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Foreword 
This report, together with the accompanying maps, presents and discusses the 
characteristics and distribution of the various materials deposited in the Hamilton-
Cambridge area by the glaciers and associated processes during the Quaternary 
Period. The information provided in this report can be of direct value in locating 
and assessing mineral resources such as sand and gravel as well as in providing 
geological base data for engineering, hydrogeological, waste management, and 
planning studies. 

The materials discussed in this report are those occurring directly at the land 
surface and control, to a very large degree, not only the local vegetation and 
agricultural products, but affect the everyday life of the residents by forming the 
very base on which homes, schools, play grounds, parks, factories, and roads are 
founded. Thus, this report on the surficial deposits of the Hamilton-Cambridge area 
provides significant input to any environmental study for the area. 

This report was first published in 1963 as "The Pleistocene Geology of the 
Hamilton-Gait Area" (Geological Report Number 6) and, as such, was the report of 
the first area to be mapped as part of a systematic mapping program. This report 
established a high standard for all subsequent reports prepared and published by 
the Quaternary geologists of the Geological Branch and its successor, the Ontario 
Geological Survey. 

The original report has been out of print for several years and following many 
requests for reprinting, the opportunity was taken to have the author, Professor P.F. 
Karrow, revise the original text and take advantage of the any new studies and 
advances of knowledge of the Quaternary geology of Ontario which have occurred 
since the original text was prepared. 
V.G.Milne 
Director 
Ontario Geological Survey 
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Abstract 
The Hamilton-Cambridge report area, at the western end of Lake Ontario, straddles 
the Niagara Escarpment, and is underlain by bedrock of Ordovician and Silurian 
age. Tills representing at least seven ice advances, mostly by the Ontario lobe, 
have been identified; all are believed to be Wisconsinan, and are mostly Late 
Wisconsinan in age. From oldest to youngest, they are mapped as 'lower beds", 
Canning Till, Catfish Creek Till (Nissouri Stadial), Maryhill Till (Port Bruce Stadial), 
Port Stanley Drift (Port Bruce Stadial). Wentworth Till (Port Bruce Stadial) and 
Halton Till (Port Huron Stadial). 

Wentworth Till is the surface till over much of the Cambridge map area and 
forms many drumlins and several end moraines (Paris, Gait, and Moffat). Halton Till 
is the surface till over much of the Hamilton map area, forming several small end 
moraines (Waterdown and Trafalgar) and fluted till plain. 

During and following the later ice advances, shore features and bottom 
sediments were left by the glacial lakes Whittlesey, Warren, Peel, and Iroquois. 
Wood from Lake Iroquois deposits has been dated at about 12 000 years old. 

Sand and gravel are produced mainly from extensive outwash deposits, and in 
lesser amounts, form raised beaches, eskers, and kames. 

Figure 1. Key map showing location of the Hamilton-Cambridge area. 
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Resume 
La region de Hamilton-Cambridge faisant I'objet du rapport et situee a la pointe 
ouest du lac Ontario, est a cheval sur I'escarpement de Niagara et contient en son 
sous-soi un socle rocheux de I'ere ordovicienne ou silurienne. On a pu relever la 
presence de depots d'au moins sept avancements glaciairies, surtout pres du lobe 
ontarien; on estime que ces depots datent de I'ere wisconsinnienne, et pour la 
plupart de la fin de I'ere wisconsinnienne. lis sont mis en plan en tant que 
"couches inferieures" et il s'agit, du plus ancien au plus recent, des depots 
glaciairies de Canning Till, Catfish Creek Till (sous-phase de Nissouri), Maryhill Til* 
(sous-phase de Port Bruce), Port Stanley Drift (sous-phase de Port Bruce), Went
worth Till (sous-phase de Port Bruce?), et Halton Till (sous-phase de Port Huron). 

Wentworth Till est le depot glaciaire de surface recouvrant une bonne partie de 
la carte de la region de Cambridge et forme de nombreux drumlins et plusieurs 
moraines terminales (Paris, Gait et Moffat). Halton Till est le depot glaciaire de 
surface recouvrant une bonne partie de la carte de la region de Hamilton, formant 
plusieurs petites moraines terminales (Waterdown et Trafalgar) et une plaine a 
depots stries. 

Pendant les recents avancements glaciaires et dans la periode qui a suivi, les 
lacs glaciaires Whittlesey, Warren, Peel et Iroquois ont laisse des rives cara-
cteristiques et des sediments de fond. On estime que le bois provenant de depots 
de lavage et, en quantites moindres, de plages sureleves eskers et kames. 
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Introduction 
Location and Access 
The two map areas in this report are Cambridge (Map 2508, back pocket) and 
Hamilton (Map 2509, back pocket). The area is also covered in two sheets of the 
National Topographic Series, 30 M/5 (Hamilton) and 40 P/8 (Cambridge). All of the 
area is also covered by topographic maps at the scale of 1:25 000. The report area 
extends from Latitude 43°15'N to 43°30'N and from Longitude 79°30'W to 80°30'W. 
It is situated in southern Ontario, at the western end of Lake Ontario. The total land 
area is about 1660 km2 and includes parts of the municipalities of Oxford, Water
loo, Wellington, Wentworth, Halton, and Peel (see Figure 1). 

A grid of roads at about 1.6 km intervals crosses the report area, providing 
excellent access to most parts. Highways 2, 5, 6, 7, 8, 24, 24A, 25, 52, 97, 99, 401, 
and 403, and the Queen Elizabeth Way (QEW), cross the area. Many county roads 
are paved. 

The area is serviced by the Canadian National Railway, the Canadian Pacific 
Railway, the Grand River Railway, the Lake Erie and Northern Railway, and the 
Toronto, Hamilton, and Buffalo Railway. Hamilton is a Great Lakes port, and via the 
St. Lawrence Seaway, is open to ocean shipping. Small-craft port facilities are also 
available at Burlington, Bronte, and Oakville. 

Population 
Parts of the Hamilton-Cambridge area are highly industrialized, and the population 
densities of some of the urban centres are among the highest in Canada. The 
largest urban centre, Hamilton, has a population of 308 102 and is situated on the 
southern boundary of the area. Next in size is the City of Kitchener (population 141 
438) situated in the northwestern corner of the report area. A few miles southeast 
of Kitchener is the City of Cambridge (76 505) comprising the former communities 
of Preston, Gait, and Hespeler. Northeast of Hamilton along the north shore of Lake 
Ontario, are the municipalities of Burlington (113 158) and Oakville (76 720), which 
now include the former townships of Nelson and Trafalgar, respectively. 

Industry 
Hamilton is the largest steel centre in Canada and a considerable number of 
secondary steel industries have been developed there. Kitchener has long been a 
centre for the manufacture of rubber products, clothing, and furniture. Numerous 
small industries are located in Cambridge. Several oil refineries are situated in 
Burlington and Oakville, and natural gas pipelines serve the major centres. 

Urban and industrial development is expanding rapidly, at the expense of 
agricultural land. Some of Ontario's finest farmland is to be found in the report 
area. The northern limit of the tobacco-growing district is near the southern edge of 
the report area. The problems created by urban development have resulted in the 
formation of several local and regional planning boards. 

Climate 

Climatic data for Hamilton and Kitchener are shown in Table 1. 

Topography 
Elevations in the report area range from that of Lake Ontario in the east, 75 m 
above sea level (a.s.l.), to more than 370 m at the top of the high hill at Centreville 
at the eastern end of Kitchener. The overall relief is about 300 m. Local relief is 
greatest along the Niagara Escarpment, and is about 120 m at Dundas and Mount 
Nemo, and 90 m at Rattlesnake Point. The elevation at the top of the Escarpment 
increases northward, altitudes above sea level being 230 m at Dundas and 300 m 
at Mount Nemo and Rattlesnake Point. Local relief is as great as 60 m along the 
Grand River valley south of Cambridge. The rest of the report area varies from hilly 
in the west and north, with relief of 8 to 30 m, to gently rolling or smooth in the 
south and east. 
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P.F. KARROW 

TABLE 1. CLIMATIC DATA FOR HAMILTON AND KITCHENER SHOWING THE 
ANNUAL AVERAGES FOR PRECIPITATION AND TEMPERATURE, 
HAMILTON-CAMBRIDGE AREA. 

Precipitation Temperature 
Total Rain Snow Maximum Minimum Mean 

mm mm mm °C °C °C 
Hamilton 786 638 148 13 3 8 
Kitchener 782 637 145 13 2 7 
'Data obtained from the Meteorological Branch of the Canada Department of 
Transport. 

Drainage 
The drainage divide between the Lake Erie and Lake Ontario Basins passes 
through the middle of the report area; it follows the crest of the Gait Moraine for 
13 km, then swings southeast toward Copetown and the head of the Dundas 
Valley. 

LAKE ONTARIO BASIN DRAINAGE 
Lake Ontario basin drainage has been divided into four drainage basins: the 
Dundas, the Lake, the Bronte, and the Oakville Basins. 

The Dundas drainage basin includes Spencer Creek, Grindstone Creek, Sulphur 
Creek, and the lower 5 km of Ancaster Creek. Sulphur Creek rises outside the 
report area in sandy morainic hills and is supplemented by sulphurous springs 
along its course; it falls from 203 m a.s.l. at the edge of the area to the level of 
Lake Ontario (75 m), thus having an average gradient of 13.6 m/km. Ancaster 
Creek falls from near 90 m to lake level at an average gradient of 3.4 m/km. 
Spencer Creek rises on the southern slope of the Gait Moraine, passes through the 
main part of Beverly Swamp, and crosses a bedrock plain to Websters Falls where 
it drops over the edge of the Escarpment; then, in a steep-walled gorge, it drops 
rapidly to Dundas where it levels out slightly and eventually reaches Lake Ontario. 
Above Websters Falls, it has an average gradient of about 2.8 m/km, between the 
base of the falls and Dundas, the gradient is about 28.3 m/km, and in the next 
5 km it is about 7.6 m/km. Grindstone Creek rises in outwash sands near Mill 
Grove and has an average gradient of 3.6 m/km to Waterdown where it drops over 
the Escarpment and falls rapidly at an average rate of more than 19 m/km over 
shale slopes; for the next 3 km it is a sluggish stream, having an average gradient 
of 2.8 m/km, and shows the effect of rising water levels in the western end of 
Lake Ontario. 

The Bronte drainage basin includes Bronte Creek and all its tributaries. The 
main branch rises north of the report area and, for the first 24 km in the area, has 
an average gradient of 2.5 m/km. At Flamboro it forms a small waterfall at the 
edge of the Escarpment; from there to its western approach to Zimmerman, it 
averages a drop of 8.1 m/km. East of Zimmerman it is deeply incised in a gorge 
cut into shale, and has a gradient of 5.7 m/km. The mouth is partly drowned by 
rising lake waters. 

The Oakville drainage basin includes Oakville Creek and all its tributaries, and 
is in two parts within the report area. The smaller part is around Campbellville and 
includes the headwaters of the west branch of Oakville Creek. The middle branch 
joins the east branch within the area near Glenorchy; the middle branch enters the 
report area at an elevation of about 183 m and drops to lake level at an average 
gradient of 6.1 m/km along a shale-walled gorge like that of Bronte Creek; the 
mouth is also drowned. 
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HAMIL TON-CAMBRIDGE AREA 

The Lake drainage basin includes three areas adjacent to Lake Ontario which 
contain numerous small streams draining directly into the lake. In the southwestern 
area, between Burlington and Bronte, the streams head in the Escarpment, flow 
down moderately steep shale slopes, and level out for the last 3 km where they 
cross the Lake Iroquois plain. The other two areas io the northeast contain several 
streams heading in the south slope of the Trafalgar Moraine and flowing down 
slopes of about 9.5 m/km to Lake Ontario. North of the Iroquois Plain their courses 
were initiated in glacial flutings in the till plain. 

