St. Leger Street, Kitchener.
0 -5  feet (0-1.5 m) clay till (Maryhill, Sample B)
5 -8  feet (1.5-2.4 m) disturbed varved clay and silt
8— 9 feet (2.4-2.7 m) sandy till (Catfish Creek?, Sample A)
9— 11 feet (2.7—3.3 m) non-calcareous sand; calcareous in some areas of exposure

S-5320 Apartment excavation on Regina Street North opposite Hickory Street, Waterloo: sand to 6 feet (1.8 m) over clayey silt till (Maryhill).
S-5322 Apartment excavation on Vanier Drive opposite Boniface Avenue, Kitchener: sand and gravel over varved clay and silt over stony 

clayey silt till (Tavistock?).
S -5329 Roadcut on Wabanaki Drive, west of Wilson Avenue, Kitchener, in 10 feet (3 m) of silty sand till (Port Stanley) over gravel. 
S -5330 Roadcut, River Road at CNR, Kitchener, in 6 feet (1.8 m) of sandy till (Port Stanley) over sand.
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S-5331
S-5332
S-5334
S-5335 Hidden Valley Roadcut opposite Cameo Drive, Kitchener: clay till (Maryhill) below and above gravel.
S-5340 Office building excavation on Weber Street East, east of Scott Street, Kitchener: clayey silt till (Thvistock?).
S-5342 Roadcut on Northfield Drive east of Westmount Road North, Waterloo, in clayey silt till (Maryhill).
S-5343 Excavations for North Woolwich Dam on Canagagigue Creek 1.5 miles (2.4 km) northwest of Elmira: clayey silt till (Thvistock, Sample 

D) over sand and silt, over clay till (Maryhill, Sample A) over silty sand till (Catfish Creek, Sample B) over silt till (pre -Catfish Creek, 
Sample C).

S-5344 Excavation on Weber Street North, north of Canadian Tire store, Waterloo.
0 -7  feet (0-2.1 m) clayey silt till (Thvistock?, Sample A)
7 -1 4  feet (2.1 -4 .2  m) disturbed varved clay and silt

14-16 feet (4.2-4.8 m) clayey sand till (Thvistock?, Sample B)
16—17 feet (4.8-5.1 m) stratified silt and sand

S-5345 Apartment excavation University Avenue East, east of Lincoln Road, Waterloo, showed 6 feet (1.8 m) of silty clay till (Maryhill, Sam- 
ple A) over 11 feet (3.3 m) of stratified sand, over 4 feet (1.2 m) of silty clay till (Maryhill, Sample B). Spoil piles showed sandy till from 
deeper levels (Catfish Creek Till).

S-5350 Roadcut and apartment excavation, University Avenue East of Glenridge Drive, Waterloo: 3 feet (0.9 m) silt till (lavistock, Sample A) 
over 5 feet (1.5 m) of sand over 4 feet (1.2 m) of clay till (Maryhill, Sample B).

S-5357 Conestogo Parkway cut south of Highway 85,1.5 miles (2.4 km) southeast of St. Jacobs in clayey silt till over gravel. Gravel sample. 
S-5359 Conestogo Parkway cut at Conestogo River 1 mile (1.6 km) southeast of St. Jacobs.

0 -5  feet (0-1 .5  m) sandy clayey silt till (Port Stanley? Sample A)
5 -2 0  feet (1 .5-6  m) stratified sand

20 -2 5  feet (6-7.5 m) clay till (Maryhill, Sample B)
S-5362 Service trench south of Keats Way and east of Hallman Road, Waterloo, in clayey silt till (Maryhill?) over sand.
S-5363 Service trench on Pandora Street at Duke Street East, Kitchener in clayey silt till (Tàvistock?).
PW1 East of Nith River across from Fairgrounds at New Hamburg.

0 -14  feet (0-4.2 m) fill and soil?
14- 56 feet (4.2-16.8 m) gravel
56-59 feet (16.8-17.7 m) sandy stony till (pre-Catfish Creek, Sample 17 at 56 feet (16.8 m))
59-90  feet (17.7-27 m) dirty gravel or gravelly till
90-100 feet (27-30 m) broken dolostone

100-102 feet (30-30.6 m) dolostone core
PW2 Southwest of crossing of CNR and Highway 19, north edge of Stratford.