In summary, then, the Escarpment dominates the pattern of stream gradients in 
the Lake Ontario Drainage Basin. Streams flow across a gently sloping rock plain 
above the Escarpment, form waterfalls where they flow over the Escarpment, drop 
rapidly down the lower shale slopes, and level out near their mouths at lake level. 

LAKE ERIE BASIN DRAINAGE 
Lake Erie basin drainage in the report area is entirely accomplished by the Grand 
River and its major tributaries, the Speed and Nith Rivers. The Grand River enters 
the area near Kitchener at an elevation of nearly 300 m a.s.l. and leaves it south of 
Glen Morris at nearly 240 m; this is an average gradient of about 1.3 m/km. Unlike 
Lake Ontario basin streams, the Grand River trends almost parallel to the bedrock 
structure, and there is no doubt that this is one of the major reasons for its low 
gradient. The meanders, upstream from Cambridge, suggest an advanced state of 
maturity; but this is only a local condition, and the meanders are due to the 
presence of a bedrock sill from Cambridge to Glen Morris. Several small tributaries 
flow into the Grand River. Among these are Schneider and Strasburg Creeks, which 
head in the Waterloo sandhills and whose average gradient is slightly greater than 
3.8 m/km, and Gait Creek, which heads in the outwash plain between the Gait and 
Paris Moraines northeast of Aberfoyle, and has an average gradient of 3 m/km. 
The southeast-central part of the Cambridge map area is drained by Fairchild 
Creek. This creek heads in the Gait Moraine, drops from about 290 m to 214 m 
a.s.l. near Troy (average gradient 3.8 m/km), and joins the Grand River south of the 
report area. 

The Speed River joins the Grand River at Cambridge. It enters the report area 
at about 300 m and drops to 267 m a.s.l. at Cambridge at an average of 1.9 m/km. 
It flows on bedrock much of the way. 

A short stretch of the Nith River winds into and out of the report area near Ayr 
and collects drainage in the southwestern corner. The only important tributary is 
Cedar Creek, which follows the abandoned channel of a glacial meltwater stream; 
it rises in outwash gravels west of Cambridge and drops at a gradient of 2.1 m/km 
to join the Nith at Ayr. 

To sum up, drainage in the Hamilton-Cambridge report area is by means of 
streams that are characterized either by steep gradients across bedrock structure 
or by low gradients parallel to rock structure. Most of the streams are in the 
youthful stage of development, and have steep-walled valleys and numerous 
rapids and waterfalls. 

Previous Work 
The Paleozoic rocks of the report area received attention early in the 19th century 
and have been the subject of many studies since. Among the earlier reports, those 
of Logan (1863) and of Williams (1919) may be mentioned as milestones. The clay 
and shale study by Keele (1924) is still an important reference; Guillet (1967, 1977) 
has recently provided an extensive review of the industry and resources. Dyer 
(1925) and Guillet (1964) described gypsum resources. A systematic remapping 
program led to the reports by Caley (1940, 1941), which also contain more detailed 
accounts of the earlier work. More recent work includes the Silurian study by 
Bolton (1957), studies of limestones by Hewitt (1960, 1964) and Hewitt and Vos 
(1972), and the Paleozoic geology map of the Hamilton area (Telford et al. 1976) 
and Cambridge area (Telford 1979). Subsurface studies by Sanford and Quillian 
(1959) and by Sanford (1961) have dealt with the Cambrian and Ordovician rocks. 
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Over the years several field trip guidebooks have included the Hamilton area; 
among those one of the most recent is that of Sanford et al. (1972), dealing 
primarily with the Silurian rocks. 

Attention was also given to Quaternary deposits at an early date. Logan (1863) 
summarized the knowledge up to 1863. Later papers by Spencer (1875, 1881, 
1882), Kennedy (1884) and van Wagner (1884) discussed the origin of the Dundas 
Valley and drift deposits of the district around Hamilton. Coleman (1937a. 1937b) 
restudied some of these features, particularly the deposits of Lake Iroquois. The 
regional physiography was treated by Chapman and Putnam (1951, 1966, 1984) 
and some modifications of the moraine study of Taylor (1913) were suggested. 
Regional studies on the history of the Great Lakes by Leverett and Taylor (1915), 
MacLachlan (1939), and Hough (1958, 1963) included parts of the present report 
area. 

All the surrounding areas, except Brampton, have been covered by systematic 
mapping of Quaternary deposits: to the north is the Guelph area (Karrow 1968), 
west is the Stratford-Conestogo area (Karrow 1971), southwest is the Woodstock 
area (Cowan 1975), and south are the Brantford (Cowan 1972) and Grimsby 
(Feenstra 1974) areas. Much additional information on the extent of deposits and 
history of glaciation has resulted. Lake Ontario underwater sediments have been 
described by Kindle (1925), Rukavina (1969), and Thomas et at. (1972). 

Pedological mapping of the soils has been carried out in the Hamilton-
Cambridge area by the Canada Department of Agriculture (Wicklund and Richards 
1961; Hoffman et al. 1963; Presant et al. 1965, Gillespie et al. 1971; Presant and 
Wicklund 1971). Urban geology and geotechnical data compilation has been under 
study in the Kitchener (White et al. 1975; Fenton 1977) and Hamilton (Morin 1975, 
1976, 1978) areas. 

Specific findings of these various studies and others will be mentioned under 
the appropriate sections of this report. 

Field Work 
All of the Hamilton map area and part of the Cambridge map area were mapped in 
the summer of 1958; the Cambridge map area was completed during 1959. This 
work consisted of the examination of cuts and excavations, soil augering, test 
pitting, and the study of lake bluffs and stream banks. In studying the areal 
distribution of deposits, only those deposits 3 feet or more in thickness were 
delineated. In addition, over 1300 water wells were checked for location to learn 
about the thickness of the drift and shape of the bedrock surface. In 1960, profiles 
were run on the raised shorelines in order to measure the amount and direction of 
differential uplift and to help correlate data with those of other areas. Some of the 
results of that work have been published (Karrow 1959, 1961, 1963; Karrow et al. 
1961). In subsequent years additional data were gathered from excavations and 
wells, particularly in the district in and around Kitchener. 
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Paleozoic Geology 
ORDOVICIAN 
Two shale formations of Upper Ordovician age underlie the area east of the 
Niagara Escarpment (Telford et al. 1976). The older of these is the Georgian Bay 
Formation, which is exposed along Lake Ontario and some of the creeks between 
Oakville and Clarkson. It is believed to extend as a subcrop as far west as Dundas 
in the walls and bottom of the Dundas buried valley. It is a dark grey shale with 
arenaceous bands. The Georgian Bay Formation is about 185 m thick in the 
subsurface. The younger of the two units is the Queenston Formation, which 
consists of red mudstone with green siltstone bands; occasionally, green colouring 
is present also along joints. The Queenston Formation is exposed extensively 
between Oakville and Hamilton along the Lake Ontario shore (Photo 1), and along 
Oakville, Bronte, Grindstone, and Spencer Creeks. One outcrop appears on the 
south side of the Dundas Valley along Chedoke Creek. Abundant ripple marks and 
mud cracks are visible where the bedding planes are exposed along the lakeshore. 
Near the base of the formation, there are fossiliferous limestone bands that are 
exposed near Oakville. Caley (1940) reported a thickness of about 150 m for the 
formation. 

The Ordovician shales have a low westward dip and have not, apparently, 
been technically disturbed. Contortions, folds, and faults were noted at several 
places, however. A list of these is shown in Table 2 and one is shown in Photo 2. 

These disturbances vary in appearance and it is difficult to understand their 
origin. Because it was seen in several cases that the disturbance faded out 
downward, it was concluded that the disruption came from above. These features 
are now considered to be stress-relief phenomena (White et al. 1974). The 
Hendershot Paper Products locality (lot 5, concession III S.D.S.) is interesting 
because the folding is evident on the ground surface as a 1 km long ridge of 
shale, 1 m or so high, trending nearly east. A few similar ridges are present in the 
vicinity, but their internal structure was not seen; all are located on the Lake 
Iroquois plain, and there is no drift on top of the shale. The structure near Ash 
Station is a thrust fault with a vertical displacement of about 0.5 m; it strikes north 
and dips about 30°E. 

Some of these structures were noted and described by Wilson (1902) and 
Caley (1940). 

SILURIAN 
All the other bedrock of the report area is of Silurian age. Several thin formations 
are exposed only in the face of the Escarpment (Bolton 1957). In ascending order, 
they are: the Whirlpool Formation (grey sandstone, about 3.7 m thick); Cabot Head 
Formation (grey shale and some red sandstone, about 10.4 m thick); Grimsby 
Formation (red shale and sandstone, about 3.7 m thick); Thorold Formation (grey 
sandstone, 4 m thick); Reynales Formation (grey dolostone, 3 m thick); Irondequoit 
Formation (white crinoidal limestone, about 1.8 m thick); and Rochester Formation 
(black shale, 1.5 m thick at Dundas, pinching out northward). Capping the Escarp
ment is the Lockport Formation, consisting of white, grey, and brown dolostone, 
and having a total thickness of about 30 m. North of Waterdown, this unit grades 
into the Amabel Formation, which is characterized by extensive reef development. 
The next younger unit is the Guelph Formation, consisting of cream-coloured 
crystalline dolostone (Caley 1941), and averaging about 76 m in thickness. It 
outcrops extensively in Flamborough Township (formerly Beverly Township) where 
it forms an exposed bedrock plain; other outcrops of it are seen along the Grand 
and Speed Rivers. The Guelph Formation is overlain by the Salina Formation, the 
youngest unit of the report area, but the nearest outcrops of the Salina Formation 
are south of the report area at Paris. The Salina Formation consists of alternating 
brown dolostone and grey shale with lenses of gypsum (Photo 3), its thickness is 
about 122 m. 

Like the Ordovician rocks, the Silurian rocks dip gently westward and show no 
tectonic disturbance. One possible exception is several small faults observed in 
the quarries of Canada Crushed Stone, at Dundas. These faults are vertical and 
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Photo 3. Salina Formation, Grand River south of Paris. 

TABLE 2. OCCURRENCES OF DISTURBED BEDROCK, HAMILTON-CAMBRIDGE 
AREA. 
Vicinity Lot Concession Site 
Former Toronto 
Township 

34 IV S.D.S. Lake Ontario shore, 0.5 km 
east of Town Line. 

Oakville 6 1 S.D.S. 0.8 km west of OEW on east 
bank of Joshua Creek (Photo 
3). 
0.5 km northwest of Highway 
2. 

Oakville 20 Ill S.D.S. 

0.8 km west of OEW on east 
bank of Joshua Creek (Photo 
3). 
0.5 km northwest of Highway 
2. 

Oakville 20 Ill S.D.S. North side of Highway 2. 
Oakville 22 B.F. Lake Ontario shore 3.2 km 

west of Oakville Creek. 
Oakville 31 III S.D.S. South side of QEW. top of 

east bank of Bronte Creek. 
Burlington _ 5 Ill S.D.S. Hendershot Paper Products, 

railway cut. 
Burlington 3 II N.D.S. 1.6 km west of Ash Station, 

south side of creek. 
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strike southeasterly and northeasterly; all movement is strike slip. The zone of fault 
gouge, 0.3 to 0.6 m thick, is mineralized with sulphides. The low arches or 
anticlines that are common in the Amabel and Guelph Formations owe their origin 
to initial dips over reef ridges and domes. Particularly good examples of the 
arching beds can be seen along Highway 8 near Sheffield and west of Campbell-
ville along Highway 401. In the latter case, glacial ice has plucked away the 
west-dipping beds (on the lee side of the reef) and preserved the east-dipping 
beds. 