0 -7  feet (0-2.1 m) fill; Sample 29 at 84 feet (24 m)
7-11  feet (2.1-3.3 m) sand and silt. Sample 30 at 10 feet (3 m)

1 1 - 15 feet (3.3-4.5 m) stony sandy silt till
15 - 19 feet (4.5-5.7 m) gravel
19-37 feet (5.7-11.1 m) silty till (Tavistock?); Sample 37 at 26 feet (7.8 m)
37-55 feet (11.1-16.5 m) sandy till (Catfish Creek?), sample 41 at 40 feet (12 m)
55-80  feet (16.5-24 m) silty to sandy till (Catfish Creek), Sample 46 at 60 feet (18 m)
80-90  feet (24-27 m) clayey silt till (pre-Catfish Creek?)
90-105 feet (27-31.5 m) gravel

105-120 feet (31.5-36 m) gravelly sandy till (pre-Catfish Creek?), Sample 56 at 110 feet (33 m)
120-135 feet (36-40.5 m) gravel; rock at 135 feet (40.5 m)

PW4 East of Conestogo River, south of Highway 86, by CPR.
0 -1 0  feet (0 -3  m) clayey silt till (Tavistock, Sample 66 at 8 feet (2.4 m))

10-15 feet (3-4.5 m) silt till
15-65 feet (4.5-19.5 m) ' silty sand till (Catfish Creek, Sample 71 at 25 feet (7.5 m))
65-100 feet (19.5-30 m) gravel

100-110 feet (30-33 m) pinkish sandy clay till (pre-Catfish Creek), Sample 88 at 100 feet (30 m)
110-114 feet (33-34.2 m) pinkish silty clay till (pre-Catfish Creek), Sample 91 at 112 feet (33.6 m)
114-150 feet (34.2-45 m) sand and gravel; rock at 150 feet

PW5 North of Erb Street, 2 miles (3.2 km) east of Phillipsburg.
0 -1 2  feet (0-3.6 m) sandy silt til! (Maryhill?), Sample 99 at 5 feet (1.5 m)

12- 70 feet (3.6-21 m) stratified sand
70-75 feet (21-25 m) silty sand till, Sample 112 at 70 feet (21 m)
75-92 feet (25-27.6 m) silty sand with organics
92-97 feet (27.6-29.1 m) clayey silt till
97-105 feet (29.1-31.5 m) stratified silt

105-112 feet (31.5-33.6 m) clay till (Stirton?), Sample 118 at 105 feet (31.5 m)
112-150 feet (33.6-45 m) stratified silt
150-175 feet (45—52.5 m) stony silty sand till
175-185 feet (52.5-55.5 m) gravelly till (Catfish Creek?), Sample 133 at 180 feet (54 m)
185-195 feet (55.5-58.5 m) dirty gravel
195-220 feet (58.5-66 m) gravelly til!
220-230 feet (66-69 m) silty clay till

Roadcut on Westwood Drive south of Glasgow Street, Kitchener, in silt till (Thvistock?).
Apartment excavation on Cedar Street South, at St. George Street, Kitchener, in gritty clayey silt till (Maryhill?).
Gravel pit, Hidden Valley Road at Goodrich Drive, Kitchener: 6 feet (1.8 m) of sandy till (Port Stanley) over gravel.

230-240 feet (69-72 m) dirty gravel
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PW7 Northeast of road corner 2.25 miles (3.6 km) west of Bright.
0 -1 2  feet (0-3.6 m) gritty silt till (Thvistock), Sample 2 at 7 feet (2.1 m) and Sample 3 at 10 feet (3 m)

12-32 feet (3.Ô-9.6 m) sandy gritty silt till; Sample 8 at 25 feet (7.5 m)
32-37 feet (9.6-11.1 m) clayey silt till; Sample 11 at 32 feet (9.6 m) and Sample 13 at 35 feet (10.5 m)
37-39 feet (11.1-11.7 m) sandy silty till
3 9 - 40 feet (11.7-12 m) contorted silt and clay
4 0 - 45 feet (12-13.5 m) gravel
45-56 feet (13.5-16.8 m) clayey to sandy silt till
56-64 feet (16.8-19.2 m) silt
6 4 - 79 feet (19.2-23.7 m) greenish gritty silt till; Sample 26 at 74 feet (22.2 m)
79 feet (23.7 m) bedrock

PW8 Milverton moraine 2.5 miles (4 km) north of Milverton.
0 -3 0  feet (0 -9  m) stony silt till (Elma), Sample 33 at 25 feet (7.5 m)

3 0 - 37 feet (9-11.1 m) clayey silt till (Mornington?), Sample 35 at 35 feet (10.5 m)
37-47 feet (11.1-14.1 m) laminated silt and clay
47-52 feet (14.1-16.6 m) clayey silt till (Stirton?), Sample 40 at 50 feet (15 m)
52-135 feet (16.6-40.5 m) stony sandy till and gravel (Catfish Creek?), Sample 50 at 115 feet (34.5 m);

bedrock at 135 feet (40.5 m)
PW9 Elmira Moraine 1.5 miles (2.4 km) northwest of Elmira.