A probable example of a pressure-release phenomenon was reported 2 km 
north-northeast of Westover. In 1949, mainly during one night, but continuing for 
one or two days, two cracks opened in the soil for a length of 100 to 200 m; one 
crack was about 10 cm wide. At the same time, the rock was lifted to form a ridge 
1.3 m high, and was tilted about 20°, damming up a stream. Trees and a small 
bridge were lifted vertically. Two channels had to be blasted through the rock to 
drain away the water. The temporary diversion channel of the stream can be seen 
on a topographic map of the Cambridge area (Map 2509, back pocket). 

ECONOMIC GEOLOGY 
The Queenston Formation is exploited as a source of raw materials for clay 
products at Aldershot and Tansley, near Milton, and at Hamilton. The red shale 
weathers rapidly, forming a residual soil of clay that is useful in the manufacture of 
clay products. More details are given by Keele (1924), and new studies of the clay 
and shale industry by Guillet (1967, 1977) have appeared more recently. 

Several quarries are operated in the Silurian dolostones near Greensville, 
Mount Nemo, Westover, and Glenchristie. Reports by Hewitt (1960, 1964) and 
Hewitt and Vos (1972) give details of these operations. Abandoned quarries are to 
be found near Dundas, Rockton, and Gait. The active quarries are among the 
largest producers in Ontario. 

A few scattered wells have been drilled for oil and gas. Dyer (1925) indicated 
the probable presence of gypsum in the zone along the western edge of the report 
area. A new mine has been opened near Drumbo, southwest of the area. Gypsum 
deposits were formerly worked at Paris, just south of the report area. The gypsum 
industry has been reviewed by Guillet (1964). 

BEDROCK TOPOGRAPHY 
Bedrock topography maps are being made available separately from this report 
(Karrow 1963; Miller et al. 1979). Interpretations are based on information from 
water wells drilled to rock, and on innumerable bedrock outcrops. Topographic 
contours were applied directly to the bedrock in outcrop areas. Regional bedrock 
topography studies have been reviewed by Karrow (1973). 

Interpretation of water-well logs is subject to some uncertainties. In areas 
underlain by shale, particularly of the Queenston Formation, drillers sometimes fail 
to recognize bedrock until they hit one of the hard siltstone layers; this may be as 
much as 3 m below the bedrock surface. In many places, the shale grades upward 
through a zone of increasingly disturbed material into undisputed till. In other 
places, a few metres of soft weathered shale lie on top of the sounder solid rock. 
In areas underlain by dolostone, large boulders may be mistaken for bedrock, and 
a spuriously high elevation for bedrock may be recorded. Because surface eleva
tions at water wells have been simply estimated from topographic contours, the 
estimated elevations may be in error by as much as 3 m. 

In spite of these uncertainties, however, it is felt that the contours, as drawn, 
provide a reasonably good interpretation of the bedrock surface; the reliability of 
the contours may be judged from the density of data used to draw them. Contours 
along the northwest, and south edges of the area are derived, partly, from data 
collected in the Stratford, Guelph, and Brantford map areas. 

East of the Escarpment, there are only two buried valleys of note. The smaller 
of these is near Palermo and probably represents an earlier course of Bronte 
Creek. It is probably the continuation of a valley that heads near Strabane and 
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North South 

Figure 2. Buried valley in Queenston Formation and filled with sand and gravel; 
Bronte Creek north of Queen Elizabeth Way 

passes northeast through Cedar Springs and Zimmerman. Near Palermo it is a 
steep-walled gorge, more than 30 m deep, cut into the red shale of the Queenston 
Formation. Stratified sand and gravel, which fill the gorge south of Palermo, can be 
seen in the east bank of a small creek 1.5 km southeast of Palermo, where it 
underlies till attributed to the last ice advance, and where the valley joins Bronte 
Creek 0.8 km northwest of the Queen Elizabeth Way. At the latter locality the 
erosional unconformity on top of the shale can be seen (Figure 2). The lower part 
of the gravel has become cemented into a hard sandstone by percolating ground
water. At one place, erosion by a spring has resulted in the formation of a small 
cave in the semi-consolidated sediments; this cave is known as Mackenzie's Cave 
and is reputed to have been an overnight hiding place for William Lyon MacKenzie 
during his flight from Toronto in 1837. The cave, therefore, has been known to 
exist for at least a century; its walls, however, are in compact, but soft, material 
and must be regarded as somewhat dangerous. This cave was referred to by 
Weber (1960) as having been formed in a sandstone lens in the Queenston 
Formation; the author believes the sandstone to be of Late Pleistocene age. Fulop 
(1967) has applied geophysical methods to the study of the valley. 

The Dundas Valley, in which Hamilton and Dundas are situated, contains the 
major buried valley east of the Escarpment and forms a prominent, re-entrant in the 
Escarpment. Borings from Burlington Bar have penetrated 137 m without reaching 
bedrock; bedrock is believed to be about 180 m below lake level and, therefore, 
about 105 m below sea level. Along the axis of the valley east of Copetown, no 
borings reach bedrock. The extension of the buried valley has been traced 
southwestward into the Brantford map area (Karrow and Sprague 1975) where it 
has been found to connect with the Grand River valley. Spencer (1881) postulated 
that the Dundas Valley was a preglacial outlet for Lake Erie, but present data do 
not support this theory. The valley was probably cut by an earlier Grand River and 
deepened by glacial action. The valley is asymmetrical and has a broad bench on 
the south side, on which Hamilton is situated; the origin of this bench is unknown. 

There are a few other notable features east of the Escarpment. Extending east 
from Mount Nemo is an intermittent ridge in the Queenston Formation. It is directly 
in line with a ridge on the west side of the Escarpment; the end of this ridge forms 
Mount Nemo. The crest of the lower ridge is 170 to 176 m a.s.l., and is about 15 m 
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type helped to create, and still control, the drainage pattern over an area of several 
square kilometres north of Sheffield. 

An area of bedrock solution occurs 3.2 km southwest of Hayesland. Foxhole-
sized cavities and widened joints have created an area pocked with small sink
holes. Such features are relatively rare in the dolostone rock of the region. The 
area around Crawford Lake also shows some evidence of karst development; it 
has even been suggested that Crawford Lake is a sinkhole (Dean et al. 1974) 
although its depth is such as to make it difficult to explain solely as a solution 
feature. Solution cavities are also encountered occasionally in the dolostone in 
quarries at Glenchristie. 

The age of the various valleys cut into the bedrock is unknown. Probably they 
were developed at various times before, during, and since glaciation. It is difficult 
to reconcile the time of the development of some of the valleys except with that 
period during which the Escarpment was still a considerable distance farther east, 
perhaps as long ago as Late Mesozoic time. One of the valleys, whose time 
reconciliation is difficult, is southeast of Campbellville; it has isolated a part of the 
Escarpment and formed the Milton outlier. A major obstacle to the deciphering of 
the history of these valleys is the lack of exposures of, and reliable borings into, 
the materials filling them. In addition, inadequate well-density makes the tracing of 
their courses difficult. Major re-entrants in the Escarpment have been interpreted 
by Straw (1968a) as having been caused by intensive glacial erosion. Although 
varying degrees of intensity of glacial erosion are involved, it appears that valley 
cutting at least became well established through stream erosion, with later modi
fication of the topography by ice action. 
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Cenozoic Geology 
Quaternary 
GEOMORPHOLOGY 
The Hamilton-Cambridge report area contains examples of most types of 
glaciofluvial, glaciolacustrine, and glacial deposits and landforms. Many of these 
have already been mapped and described by Chapman and Putnam (1951, 1966, 
1984). In the present report, each type of landform is described in the presumed 
order of development, the oldest landforms first and the youngest last. 

Till Plains 
Two till plains are present in the report area: the older is near Kitchener and is 
composed of older sandy tills (Wentworth Till and Port Stanley Till); the younger 
and more extensive is east of the Escarpment and is formed of a younger silty till 
(Halton Till). 

The Wentworth-Port Stanley Till plain generally consists of a thin sheet of till 
lying as a veneer over older deposits. Where the older deposits are exposed, they 
are, in most cases, composed of outwash gravels. These older deposits were flat 
surfaced before being overridden; the present landform is an inherited one. Small 
areas fitting this description occur west of the Grand River, north and east of 
Kitchener, and southwest of Cambridge. 

The Halton Till plain, whose surface varies from gently undulating to rolling, is 
a sheet of till, up to 12 m thick, resting on shale bedrock. It is best developed east 
of the Escarpment between the Lake Iroquois shoreline and the Trafalgar Moraine. 
It is characterized by being fluted or grooved east-west by the ice that deposited it 
(Photo 5). Superimposed on the fluting is an intricate system of low ridges that 
appears to represent ablation deposits. Similar features have been described by 
Watt (1957) in North York Township (now the City of North York). The surface was 
likely developed in two stages: plastering and fluting during active ice movement; 
and ablation during ice stagnation. Vague traces of this topography are also 
present north of the Trafalgar Moraine, but the original features were largely 
covered or removed by lacustrine action during the existence of Lake Peel. 

Drumlins 
Of the Port Stanley Till and Wentworth Till that is not in end moraines, much is in 
the form of elongate-oval rounded hills called drumlins. Most of these have been 
included in the Guelph drumlin field by Chapman and Putnam (1951). Actually, 
they may be divided into three categories: large drumlins, from 0.4 to 3.2 km long, 
and 15 to 38 m high, found between Rockton and Campbellville; small drumlins, 8 
to 23 m high and 0.3 to 1.2 km long, occurring between Sheffield and Puslinch on 
the east side of the Gait Moraine; and low drumlins of the Guelph field proper, 8 to 
15 m high and 0.5 to 1.6 km long, occurring in the triangle between the Paris 
Moraine and the Grand River north of Cambridge. One drumlin is of particular 
interest because it projects through outwash gravel; it lies between the Gait and 
Paris Moraines, 2 km south of Aberfoyle, and for several years has been a 
landmark to travellers along Highway 401 because of the Schneider's sign on its 
crest. 

An unusual feature of many of the drumlins east of the Gait Moraine is the 
presence of wave-cut terraces on their ends (Photo 6). The origin of this feature is 
discussed later (under the heading Abandoned Shorelines). In all, nearly 200 
drumlins have been mapped; only 18 of these are west of the Gait Moraine. 

End Moraines 
Parts of 17 end moraines have been identified in the report area. They vary greatly 
in character, from rough, hummocky accumulations of gravelly till and sand, to 
gently undulating ridges of silty till. Some of the moraines were previously un
named. Only one of the moraines, the Gait Moraine, forms a continuous ridge 
across the entire report area; correlation of the other fragments of moraines is 

16 







P.F. KARROW 

Breslau Moraine has been proposed (Karrow 1963) for this feature; it probably 
marks a rather short-lived position of the ice front. 

The Paris Moraine (Taylor 1913) is the next youngest moraine and consists of 
a belt of hummocky till and sand extending northeast from Cambridge to the edge 
of the report area. A definite belt of moraine was not found to the southwest; 
instead, a belt of pitted outwash and occasional kames seems to mark the former 
ice margin west of the Grand River. Perhaps part of the moraine is buried by deep 
deposits of outwash sand and gravel. Kames are numerous in the till moraine to 
the northeast. The till in the Paris moraine is the sandy Wentworth Till. One 
exposure near Puslinch Lake revealed till that was almost entirely sand reworked 
from underlying stratified sand: only the lack of bedding, occasional granules, and 
greater compactness suggests that it is till. The Paris Moraine is broken up and 
spread out near the Speed River but forms a more distinct moraine belt near 
Aberfoyle. Kettles and kettle lakes are common along the Paris Moraine; some of 
the more prominent kettle lakes include Puslinch Lake, Bannister Lake, and 
Pinehurst Lake. It is evident from the numerous kettles and kames that there was 
abundant meltwater flowing off stagnant ice when the Paris Moraine was built. 

Northwest of Hespeler an area of hummocky sandy till has been included in 
the Wentworth Till and the Paris Moraine. More detailed analysis by A. Straw, 
University of Exeter, has led him to suggest (personal communication, 1983) a 
separate event for this feature, which he proposes to identify as a separate 
moraine to be described in a forthcoming publication. 

The only continuous moraine across the report area, and the most prominent 
one, is the Gait Moraine (Taylor 1913). It extends as a belt of rough, hummocky 
Wentworth Till from the southern edge of the report area at Glen Morris, to the 
northern edge of the report area near Aberfoyle. It is generally separated from the 
Paris Moraine by a narrow outwash plain up to 3.2 km wide. Kame deposits are 
uncommon, as are kettles and kettle lakes; therefore, it is concluded that less 
meltwater was available and that perhaps the climate was slightly cooler. Taylor 
(1913) stated that the Gait Moraine was not the correlative of the Wyoming-Port 
Huron Moraine, but, rather, was older; Chapman and Putnam (1951) considered 
them to be correlative. Recent mapping by others south of Georgian Bay tends to 
support Taylor's contention (Sharpe 1978). 

Two parallel, rather small, fragmentary moraines composed of Wentworth Till 
are situated about 3 km east of the Gait Moraine. They are named the Moffat 
Moraines (Karrow 1963) after the settlement just north of the report area. They 
enter the area from the north as sinuous simple ridges about 3.2 km long. A few 
small fragments mark their course south to Puslinch, where a larger mass, 3.2 km 
long, is found. After a gap of 3.2 km, another hummocky area trends for about 
3.2 km through Valens. These moraines undoubtedly represent very brief halts 
during the retreat of the ice from the Gait Moraine. Extensions to the north and 
south have been mapped by Straw (1968a) and Cowan (1972). 

Waterdown Moraines is the name applied (Karrow 1963) to a group of seven 
morainic ridges that parallel the edge of the Escarpment from north of Dundas to 
Mount Nemo. Not all are continuous for this distance. The older and more westerly 
moraines are generally smoother and are mostly covered with sand because of the 
reworking by the waves of glacial lakes. All are narrow ridges and most are 
composed of silty till (Halton Till). Only one moraine has been found along the 
edge of the Escarpment north of Kilbride. This group of seven morainic ridges has 
been given a new name, Waterdown Moraines, because of the difficulty of 
correlating individual ridges with the previously named Fort Erie, Niagara Falls, and 
Vinemount Moraines of the Niagara Peninsula, with which the group is correlated. 

The youngest moraine in the area is the Trafalgar Moraine (Chapman and 
Putnam 1951) which extends as a low ridge from Nelson to Trafalgar. It, also, is 
composed of silty Halton Till. It nearly coincides with the bedrock ridge already 
described but, as it is truly a thickening of the till, can be accepted as a moraine. 
Prominent flutings in the till and ablation patterns are absent north of the moraine, 
where shallow sand and varved clay deposits overlie the till. This boundary 
between lacustrine features north of the moraine and glacial features south of the 
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moraine indicates that Lake Peel, as it is called, was dammed by ice standing at 
the Trafalgar Moraine. Upon the retreat of the ice from this moraine, the lake was 
drained. 

Outwash Plains and Terraces 
During the melting of the ice, vast quantities of meltwater carried sand, gravel, silt, 
and clay away from the glaciers. The coarser materials were deposited near the 
ice and the finer sediments were carried into the quiet waters of lakes where they 
settled out to form lake plains. Outwash gravel and sand are characterized by level 
to undulating surfaces marked here and there by stream channels and sometimes 
by kettles where stranded ice blocks melted. 

In several places there are outwash fans in small re-entrants in the front edge 
of the moraines probably marking the termination of creases in the ice surface, 
which would tend to collect meltwater. Sometimes kames are associated with these 
minor re-entrants. The position of the gravel fans indicates the direction of the ice 
movement. In almost all cases in this area the fans are on the northwestern side of 
the moraines, indicating the direction of the flow of ice out of the Lake Ontario and 
Lake Erie basins. 

As the sand and gravel were transported farther from the ice, their sorting 
improved, and the rounding of the pebbles increased. Therefore, the more uniform 
gravels are to be found along the major meltwater channels rather than in outwash 
plains immediately in front of moraines. 

The greatest bulk of outwash deposits appears to be associated directly or 
indirectly with the Paris and Gait Moraines. Extensive sheet and channel deposits 
of gravel occur at several levels west of Cambridge; the establishment of the 
relationships between the various levels will require more detailed work. Prominent 
outwash terraces exist along the Grand and Speed Rivers, and an outwash plain 
separates the Gait and Paris Moraines between Killean Station and Aberfoyle. 

Outwash gravels are also to be found near Campbellville and Cedar Springs 
along the edge of the Escarpment where drainage was confined between the 
Escarpment and glacial ice to the east. This channel carried meltwater from farther 
north about the time the Waterdown Moraines were forming. Farther southwest the 
gravels grade into deltaic and shallow-water lacustrine sands. 

Intimately associated with the meltwater deposits are the drainage channels 
sometimes referred to as spillways. Probably the oldest of these in the area is a 
shallow channel, about 6 km long, occupied by a tributary of Schneider Creek. It 
was probably active when the ice stood at the Breslau Moraine blocking the 
present Grand River valley. After an ice retreat of 2 or 3 km, the channel was 
abandoned and drainage was transferred east 3 to 5 km. 

Probably the next oldest channel is that which was used when the ice stood at 
the Paris Moraine. Ice-marginal meltwater drainage came down the Speed River 
valley and joined with the Grand River at Cambridge, as it does today, but then 
continued southwest to the Nith River valley along a valley now occupied by the 
underfit stream, Cedar Creek. According to Chapman and Putnam (1951), these 
waters found their way into the Thames River valley. Probably when the ice stood 
at the Gait Moraine, drainage had shifted to the present Grand River valley south of 
Gait, depositing the thick gravel beds now found in the vicinity of Breslau, 
Cambridge, and Glen Morris. 

The last major meltwater system was along the Escarpment at the time of the 
building of the Waterdown Moraines. Many channel segments were occupied at 
different times. Firstly, water passed southward, west of the Milton outlier, through 
Crawford Lake, over a now-abandoned waterfall, and through a 1km long gorge cut 
into the edge of the Escarpment, west of Kilbride, and southwest toward Peters 
Corners. The relationship to glacial lakes at that time is not clear, but there are 
indications that the higher lakes had been drained. When the ice retreated slightly, 
the waterfall and the Crawford Lake channel were abandoned; meltwater then 
shifted its course 2 km east, still passing by Kilbride, but eventually taking a 
course along the partly buried gorge by Lake Medad. Several channels among the 
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Waterdown Moraines functioned at various times, feeding meltwaters southwest 
toward glacial lakes. With further retreat of the ice, channels along the Escarpment 
ceased to operate, and Lake Peel was formed below the Escarpment. 

Kames 
Kames are irregular accumulations of partly sorted glacial debris deposited at the 
edge of the ice. Melting of the ice later caused partial collapse of the heaps of 
sediment, but in some places the ice-contact faces can be seen only partially 
modified. Examples of this have already been mentioned in descriptions of the 
kames near Doon and Centreville. 

Kames are to be found mainly between Doon and Centreville, northwest of 
Glen Morris, between Glenchristie and Campbellville, and between Flamboro and 
Freelton. Gravel pits have exposed the internal structure of the kames in several 
places. Irregular grain size, sorting, and bedding, and collapse faults are char
acteristic features. Frozen inclusions, which are boulders of unconsolidated sand 
likely frozen at the time of deposition, were noted in a kame near Campbellville. 

The surface of a kame is usually very rough and hummocky (Photo 7). The 
coarseness of materials constituting kames has permitted the steep depositional 
slopes to be preserved; more clayey materials have slumped down. The author 
used topography as the main basis of distinction between kame and outwash 
deposits. 

Kettles 
When ice blocks melt after having become stranded and partly or completely 
buried by outwash deposits, a depression, called a kettle, is left. There are, 
undoubtedly, hundreds and perhaps thousands of these kettles in the report area. 
When they are sufficiently concentrated in an outwash plain, a "pitted outwash 
plain" is recognized; examples of this are to be found southwest of Cambridge. 
More commonly, however, kettles are scattered and exist in small groups or as 
single depressions. Some particularly fine examples are to be seen: 4 km south
west of Cambridge along Highway 24A; 1.6 km southwest of Glen Morris; at the 
eastern edge of Ayr; and 2.4 km south of Blair. 

When kettles extend below the water table, the resulting body of water is 
called a kettle lake. A few have already been referred to in the discussion of 
Moraines. Many of these lakes are being filled slowly with slopewash sediment and 
by accumulation of bog and swamp deposits. 

Eskers 
About a dozen eskers have been identified in the report area. Almost all are small 
discontinuous ridges (Photo 8) of stratified sand and fine-to-coarse gravel. They 
mark the courses of subglacial meltwater streams formerly confined in tunnels and 
between walls of ice. 

The longest feature in this report area that can be considered as a single esker 
is about 12 km long, and is one of a group of four centred around Freelton. The 
highest esker is probably the one northwest of Cambridge and has a length of 
about 5.6 km and a height of 15 m. Most of the other eskers are only 3 to 6 m high. 
Straw (1968b) has interpreted the largest esker at Freelton as having been formed 
under an isolated stagnant ice mass with meltwater flow to the southeast. 

That eskers are usually associated with kame deposits is not surprising, 
because both originated during ablation of stagnant ice. Kames and eskers grade 
into one another; both are ice-contact deposits. Because eskers also form near the 
ice, they too are characterized to some extent by rapid changes in sorting and 
stratification, but they tend to show greater uniformity than kames. 

Lake Plains 
During the retreat of the last ice sheet, lakes were formed either in depressions on 
the land surface or in front of the ice because of blocked drainage. As the ice 
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elevation of 180 to 190 m. A small deposit of gravel north of Lowville is probably a 
delta formed at the margin of Lake Peel; it has an elevation of about 198 m. 

The third and youngest large lake plain has the lowest elevation and originated 
during the existence of Lake Iroquois. It lies as a belt about 3 km wide around the 
edge of Lake Ontario. It is underlain by stratified, fine silty sands, and extensive 
exposures of weathered red mudstone of the Queenston Formation. Part of the old 
lake plain was isolated by the development of a beach bar; this lagoonal plain 
extends under Westdale and West Hamilton at elevations of about 100 m. The rest 
of the plain rises from Lake Ontario (75 m) to the Iroquois shoreline (about 114 m). 
Hamilton and Burlington are situated on part of this lake plain. 

Two other areas of lake plain have been noted, and both are small. The first is 
about 3 km southwest of Mill Grove between two ridges of the Waterdown 
moraines. It is at an elevation of 252 m and is believed to be, at least in part, 
contemporaneous with the lake plain to the west. The second small lake plain has 
an elevation of about 282 m and is located just south of Mount Nemo; it is believed 
to be intermediate in age between the two large lake plains. 

Abandoned Shorelines 
The attention of the author was drawn to the abandoned shorelines in Flamborough 
Township (formerly Beverly Township) early in the summer of 1958 by the late 
Professor H.R. Thompson of McMaster University. There was little reference to 
these features in published literature, and little was known about them. During the 
course of field work in 1958, 1959, and 1960, their extent, elevation, and tilt were 
determined, and correlations were made with known lake stages of the Lake Erie 
basin. 