0 -7  feet (0-2.1 m) gritty clayey silt till (Thvistock), Sample 56 at 5 feet (1.5 m)
7 -  47 feet (2.1-14.1 m) stratified sand
47-87 feet (14.1 -26.1 m) silty to clayey till (Maryhill?), Sample 65 at 50 feet (15m)

Sample 66 at 55 feet (16.5 m), Sample 68 at 65 feet (19.5 m)
Sample 71 at 75 feet (22.5 m), and Sample 73 at 85 feet (25.5 m)

87-90  feet (26.1 -2 7  m) disturbed varved clay
90-105 feet (27-31.5 m) olive stony sandy silt till (Catfish Creek), Sample 74 at 90 feet (27 m), and

Sample 76 at 100 feet (30 m)
105-196 feet (31.5-58.8 m) sand and gravel; did not reach rock

UW 50-73 Glen Allan interstadial site, 3.25 miles (5.2 km) southeast of Glen Alan, east end of centre bridge.
0 -3  feet (0-0.9 m) fill
3 -5  feet (0.9-1.5 m) brown gritty silt till (pre-Catfish Creek), Sample 1 at 4 feet (1.2 m)
5-14  feet (1.5-4.2 m) stony silt

14 - 15 feet (4.2-4.5 m) cherty clayey silt till (pre-Catfish Creek)
15- 45 feet (4.5-13.5 m) gravel
45-70 feet (13.5-21 m) sandy silt till (pre-Catfish Creek), Sample 2 at 46 feet (13.8 m)

and Sample 3 at 64 feet (19.2 m)
UW51 -7 4  University of Waterloo North Campus near north boundary, Waterloo.

0 -8  feet (0-2.4 m) sand
8 -  62 feet (2.4 -18.6 m) interbedded clayey to silty till (Maryhill?), and laminated silt and clay;

Sample A at 9 feet (2.7 m) and Sample B of coarser till (Catfish Creek Till 
inclusion? at 27 feet (8.1 m)

62-88 feet (18.6-26.4 m) olive sandy silt till (Catfish Creek and pre-Catfish Creek?)
Sample C at 69 feet (20.7 m) and Sample D at 78 feet (23.4 m)

UW52-74 University of Waterloo North Campus, near Bearinger Road and west of CNR.
0-31 feet (0-9.3 m) sand

3 1 - 32 feet (9.3-9.6m ) silt till
3 2 - 35 feet (9.6-10.5 m) sand
35-47 feet (10.5-14.1 m) clay till (Maryhill), Sample A at 36 feet (10.8 m)
47-65 feet (14.1-19.5 m) olive sandy silt till (Catfish Creek), Sample B at 51 feet (15.3 m)

UW53-74 University of Waterloo North Campus, east of Columbia Lake, Waterloo.
0 -22  feet (0-6.6 m) sand

22-37 feet (6.6-11.1 m) laminated clay and silt
37-42 feet (11.1-12.6 m) clay till (Maryhill), Sample A at 41 feet (12.3m)
42-60  feet (12.6-18 m) olive sandy silt till (Catfish Creek), Sample B at 51 feet (15.3 m)
60-62 feet (18-18.6 m) sand
62-63 feet (18.6-18.9 m) stony silt till

UW54-74 Beside UW53-74.
62-65 feet (18.6-19.5 m) sandy silt till (Catfish Creek?), Sample A at 63 feet (18.9 m)

and Sample B at 65 feet (19.5 m)
6 5 - 68 feet (19.5-20.4 m) silt till
68-71 feet (20.4-21.3 m) sand and gravel
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UW54—76 Middle of northeast wall of Chemistry I Building, University of Waterloo.
0 -6  feet (0-1 .8  m) fill
6 -1 3  feet (1.8-3.9 m) silt with some sand, stratified