Leverett and Taylor (1915) indicated the presence of Lake Whittlesey and Lake 
Warren in the area, although no mapping of shorelines was recorded. MacLachlan 
(1939) traced the Whittlesey shoreline to the vicinity of Brantford and stated: "No 
evidence of the Whittlesey shoreline has been located on the inner slope of the 
Gait moraine." 

MacLachlan (1939) was successful, though, in tracing the Warren shoreline: 
"Beyond Brantford to east of Gait the general location of the shoreline is 
indicated by a change in slope from the flat land of the lake plain to the more 
uneven topography of the Gait moraine or the till plain which adjoins it. 
Detailed study of the shore was not attempted but its position was mapped 
with a fair degree of accuracy. From three miles northwest of Brantford its 
course is northward to about one mile east of Blue Lake where it turns nearly 
eastward to the northern limits of St. George, thence in general following a 
northward direction to about four miles southeast of Gait. . . . Southeast of Gait 
the location of the shoreline is close to, but a little above, 850 feet as 
indicated by the position of the 850-foot contour line on the Gait topographic 
sheet. . . . From four miles southeast of Gait, Warren shore turns eastward and 
continues with failing strength south of the drumlin area of Wentworth County 
toward Waterdown. Along the northeast margin of the lake, shoreline features 
are poorly defined, and no attempt at continuous tracing of the shore was 
made". 
Brantford, Blue Lake, and St. George lie south of the present report area. 
Chapman and Putnam (1951, p.71) reached conclusions similar to those of 

MacLachlan (1939) in tracing the Whittlesey shore to the Paris district, and the 
Warren shoreline to the vicinity of Branchton; they state that "good beaches 
appear between Paris and St. George, but at 830' A.T., which is somewhat higher 
than expected of a Warren beach." On their physiographic map of the area they 
(Chapman and Putnam 1951) show a vaguely defined shoreline in a position 
similar to that described by MacLachlan (1939), swinging north of Sheffield, south 
of the drumlins, and northeast toward Flamboro. On their map of shorelines, they 
show it extending to the vicinity of Campbellville. 

In summary, previous work has indicated the presence of a vaguely defined 
shoreline, skirting the drumlins, that has been called the Warren shoreline; it 
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follows closely the 850-foot contour. Thompson (personal communication, 1958) 
compared these shorelines (Figure 3). No record of any higher shoreline existed. 
Since the completion of the field work for this present report, a detailed study of 
the various abandoned shorelines in Flamborough Township became the subject of 
a thesis by Horton (1961). His map shows an upper-level lake and a lower-level 
lake: he says that either both are Warren, or that the upper is Arkona or Whittlesey 
and the lower is Warren. Horton's study is based on the study of air photographs 
and field tracing in greater detail than was attempted for this present report. 
Extension of the work southward into Brant County was described by Ryder (1963). 

In this present discussion, the shore features involved consist of wave-cut 
benches and bluffs, and wave-built sand and gravel bars. They are best developed 
on the more exposed drumlins (see Photo 7), which were subjected to stronger 
wave attack from a greater stretch of open water. One interesting case is the 
construction of a tombolo bar connecting a wave-notched drumlin to a drumlin 
truncated by wave erosion (Photo 10). This is to be found in lot 36, concession VI, 
Flamborough Township, 2.4 km east of Westover. In many cases, small cones of 
gravel have been deposited on the north side of the drumlins at the edge of 
wave-cut benches eroded by waves coming in from the south. In this, the author of 
the present report differs from Horton (1961), who interpreted these features as 
kames. 

There are two main water levels recorded by the shorelines. The upper one, by 
far the most prominent, slopes from about 282 m a.s.l. near Freelton to about 265 m 
near St. George, an average of 0.8 m/km, along a line of maximum tilt at N20°E. 
The lower one slopes from 265 m a.s.l. near Strabane to about 255 m near St. 
George (by extrapolation), an average of 0.5 m/km. Various other levels were 
recorded above and below the lower shoreline. The shoreline of the upper lake 
has been extrapolated on the basis of determined elevations; a map of the 
northeastern part of this lake is shown in Figure 4 (Chart A, back pocket). 
Comparison of the elevations of the two lake levels with those reported by 
Chapman and Putnam (1951) and by MacLachlan (1939) showed that the upper, 
more prominent one is the shoreline of Lake Whittlesey and the lower one is the 
shoreline of Lake Warren. Beaches suggestive of upper and lower Warren strands 
are present in a few localities. At St. George, two beaches much lower than the 
Warren beach are to be found south of Highway 5. These beaches may be of the 
Grassmere and Lundy stages. The points of determined elevations are shown on 
Figure 4. Although an attempt was made to trace the shorelines to the south, only a 
few dubious features were found along the Gait Moraine south of Brantford and 
these had a uniform elevation of 264 m; there seems to be no ready explanation 
for this. Profiles of the points of known elevation and reconstructed water planes 
are shown in Figure 5. Further information on the Brantford area can be found in 
the work of Ryder (1963) and Cowan (1972). 

The figures for slope and direction of maximum tilt can be checked for 
reasonableness with the work of others; the elevations given in the present report 
are for places situated in a small area, so that the chance of error is considerable. 
Data given by Goidthwait (1910), for Lake Algonquin, extrapolated to this area, 
show a tilt of about 0.2 m/km in the direction N21°E. Coleman's data for Lake 
Iroquois show a tilt of 0.4 m/km at N20°E. Generally, it can be assumed that the 
age of a raised beach is in proportion to the amount of tilt; figures resulting from 
the present study give a close agreement on the amount of tilt and the direction of 
maximum tilt. Both Lake Algonquin and Lake Iroquois are somewhat younger than 
Lakes Warren and Whittlesey. 

The elevations of beach features were determined from plane-table profiles 
and slopes. Elevations at road intersections, cross checked with nearby corners, 
were used as benchmarks. As much as possible, shoreline elevations were 
determined on wave-cut benches at the level of maximum curvature of the slope of 
the ground; in many cases, this level was only vaguely defined. The actual water 
level in the lake is, therefore, within 1 or 2 m of the levels determined by 
surveying. 
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Figure 3. Eastern half of Cambridge map area, showing general physiography 
and drainage, and relationship of Warren shorelines located by MacLachlan 
and by Chapman and Putnam to 850- foot and 925- foot contour lines. See 
Map 2509 in back pocket. 
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shoreline is evident mostly along an erosional bluff located about 3.2 km north of 
Lake Ontario cut in Halton Till, Queenston Formation, or occasionally, sand. Small 
bars are also to be found west of Oakville and near the industrial plant of Ford of 
Canada along the Queen Elizabeth Way. The shoreline rises gradually to the 
northeast to almost 122 m near Clarkson (just northeast of the report area). 

From this, it can be seen that the abandoned shorelines are all tilted at various 
angles, depending mainly upon their age; the tilt is believed to have been caused 
by isostatic rebound of the land during and after glaciation. The great weight of 
glaciers thousands of metres thick had depressed the land surface, more to the 
north where the ice was thickest and less in the south at its margin. After the ice 
melted away, the land "bounced back", tilting what had originally been horizontal 
shorelines. Detailed studies of lake levels during the past century have shown that 
this tilting is continuing (Price 1954), but at a much reduced rate. All north-south 
slopes have been slightly modified; consequently, northerly flowing streams have 
had their gradients decreased, and southerly flowing streams have had theirs 
increased. The southward slope of the Warren-Whittlesey lake plain has been 
increased by about 0.6 to 0.8 m/km. 

Stream Terraces 
When the ice had retreated far enough to the east, the rivers began to be fed 
mainly by rainfall instead of meltwater. It is not obvious, in studying the stream 
valleys, which terraces were formed during glacial time and which were formed in 
postglacial time. When the glacial lakes of the Lake Erie basin were drained, 
however, a much lower base level (the level below which a stream cannot erode) 
was established for the Grand River, and downcutting was rapid. Terraces were 
developed at lower levels as parts of the river matured and began to erode 
laterally instead of downward. Bedrock has greatly reduced downcutting along the 
Speed River and parts of the Grand River, and some modern floodplain has been 
developed; there is no doubt that detailed surveying of terraces along the Grand 
River and its tributaries would yield a more complete picture of this sequence. 
Several terraces exist also along the Nith River. 

The base levels of large streams east of the Niagara Escarpment are con
trolled by water in the Lake Ontario basin. Bronte Creek has two areas of modern 
floodplain: one is upstream from Zimmerman, and this developed because of 
bedrock outcrop downstream from that point; the other is south of the Iroquois 
shoreline, and this developed from the effects of a rising base level at the mouth 
of the creek where it empties into Lake Ontario. The history of Lake Ontario is 
discussed later in this report. For the present, it is sufficient to say that, following 
the drainage of Lake Iroquois by the melting of the ice dam at the eastern end of 
the basin, a low-water stage resulted, and drainage was through the St. Lawrence 
River valley. Isotatic rebound in the outlet channel has gradually raised the level of 
water in the basin to its present 75 m elevation. This rising base level has also 
brought about the development of a modern floodplain along Oakville Creek as far 
north as Glenorchy. 

Dundas Alluvial Fan 
At the mouth of the gorge that was cut into the Escarpment by Spencer Creek, 
there is a smooth fan of gravel that spreads southeast toward Cootes Paradise: 
Dundas is situated on this fan. The upper part of the fan rests in a depression, 
apparently eroded out of the grey Halton Till that forms hills to the east and west. 
The head of the fan has an elevation near 122 m, and the foot has an elevation of 
76 m, near that of the level of Lake Ontario. In other words, it extends from above 
the former level of Lake Iroquois to well below it. The Dundas alluvial fan is, 
therefore, believed to be a younger feature than Lake Iroquois, and it likely 
developed during the low-water stage that followed when stream erosion was 
probably most active. 

30 



P.F. KARROW 

Swamps and Bogs 
Wherever there is poor drainage, organic material tends to accumulate. Poor 
drainage may occur where impervious surface soil or bedrock are combined with 
level topography, or it may be caused by the presence of depressions, such as 
kettles, which have no outlet for the escape of collected water. 

The first usually produces large areas of shallow, organic soils; the second 
yields small, deep accumulations. The former tends to form swamps, where plant 
matter is broken down into muck (organic silt) by alkaline conditions; the latter may 
form swamps or bogs in which considerable plant fibre is retained. In this report 
area, most organic accumulations are of the shallow-swamp type. 

The largest area of organic terrain is Beverly Swamp, which is found in the 
northeastern part of Flamborough Township east of the Gait and Moffat Moraines. 
Smaller swamps are numerous in the area underlain by bedrock west of Mill Grove 
and south of Campbellville. Abandoned stream channels foster the development of 
swamps: examples of such development can be found north of Lake Medad, 
between Ayr and Blair, and east of Kitchener. Swamps and bogs are numerous in 
the belt occupied by the Paris Moraine and the outwash in front of the Gait 
Moraine. 

Innumerable kettles and kettle lakes are slowly being filled with organic soil. 
Examples are common along the Gait and Paris Moraines and in kettles in the 
outwash southwest of Gait. 

STRATIGRAPHY 
Although a study of landforms can reveal many details of the retreat of the last ice 
sheet, only by the examination of a great many stratigraphic sections can some of 
the previous history be discovered. These sections are to be found along stream 
banks and in lake bluffs, and may be found in roadcuts, sand and gravel pits, rock 
quarries, and other excavations. By comparing the sequence of deposits and the 
nature of the various beds, it is often possible to correlate one section with 
another. The sediments, because of their continental origin, often have been 
subject to intervals of erosion that have caused many unconformities and the 
disappearance of beds; such unconformities and irregularities become evident to 
the observer only after prolonged study of numerous sections. 

Because the ice retreated from west to east, the oldest beds are to be found 
mostly in the western part of the report area. Table 3 lists the deposits of the area. 

Nith River Sections 
After completion of the mapping of the Gait area in 1959, some problems, relating 
to the identification of tills near Ayr, remained unsolved. Sections along the Nith 
River exposed one till. A distinct western boundary for the Wentworth Till had not 
been found. 

In the hope of shedding some light on these problems, a series of sections 
along the Nith River northwest of Paris was studied in 1960. These sections are in 
the northwestern corner of the Brantford map area and only a few kilometres south 
of the Cambridge map area contained in this report. A few scattered sections in the 
Brantford map area were also studied along the Grand River and along Horner 
Creek. The locations of these and the sequences exposed are shown in Figures 6a 
and 6b. Detailed descriptions are given in Appendix A. 

In studying the Nith River sections, it soon became evident that in the 
easternmost sections, the uppermost till was missing (sections P-19, P-18, P-9, P-8, 
P-3): however, this till was present in sections P-10 and P-11. The study of P-10 
revealed that stream erosion was probably the cause of the absence of this upper 
till in other sections. Section P-10, called the Canning section (Figure 7), has been 
designated as the reference section for the lower Nith River sequence because the 
section shows the relationships of at least the three youngest tills, the upper two of 
which are correlated with the Port Talbot section (Dreimanis 1958) along Lake Erie. 
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TABLE 3. FORMATIONS AND EVENTS (FORMAL NAMES OF FORMATIONS ARE 
SET IN CAPITAL LETTERS), HAMILTON-CAMBRIDGE AREA. 

Age* Formation or Llthology 
Event 

Post-glacial alluvium lake and gravel, sand, mud, Post-glacial 
bog deposits muck, peat, marl, sand, bog deposits 

silt 
Wisconsinan Port Huron Lake Iroquois gravel, sand, silt 

Stadial Lake Peel sand, silt, clay 
Lake Warren sand, silt, clay 
HALTON TILL red and grey silt till 
Lake Whittlesey gravel, sand, silt 

LATE Port Bruce kames gravel and sand 
Stadial outwash gravel and sand 

WENTWORTH TILL sandy till 
kames and gravel and sand 
outwash 

gravel and sand 

PORT STANLEY sandy to silty till 
TILL 
kames and gravel and sand 
outwash 

gravel and sand 

MARYHILL TILL clay till 
Nissouri CATFISH CREEK silty sandy stony till 
Stadial TILL 

EARLY CANNING TILL silty to clayey till 
AND 
LATE(?) "lower beds" silt till, sand, gravel 

'Time classification follows Dreimanis and Karrow (1972). 

Channel sands in the Canning section indicate various intervals of stream 
erosion. Similar erosion features have been observed in other sections along the 
Nith River as well; such features should be expected in river sections anywhere 
because of the tendency of drainageways to be reoccupied many times between 
glaciations. Likewise, some beds will often be found to be missing in river 
sections; sections that are more complete should be found to exist in lake bluffs. 

The Wentworth Till did not appear in any of the Nith River sections, but was 
found consistently in the Gait and Paris Moraines. The next older moraine 
(Tillsonburg) is composed of a silty till comparable to the upper till in the Nith River 
sections. Therefore, the western boundary of the Wentworth Till is placed along the 
western side of the Paris Moraine in the Brantford map area and the southern part 
of the Cambridge map area. There are, apparently, no other till-sheet boundaries 
between the Wentworth Till boundary and the western edge of the report area 
south of Kitchener. 

Relationships between tills remain somewhat obscure in sections W-1, P-4, and 
P-19, but correlations have been suggested in Figure 8a. Correlation of the unit 
below the lower clay till is uncertain because these units are not consistent in 
many sections and are seldom exposed. It is certain only that older tills and 
stratified sediments do exist here, but their affinities are not known. 

Grand River Sections 
A number of sections (Figure 8) are exposed along the Grand River between 
Cambridge and Bridgeport (now part of the City of Kitchener). These were studied 
in 1958 and 1959. Additional stratigraphic information from nearby areas (Karrow 
1968, 1971), and consideration of regional relationships, indicated the need to 
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revise earlier till correlations (Karrow 1974). In terms of the revised classification, 
the Grand River sections expose three distinct till sheets as follows: an upper 
sandy till, believed to be a sandy facies of the Port Stanley Till, and correlated with 
the upper till of the Nith River; a middle clay till (Maryhill Till) not recognized along 
the Nith River; and a lower sandy till correlated with the middle till of the Nith River 
(Catfish Creek Till). Here again, there is confusion concerning the beds near the 
base of the sections where the lithology is not altogether consistent from section to 
section. However, some sections apparently reveal pre-Catfish Creek Till. The 
uppermost (Port Stanley) till is often missing from the riverbank exposures. 

Section G-8, southeast of Kitchener, now designated the Homer Watson Park 
Section, is the type section for the Maryhill Till; it exposes all three tills (Port 
Stanley, Maryhill, Catfish Creek) and is readily accessible. 

Hamilton District Sections 
In or near Hamilton and Dundas are a few sections (see Appendix A) that expose 
deposits laid down during the fluctuating retreat of the last ice tongue and during 
subsequent lake stages. Approximately 1 m of sand, deeply buried by the last 
(Halton) till layer, overlies similar till. Earlier tills of contrasting lithology have not 
been found. 

Other Sections 
Along the tributaries of Bronte Creek and Oakville Creek, there a number of small 
sections comparable in most respects to the sections near Hamilton. They show 
thin lake deposits over waterlain till and basal till; near the base of the sections, 
there is, in many places, approximately 1 m of stratified silts and clays suggesting 
a short fluctuation in the ice front. One exception is a roadcut near Lowville in 
which there are several layers of till of varying lithology, separated by stratified 
sands that contain no fossils. 

'Lower Beds* 
This unit includes all the unclassified sediments below the Canning Till along the 
Nith River. Parts of some of the lower beds of sections near Kitchener probably are 
of similar age. 

Along the Nith River, a variety of sediments is present. Till is exposed in 
sections P-3, P-4, P-9, P-10, and P-18. The results of mechanical analyses on 
samples from P-3, P-4, and P-10, as well as those on other till samples, are shown 
in Figure 9. All the types of till are compared in the analyses in Table 4. Individual 
till analyses are listed in Appendix B. One unusual type of till was exposed in 
section P-10; it consisted of an asphalt-like mixture of varicoloured pebbles that 
form a granular sandy silt having a composition of clay (32 percent) and sand (29 
percent). Samples at P-3 and P-4 have, respectively: clay, 21 and 15 percent, and 
sand, 39 and 38 percent. Carbonate analyses on these samples (P-4 and P-10) 
yielded calcite-dolomite ratios of 0.3 and 0.7 respectively. Heavy minerals from P-3 
were analyzed, and major constituents were found as follows: magnetite-ilmenite, 8 
percent; hornblende, 47 percent; clinopyroxene, 17 percent; hypersthene, 3 per
cent; white and purple garnet, 5 percent; and red-orange garnet, 8 percent. The 
white-red ratio in garnet was 0.6. 

Also included in this "lower beds" unit are stratified silts, sands, and minor 
gravel. Presumably, they are of such an age that they are potentially fossiliferous, 
although no plant or animal remains have been observed. These beds are tenta
tively considered to be of Early Wisconsinan age. 

Canning Till 
The Canning Till (Karrow 1963) is a nearly pebble-free silty clay or clayey silt till 
that takes its name from the village of Canning, 6.5 km west of Paris (Brantford 
map area). The type section is the Canning section, where the till underlies two 
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Figure 9. Mechanical analyses of tills (revised from original on page 37 in GR 16). 

younger tills (Catfish Creek and Port Stanley). It is known to be exposed only in 
sections along the Nith River and possibly the Grand River. 

The till has a distinctly red colour when oxidized and is maroon or purple when 
fresh, but the intensity of the colour diminishes westward. The origin of the red 
colour is believed to be the Queenston Formation, of which the nearest outcrop is 
to the northeast along the Dundas Valley. A tendency has been observed for this 
red colour to be prominent in tills west of re-entrants in the Niagara Escarpment 
(that is, down-ice along the direction of motion of the glacier; Karrow 1968). 

The texture of the till (7 samples) is: clay, 32 to 60 percent, and sand, 1 to 23 
percent. The high content of clay and silt probably reflects the incorporation of 
lacustrine sediments, with which the till is often closely associated. The calcite-
dolomite ratio (3 samples) ranges between 0.8 and 1.1. 
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TABLE 4. ANALYSES OF TILLS*, HAMILTON-CAMBRIDGE AREA. 
Till Texture Carbonates Pebbles Garnets 

n Sand Clay n Total C/D n LS. Dol. Crys. n Total 
clear 

red 
Halton R 4-33 14-51 16-37 1.3-36 13-16 1.2-2.9 

M 39 20 31 31 28 2.1 - - - - 4 15 2.1 
Wentworth R 32-61 6-17 30-66 0.2-2.0 3-27 47-82 3-9 12-22 0.7-1.9 

M 20 48 10 12 41 0.8 6 18 69 6 5 18 1.0 
Port R 7-49 11-35 30-49 0.5-2.0 22-23 55-71 4-8 12-19 0.5-0.8 
Stanley M 18 24 24 10 38 1.2 

CM
 23 63 6 5 16 0.6 

Maryhill R 1-18 38-63 36-44 1.3-2.6 
M 4 7 54 4 40 2.0 1 28 63 7 - - -

Catfish R 26-67 6-27 34-55 0.4-1.1 23-31 51-66 3-16 19-22 0.4-0.7 
Creek M 18 40 16 10 45 0.8 3 27 58 9 4 20 0.6 
Canning R 1-23 32-60 21-38 0.8-1.1 

m 7 

CO
 46 3 31 1.0 - - - - 1 16 1.0 

"Lower beds" R 29-44 17-32 
(till) M 3 37 23 1 37 0.7 - - - - 1 13 0.6 
Notes: n = number of samples Ls = limestone C/D = calcite/dolomite M = mean of values 

Crys = crystalline or Precambrian 

'Grain size analyses have been replotted only for material <2 mm, yielding different percentages from those shown in Karrow (1963). All carbonate analyses 
were rerun because of errors in the data given in Karrow (1963). 
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Very little can be suggested at present about the correlation of this till. In some 
exposures, there is difficulty in distinguishing it from Port Stanley drift. 

The Canning Till is believed to extend northwest along the Nith River valley as 
far as New Hamburg. Throughout its extent it underlies the sandy Catfish Creek Till 
(Cooper 1975). The age of the Canning Till is still unknown and its relationship to 
dated organic interstadial deposits in nearby areas (Innerkip, Glen Allan, Guelph, 
Toronto) has not been established. The author favoured an Early to Middle 
Wisconsinan age in 1963, and Cowan (1975) classified correlative till in the 
Woodstock area under Early Wisconsinan. Cooper (1975), however, suggested that 
it was younger than the Port Talbot Interstade, which would make it Middle 
Wisconsinan or early Late Wisconsinan in age. 

Till referred to as "Catfish Creek Till (finer facies)" in the Grand River valley 
near Kitchener (Karrow 1963, 1968) is in the equivalent stratigraphic position to the 
Canning Till, but the relationships are as yet obscure. These till bodies have 
textures between those of typical Catfish Creek Till and Canning Till; carbonate 
ratios are generally higher than Catfish Creek Till, but similar to Canning Till. 

In 1971, borings for a new bridge for Highway 7 over the Grand River at 
Breslau showed the presence of reddish silt till over light grey silt till. Dolostone 
bedrock was encountered at about 9 m below river level. These tills are known to 
underlie Catfish Creek Till, which outcrops on the east river bank north of the 
bridge. At the western end of the bridge the upper 4 m of the old till have been 
eroded away and replaced by terrace gravels. The till is of unknown provenance 
and correlation. This, and other old till occurrences, have been studied by Cooper 
(1975). 