13-23 feet (3.9-6.9 m) sandy to clayey silt till with sand and silt interbeds (Thvistock Till)
23 -3 4  feet (6.9-10.2 m) stratified fine sand with silt and clay bands
34-50  feet (10.2-15 m) silty clay till (Maryhill)
50-73  feet (15-21.9 m) silty sand till (Catfish Creek)
73-80  feet (21.9-24 m) stratified clayey silt
80-85 feet (24—27.3 m) sandy silt till
85-150 feet (27.3-45 m) silty sand to clayey silt till, variable, with sand and silt interbeds

Bituminous odour; small piece of Picea wood at 125 feet (38 m)
150-170 feet (45-51 m) green shale; Salina Formation

UW 79-80 Proposed office building site, southwest of corner of Phillip and Columbia streets, Waterloo.
0 -2  feet (0-0 .6  m) fill
2-29.5 feet (0 .6-9 m) medium to fine sand; buff colour to 10 feet (3 m) then grey below
29.5- 52 feet (9-15.8 m) interbedded fine sand and silt, few clay bands
52-62.5 feet (15.8-19.1 m) interbedded stratified sand, silt, and stony clay, some layers till-like
62.5- 99 feet (19.1 -  30.2 m) dense grey clay with traces of stratification interbedded with

dense grey clay till; few sand layers at intervals; Maryhill Drift 
99-112 feet (30.2-34.1 m) olive stony sandy silt till; inclusions of stony, gritty silt till at

106 feet (32 m); Catfish Creek Drift
112-120 feet (34.1-36.6 m) fine to medium stratified fine sand with piece of wood at

120 feet (36 m)
120-120.5 feet(36.6-36.7 m) grey-brown gritty silt till; basal contact at 45° truncates

underlying bedding
120.5- 122.5 feet (36.7-37.3 m) stratified olive silt with sand and clay layers; black streaks and

peaty smell; shell fragments near base
122.5- 124 feet (37.3-37.9 m) greenish, black and brown diamicton—stony sandy silt;

contorted stratification
124-128.5 feet (37.9-39.2 m) olive to buff stratified medium to fine sand and silty sand with

black zones and streaks; clayey and stony at base
UW80—80 (hole moved over)

127-130 feet (38.7-39.6 m) stratified silty sand and gravel with shell fragments and black streaks
130-131.5 feet (39.6-40.1 m) brownish grey clay and silt with black bands
131.5- 136.75 feet (40.1-41.7 m) olive to grey silty fine to medium sand



Appendix E: Stratigraphic Columns
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Figure E l. Location map of the columnar sections illustrated in figures E2 to E8.



Figure E2. Columnar sections along Canagagigue Creek.
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Figure E3. Columnar sections along the Conestogo River.



Figure E4. Columnar sections along Boomer Creek.
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Figure E5. Columnar sections along Smith Creek.



Figure E6. Columnar sections along the upper Nith River.
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Figure E7. Columnar sections along the middle part of the Nith River.



Figure E8. Columnar sections along the lower Nith River.
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CONVERSION FACTORS FOR MEASUREMENTS IN ONTARIO GEOLOGICAL 
SURVEY PUBLICATIONS

Conversion from SI to Imperial Conversion from Imperial to SI

SI Unit Multiplied by Gives Imperial Unit Multiplied by Gives

LENGTH
1 mm 0.039 37 inches 1 inch 25.4 mm
1 cm 0.393 70 inches 1 inch 2.54 cm
1 m 3.280 84 feet 1 foot 0.304 8 m
1 m 0.049 709 7 chains 1 chain 20.116 8 m
1km 0.621 371 miles (statute) 1 mile (statute) 1.609 344 km

AREA
1 cm2 0.155 0 square inches 1 square inch 6.451 6 cm2
1 m2 10.763 9 square feet 1 square foot 0.092 903 04 m2
lkm 2 0.386 10 square miles 1 square mile 2.589 988 km 2
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha

VOLUME
1 cm3 0.061 02 cubic inches 1 cubic inch 16387 064 cm3
1 m3 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m3
1 m3 1.308 0 cubic yards 1 cubic yard 0.764 555 m3

CAPACITY
1 L 1.759 755 pints 1 pint 0.568 261 L
1 L 0.879 877 quarts 1 quart 1.136 522 L
1 L 0.219 969 gallons 1 gallon 4.546 090 L

MASS
l g 0.035 273 96 ounces (avdp) 1 ounce (avdp) 28.349 523 g
l g 0.032 150 75 ounces (troy) 1 ounce (troy) 31.103 476 8 g
1 kg 2.204 62 pounds(avdp) 1 pound (avdp) 0.453 592 37 kg
1 kg 0.001 102 3 tons (short) 1 ton (short) 907.184 74 kg
1 1 1.102 311 tons (short) 1 ton (short) 0.907 184 74 t
1 kg 0.000 984 21 tons (long) 1 ton (long) 1016.046 908 8 kg
1 1 0.984 206 5 tons (long) 1 ton (long) 1.016 046 908 8 t