Catfish Creek Till 
Silty, sandy, stony till, correlated with the Catfish Creek Drift of deVries and 
Dreimanis (1960), overlies the Canning Till in most sections; in a few cases, these 
2 tills are separated by stratified silt and sand that are, in places, intensely 
contorted, as in the Canning section. Till of similar texture usually forms the lowest 
material in sections near Kitchener. It has also been encountered in some deeper 
borings within the Kitchener district and is often encountered as "hardpan" in 
water wells in the western part of the area. 

Recognition of this till as Catfish Creek Drift in 1963 was based on its position 
below the fine-grained Port Stanley Drift, which could be traced at the surface 
along Lake Erie basin moraines from the type area near Port Talbot to the report 
area. Subsequent more detailed mapping has verified this correlation. 

Because this till is usually covered by younger deposits, it has limited expo
sure at the surface. It occurs near valley bottoms near the Grand River and its 
western tributaries, and has been encountered in deeper borings in the Kitchener 
district. It has seldom been recognized in the report area east of the Grand River. 
In 1980, a roadcut on Highway 97 near Freelton exposed a surface layer of softer, 
sandy till over a lens of poorly sorted sand and gravel over very hard stony sandy 
till. The hard till (sample G-2101) resembles, and might be, Catfish Creek Till in the 
core of the drumlin through which the cut was made. 

Analysis of 17 samples of this till averaged 38 percent sand and 16 percent 
clay, while nine samples averaged 45 percent carbonates in the fine matrix with a 
calcite to dolomite ratio of 0.8. Carbonate ratios are generally higher (near 1.0) and 
textures finer along the Nith River; carbonate ratios are generally lower (about 0.7) 
and textures coarser near Kitchener. Pebble counts for three samples averaged 27 
percent limestone, 58 percent dolostone, and 9 percent crystallines. The proportion 
of limestone and calcite corresponds to variations in bedrock lithology, being 
higher in the southwest along the Nith River. 

Fabrics at five sites varied from northeast to southeast. Heavy mineral analy
ses of four samples averaged 12 percent magnetite, 40 percent hornblende, 14 
percent clinopyroxene, 3 percent hypersthene, 7 percent clear garnet, and 13 
percent red garnet. The clear to red garnet ratio averaged 0.5. 
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In comparison, Dreimanis (1961a) reported Catfish Creek Till as clay, 19 to 36 
percent, and sand, 35 to 60 percent; the calcite-dolomite ratio ranged between 0.7 
and 1.7 percent; pebble composition was 41 to 51 percent limestone, 37 to 38 
percent dolomite, and 9 to 20 percent crystallines. Garnet ratios averaged 0.7 
(Dreimanis 1961b). Fabrics were variable between northeast and southeast. These 
comparative figures, which are similar to those for tills in the Paris and Kitchener 
districts, combined with the significant data from the stratigraphic sequence, 
strongly suggest that ail the tills are of the same till sheet. Analyses from areas 
nearby (Cowan 1972, 1975; Karrow 1968) support the idea that this till sheet is 
extensive and has very uniform characteristics. Correlations of these tills with tills 
south of Lake Erie have been suggested by Dreimanis and Goldthwait (1973); they 
suggest equivalence to the Kent and Navarre Tills of Ohio State. Similar lower and 
older sandy tills are known from Michigan and Illinois. All are believed to be of 
Tazewell or Nissouri age, inasmuch as they overlie or include wood dating from the 
Farmdalian and Plum Point Interstades, having an age of about 25 000 years 
Before Present (B.P.). 

Maryhill Till 
Overlying the sandy Catfish Creek Till near Kitchener is a clayey till formerly 
classified as "Port Stanley Till" (Karrow 1963) or as "Middle till" (Karrow 1968). 
Because of its fine texture and similar stratigraphic position, it was believed 
originally to be simply a northeastern extension of the Erie lobe Port Stanley Till 
(deVries and Dreimanis 1960) from the type area south of London. The overlying 
sandy till in the Kitchener area was originally considered to be a westward 
extension of the Wentworth Till. Later mapping southwest of Kitchener revealed the 
continuity of the typical Port Stanley Till of the Lake Erie basin moraines (Ingersoll 
to Tillsonburg sequence) with the upper sandy till near Kitchener. This then allowed 
correlation of the surface tills throughout the belt west of the Paris Moraine with 
type Port Stanley (Karrow 1974). The middle clay till along the Grand Valley near 
Kitchener was then given a new name, Maryhill Till, with its type section at Homer 
Watson Park (station G-8) in Kitchener. 

Analyses of four samples of this till from along the banks of the Grand River 
averaged 7 percent sand, 54 percent clay, 40 percent carbonates, and had a 
carbonate ratio of 2.0. Samis (1973) made a detailed study of three exposures of 
this till and found in 89 samples that it averaged 7 percent sand, 42 percent clay, 
30 percent carbonates, and had a calcite to dolomite ratio of 2.3. 

Maryhill Till occurs along the banks of the Grand River, in lower parts of some 
of its tributary streams such as Laurel Creek, in various excavations such as the 
Waterloo Sewage Treatment Plant and nearby apartment buildings, and emerges 
from under the overlying deposits to the west of the area. Inliers of the till occur to 
the north in the Guelph area along the Breslau Moraine (Karrow 1968) and can be 
seen in the core of this moraine east of Bridgeport. 

Maryhill Till is interpreted as equivalent to the earlier part of the Lake Erie 
basin Port Stanley Till, whereas overlying sandy till is considered equivalent to the 
later part of the Port Stanley Till. This correlation embraces an Ontario-Erie lobal 
origin for the Maryhill Till, an interpretation based on conflicting and often inconclu
sive evidence. Similar till extends westward to cap the Waterloo Moraine and there 
has commonly yielded erratics of Grenville marble from eastern Ontario. Compari
son of analyses with nearby Huron and Georgian Bay lobe tills with heavy minerals 
(Reynolds 1975) and microfabrics (Baker 1978) suggests a northwestern source, 
while trace elements (Broster 1974) suggest a southeast source. At present, the 
author favours a southeastern source as the best working hypothesis to be tested 
by more detailed work in the future. 

From its stratigraphic position and distribution, it is evident that this till, 
whatever its lobal origin, is of Port Bruce Stadial age. The common association 
along the Grand Valley with interbedded glaciolacustrine sediments suggests that a 
glacial lake was dammed in the Grand Valley and the ice fluctuated there, giving 
rise to interbedded till and clay. This hypothesis would be more consistent with ice 
to the southeast to block the drainage. This was no doubt a major factor in the 
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derivation of the fine texture of the till. What its lateral facies equivalents may be is 
difficult to say at present. 

Tavistock Till 
The Tavistock Till, deposited from the northwest by the Georgian Bay ice lobe 
(Karrow 1974) has not been identified in this map area and is therefore not 
included in Table 3. However, it is known to be present in northwestern Waterloo 
and could extend into the area from that direction. It is known to overlie Maryhill 
Till and underlie Port Stanley Till. It is characterized by a gritty clayey silt texture, 
variable carbonate ratios near 1.0, and a northwest-trending fabric. Pebble lithology 
is dominated by dolostone. The southeastern limit of the till is as yet unknown, but 
it has not been recognized anywhere east of the Grand River. Tavistock Till is of 
early Port Bruce Stadial age. 

Port Stanley Till 
As previously mentioned, the surface till of the Erie lobe moraines, such as the 
Tillsonburg, could be traced from the type area at Lake Erie as Port Stanley Drift 
(deVries and Dreimanis 1960) into the southwestern corner of the area. However, it 
was not recognized as a surface till as far north as Kitchener until further mapping 
had been carried out to the west in the Stratford map area (Karrow 1971). 

In accordance with reinterpreted stratigraphic correlations (Karrow 1974), the 
surface till west of the Paris Moraine is classed as Port Stanley Till. Karrow. (1963) 
separated this tract of till into a southern silty part classed as Port Stanley Till, and 
a northern sandy part which he considered to be a western extension of the 
Wentworth Till. This created a rather unlikely configuration for the margin of the 
Wentworth ice, but was based on the similarity of tills behind and in front of the 
Paris Moraine in the northern part of the area, and the contrast between the tills in 
front of the Paris Moraine in the northern and southern parts of the area. Subse
quent mapping has shown the continuity of the youngest till sheet west of the Paris 
Moraine from south to north, its properties varying by facies changes from one 
district to the other. This eliminates the problem of the proposed extension of the 
Wentworth advance beyond the Paris Moraine north of Cambridge. Nevertheless, 
there apparently was a greater forward advance of the Port Stanley ice front north 
of Kitchener into lower ground between Conestogo and Fergus, and a modest 
re-entrant near Kitchener corresponding approximately with the higher elevations of 
the Waterloo Moraine. 

The western margin of the Port Stanley Till is not marked by an end moraine 
near Kitchener, but rather it thins and wedges out to its margin. It overlies older till 
(Maryhill Till) or, more commonly, outwash sand and gravel. The ice advance 
covered the area northwest of Bridgeport but, apparently, did not cross Laurel 
Creek. The margin can be traced approximately through Kitchener near Lancaster 
Street, whence it curves southwestward to near Williamsburg. Thin patches of it 
were exposed in excavations for the Conestoga Parkway near Ottawa Street in 
1968. A large lens over outwash sand was exposed in the cut for the lowering of 
King Street east of the Parkway in 1966. 

In the north, as already mentioned, the Port Stanley Till is sandy (nearly 40 
percent sand) and the carbonate content is generally 45 to 50 percent with a ratio 
of about 0.7. In the south, the till is generally a clayey silt (about 30 percent clay) 
with carbonate contents of 35 to 40 percent and calcite to dolomite ratios of 1.0 to 
2.0. Overall, this till averages 34 percent sand and 24 percent clay (18 samples). In 
11 samples carbonates in the fine matrix averaged 39 percent with a carbonate 
ratio of 1.1. Pebble counts for two samples averaged 23 percent limestone, 63 
percent dolostone, and 6 percent crystallines. 

Heavy minerals were studied in five samples of this till and averaged 9 
percent magnetite, 46 percent hornblende, 15 percent clinopyroxene, 4 percent 
hypersthene, 6 percent clear garnet, and 10 percent red garnet. The clear to red 
garnet ratio was 0.6. 
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Port Stanley Till caps the northeastern end of the Ingersoll Moraine, which is 
cored with sand, as well as the ends of the Norwich and Tillsonburg Moraines. 
These three moraines converge near Ayr but do not continue to the north or 
northeast; presumably they were never deposited or were subsequently eroded 
and covered by meltwater deposits associated with the Wentworth advance. The 
northern sandy facies was shaped into drumlins, part of the Guelph drumlin field, 
east of Breslau. The drumlins clearly indicate that the ice moved west-northwest. 

Port Stanley Till is inferred to have a Port Bruce Stadial age (about 14 500 
years B.P.). It is correlated with Cary tills (of earlier usage) south of Lake Erie such 
as the Hiram Till of Ohio (Dreimanis and Goldthwait 1973). Its fine texture in the 
south has been attributed to the incorporation of lacustrine sediments deposited in 
the Lake Erie basin by ice-dammed lakes during the preceding Erie Interstade. 

Wentworth Till 
As now defined, the Wentworth Till (Karrow 1959, 1974) is the surface till in a belt 
extending from the Paris Moraine on the west to the margin of the next younger till, 
the Halton Till, on the east near the Niagara Escarpment. Wentworth Till forms the 
Paris, Gait, and Moffat Moraines and the field of drumlins extending from Campbel
lville to Sheffield. It is a sandy, in places stony, buff or pink-buff till (Photo 12). It 
takes its name from the county in which it is well exposed. Typical material is to be 
found in roadcuts through drumlins southeast of the Gait Moraine. It is not well 
represented in stratigraphic sections, and its relationship to other tills is, in part, 
inferred. Because of its coarse texture, it is deeply oxidized and is irregularly 
leached of carbonates. 