CONCENTRATION
lg /t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t

ton (short) ton (short)
lg /t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t

ton (short) ton (short)

OTHER USEFUL CONVERSION FACTORS 

Multiplied by
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short)
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short)

Note: Conversion factors -which are in hold type are exact. The conversion factors have been taken from or have been 
derived from factors given in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, pub- 
lished by the Mining Association o f Canada in co-operation with the Coal Association o f Canada.





6497
0.7k RR. 93/05 
ISSN 0704-2582 
ISBN 0-7729-7994-4



Mines and Minerals Division 
Ontario Geological Survey

MAP 2558
QUATERNARY GEOLOGY

CONESTOGO AREA
Scale 1:50 000

NTS Reference: 40 P/10

©Queen’s Printer for Ontario, 1993.

This map is published with the permission of V.G. Milne, Director, 
Ontario Geological Survey.

CREDITS
Geology by P.F. Karrow, for the Geological Survey of Canada, 
1965-1968, and the Ontario Geological Survey, 1983-1990.

Edited by D.S. Tennant and T.C. Chin.

Digital Cartographic production by Northwood Geoscience Ltd.

Every possible effort has been made to ensure the accuracy of the 
information presented on this map; however, the Ontario Ministry of 
Northern Development and Mines does not assume any liability for 
errors that may occur. Users may wish to verify critical information.

Issued 1993.

The geological information for the Conestogo and Stratford areas 
(Maps 2558 and 2559) was registered to 1979 NTS base maps.
The NTS base maps were updated in 1986, and these were used 
in the cartographic production. Some geological units, alluvial 
units in particular, will appear out of alignment with streams and 
rivers due to this fact.

Information from this publication may be quoted if credit is given. It 
is recommended that reference to this map be made in the following 
form:

Karrow, P.F. 1993. Quaternary geology, Conestogo area; Ontario 
Geological Survey, Map 2558, scale 1:50 000.

SOURCES OF INFORMATION
Aerial photography from National Air Photo Library, Department of 
Energy, Mines and Resources, Ottawa.

GSC preliminary maps 26-1970, 27-1970, 28-1970 and 29-1970, 
accompanying Paper 70-34.

Karrow, P.F. 1970. Quaternary Geology of the Stratford-Conestogo 
Area, Ontario; Geological Survey of Canada, Paper 70-34,11 p.

This map is based on information taken from the National Topo
graphic System map sheet number 40 P/10 ©Her Majesty the 
Queen in Right of Canada with permission of Energy, Mines and 
Resources Canada.

Magnetic declination was approximately 8J32' W in 1990 with a rate 
of change of 4'30" W per year.

Geology not tied to surveyed lines.



M ines and M inerals Division  
Ontario Geological Survey

MAP 2559

QUATERNARY GEOLOGY

STRATFORD AREA
Scale 1:50 000

NTS Reference: 40 P/7

©Queen’s Printer for Ontario, 1993.

This map is published with the permission of V.G. Milne, Director, 
Ontario Geological Survey.

CREDITS
Geology by P.F. Karrow, for the Geological Survey of Canada, 
1965-1968, and the Ontario Geological Survey, 1983-1990.

Edited by D.S. Tennant and T.C. Chin.

Digital cartographic production by Northwood Geoscience Ltd.

Every possible effort has been made to ensure the accuracy of the 
information presented on this map; however, the Ontario Ministry of 
Northern Development and Mines does not assume any liability for 
errors that may occur. Users may wish to verify critical information.

Issued 1993.

The geological information for the Conestogo and Stratford areas 
(Maps 2558 and 2559) was originally registered to 1979 NTS base maps. 
The NTS base maps were updated in 1986, and these were used 
in the cartographic production. Some geological units, alluvial 
units in particular, will appear out of alignment with streams and 
rivers due to this fact.

Information from this publication may be quoted if credit is given. It 
is recommended that reference to this map be made in the following 
form:

Karrow, P.F. 1993. Quaternary geology, Stratford area; Ontario 
Geological Survey, Map 2559, scale 1:50 000.
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Magnetic declination was approximately 8°25' W in 1990 with a rate 
of change of 4'3011 W per year.

Geology not tied to surveyed lines.
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