The till averages (20 samples) 48 percent sand and 10 percent clay; (12 
samples) 41 percent carbonates and a calcite-dolomite ratio of 0.8, pebbles in six 
samples consist of 18 percent limestone, 69 percent dolostone, and 6 percent 
crystallines. There was rapid incorporation of dolomite as the ice crossed the 
Niagara Escarpment from the east, with samples just west of, or east of, the 
Escarpment having higher calcite percentages and carbonate ratios. Till in end 
moraines is generally coarser than elsewhere and, as in the Paris Moraine, often 
grades into poorly sorted kame gravel. Southwest of Cambridge this till forms a 
thin sheet of gravelly till overlying outwash gravel in a zone where the Paris 
Moraine is not clearly developed. Extensive statistical study of the characteristics 
of this till have been carried out by Banting (1974) and Cowan (1978). Some of the 
areal variations are displayed in Figures 10 and 11. 

Heavy minerals in five samples averaged 10 percent magnetite, 40 percent 
hornblende, 18 percent clinopyroxene, 3 percent hypersthene, 9 percent clear 
garnet, 9 percent red garnet. The clear to red garnet ratio was 1.0. 

In an area underlain by the Amabel Formation (north of Carlisle), knobs and 
ridges of dolostone project through a thin layer of bouldery Wentworth Till. The 
rough bedrock surface has favoured the quarrying of boulders by the ice; this has 
created a complex of bouldery till (Photo 14) and bedrock outcrops that have been 
grouped in one map unit for simplicity. 

There are abundant data on the direction of ice movement during the time of 
deposition of the Wentworth Till. Drumlins are widely distributed in the northern 
part of the Cambridge map area and indicate a fanning out in movement west and 
northwest from the Lake Ontario basin. Striae at many localities are parallel to the 
drumlin trends. 

The age of the Wentworth Till has been recently reinterpreted. It is now thought 
to be of Late Port Bruce Stadial age and is the youngest till sheet attributed to that 
Stade in the area (Barnett 1979; Sharpe 1978). It may correlate across Lake Erie 
with the coarse-textured Ashtabula Till of northern Ohio, having an age of about 14 
000 years B.P. (Dreimanis and Goldthwait 1973). 

Ablation Deposits 
A variety of ablation deposits indicates stagnation and melting of the Port Stanley 
and Wentworth ice sheets. Ablation deposits, consisting almost entirely of fine 
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Halton Till 
Halton Till (Karrow 1959) is predominantly a silt till that is red-brown when oxidized 
and dark purple when fresh. The colouration is caused by the incorporation of 
Queenston Formation from the bedrock. The type section (field station H-375) is on 
the west bank of Bronte Creek, 2.8 km east of Lowville, in lot 4, concession V, 
Nelson Township, Halton County. (Nelson Township was annexed by, and is now 
part of, the City of Burlington; Halton County is now the Regional Municipality of 
Halton). The till was named after the county in which it is well exposed in 
numerous roadcuts and stream banks. In the type section, several typical facies 
are present: an upper waterlain zone that is substratified; a brown oxidized zone; 
and a purple unoxidized zone. Carbonate leaching extends to a depth of about 50 
cm. 

In many places, the till can be seen resting on the Queenston Formation, into 
which it grades in places, with increasing shale content of the till and decreasing 
movement of blocks of bedrock. Near the contact of the Queenston Formation and 
the Georgian Bay Formation, the conversion of grey till (grey when fresh, buff 
when oxidized) into typical Halton Till can be seen; basal contamination by 
Queenston Formation gradually increases westward until the entire thickness of till 
is of the red Halton type. This is well illustrated by low sections along the Lake 
Ontario shoreline near Oakville. East of the Georgian Bay-Queenston contact the till 
is grey. Because the Georgian Bay Formation exists in subcrops along the Dundas 
buried valley, no incorporation of red colour has occurred in till near Dundas. In 
addition, lake clay was deposited in the valley when the ice dammed drainage to 
the east; the overriding of these clays made the till in the valley finer grained than 
elsewhere. The fine-grained grey till that occurs in the Dundas Valley is referred to 
as the Dundas facies of the Halton Till. Exposures showing the transition between 
the two types are to be found along Snake Road between the mouth of Grindstone 
Creek and Waterdown. 

In the eastern end of Hamilton is an occurrence of the Dundas facies that is 
peculiar, in that in one place it was found to contain well-formed, blade-shaped 
crystals of gypsum. Borings at the same locality into the underlying Queenston 
Formation have encountered crystals of gypsum; it is probable that seeping 
groundwater has deposited the gypsum in the till, because gypsum crystals would 
be readily crushed during deposition of the till by the ice. Gypsum has been found 
in small lenses, nodules, and thin sheets in the Queenston Formation at many 
localities in the vicinity of Hamilton. 

Sections near the Niagara Escarpment show stratified sediments separating 
beds of Halton Till. It is assumed that these represent short oscillations of the ice 
front, perhaps corresponding to the several moraines near the Escarpment. 

Analyses of Halton Till averaged 20 percent sand and 31 percent clay (39 
samples); carbonates averaged 28 percent; and the calcite to dolomite ratio 
averaged 2.1 (31 samples). The low carbonate content compared to the other tills 
is brought about by the heavy incorporation of shales which underlie the area and 
extend in an up-ice direction for several tens of kilometres. Because shale pebbles 
are so friable, it is very difficult to do formal pebble counts on this till and no 
pebble lithology data are available. However, the high content of shale in the till is 
an obvious characteristic. 

Heavy minerals were studied in four samples of Halton Till. The three most 
southerly samples are similar but the fourth, from just north of the Hamilton map 
area, is more like Wentworth Till in composition. The composition of the three 
southern samples is: magnetite-ilmenite, 7 to 12 percent; hornblende, 42 to 49 
percent; clinopyroxene, 14 to 16 percent; hypersthene, 2 to 3 percent; red-orange 
garnet, 4 to 5 percent; and white and purple garnet, 10 to 12 percent. The white to 
red ratio in the garnet ranged between 1.9 and 2.9. The northern sample contained: 
magnetite-ilmenite, 8 percent; hornblende, 42 percent; clinopyroxene, 22 percent; 
hypersthene, 3 percent; red-orange garnet, 6 percent; and white and purple garnet, 
7 percent; and the white to red ratio in the garnet was 1.2. The difference in 
composition between northern and southern samples is also evident in samples 
from King City and Trafalgar, as noted by Dell (1959) who reports ratios of purple 
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to red of 1.47 in the south and 0.65 in the north. This variation can be attributed to 
"mineral trains" that reflect variations in the composition of the source rock, which 
is presumably Precambrian. Areas of similar high ratios in the garnet have been 
reported by Dreimanis (1957), Dell (1959), and Gwyn and Dreimanis (1979) be
tween Ottawa and Montreal, and that area is assumed to be the source area for the 
purple garnet of the Halton Till. 

It was difficult to establish in the field whether the Wentworth and Halton Tills 
represented two ice advances separated by a significant interval of retreat, or 
whether they represented different facies of the same till sheet. The Escarpment 
and major changes in bedrock lithology make the second explanation plausible to 
some degree. The two tills are quite different in appearance and texture; nonethe
less, within a narrow band near the Halton Till margin, gradational types do occur, 
and it is not always easy to distinguish between the two tills. Garnet ratios are 
different in the two tills; because the garnets came from distant source rocks, this 
difference is accepted as a strong indication that some reorientation of ice-flow 
directions occurred between the two intervals of deposition. The stratigraphic 
evidence for the existence of two till sheets is scarce, but a few sections in the 
area of the Cedar Springs re-entrant reveal lenses of sandy till buried deeply under 
gravels that are capped by Halton Till; these lenses are believed to be Wentworth 
Till. Widening of Highway 6 in 1980 created new roadcuts extending from the 
outermost Waterdown Moraine to Freelton. Analyses of samples from these cuts 
show the characteristics of the Halton Till (field station H-1000) and Wentworth Till 
(field stations H-1001, G-2100) in that area. 

The Halton Till extends as a sheet across much of the Hamilton map area and 
terminates in the Waterdown Moraines just west of the Niagara Escarpment. In the 
vicinity of Lowville, kame terraces, outwash and spillway gravel were overridden 
by the Halton advance. The direction of ice movement is well shown on the 
surface of the Halton Till by numerous flutings that trend westward out of the Lake 
Ontario basin (see Photo 5). 

The Halton Till is of Port Huron Stadial age and represents a substantial 
readvance of the ice at the time of its deposition. The till sheet has been mapped 
through the Niagara Peninsula (Feenstra 1974) and east beyond Toronto (Karrow 
1967, 1974), thus forming the surface till over a large area in the western part of 
the Lake Ontario basin. The ice apparently advanced into glacial Lake Whittlesey 
which occupied the Lake Erie basin at that time (Barnett 1979). 

Lakes Whittlesey and Warren Deposits 
Stratified gravel, sand, silt, and clay constitute the deposits of glacial Lakes 
Whittlesey and Warren. It was not possible to identify the deposits as being those 
of either one or the other of the lakes, except for the respective beach deposits 
that can be distinguished on the basis of elevation. 

The deep-water deposits consist of stratified, or laminated-to-varved fine sand, 
silt, and clay. Generally, the finer materials are red and the coarser materials range 
from brown, through buff, to yellow. The red colouration is believed to be due to 
the presence of comminuted shale of the Queenston Formation. The thickness of 
varves ranges between less than 2.5 cm and about 15 cm. The deposits tend to be 
finer downward in vertical sequence, and southward away from shore and shallow-
water influences. Wentworth Till can be seen to underlie the clays in some places, 
and in many of these places there is a gradational zone separating them; the zone 
represents waterlain till. The clays and silts thicken rapidly to the south as the 
bedrock slopes into the Dundas buried valley; they are believed to extend south
ward, almost continuously, to Lake Erie, thus forming an extensive lake plain. 

Around the margin of the clays, there is usually a belt of fine sand represent
ing shallow-water, nearshore, and deltaic deposits. Thick ice-marginal kame accu
mulations of fine sand, near Christies Corners, grade north and west into this sand 
belt. Fine outwash formed deltaic sheets of sand southwest of Mill Grove. These 
kames and outwash deposits are associated with the Halton Till. 
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Beach deposits consist of well-sorted, angular gravels and are found in the 
incipient spits and bars that are most prominent in the drumlin area of Wentworth 
County (now part of the Regional Municipality of Hamilton-Wentworth). The an
gularity of these gravels is not typical of beach deposits and, in this case, is 
believed due to the fact that these gravels were transported only a short distance, 
perhaps 100 m, between the site of their removal from till and the site of their 
deposition. Waves eroded small terraces on the ends of the drumlins and the 
gravel-sized material was dumped off the north or lee side of the terrace into deep 
water. Most of these deposits are small. Bar deposits that are particularly strongly 
developed are to be seen at St. George, just south of the report area, where the 
most prominent level is attributed to the Whittlesey shoreline at about 265 m a.s.l. 
As discussed previously, the level of the Whittlesey shoreline rises to 282 m near 
Freelton. 

Fossil molluscs were reported in the silts and sands 4.4 km east of Peters 
Corners on the south side of Highway 5, during the course of pedological mapping 
by the Canada Department of Agriculture. All were identified as modern forms (R.E. 
Wicklund, Canada Department of Agriculture, personal communication, 1959). Ex
tensive test pitting in a nearby roadcut failed to reveal additional specimens in situ. 

Lake Peel Deposits 
Discontinuous beds, up to 1.3 m thick, of brown, varved clay, and stratified silt and 
sand are found on top of the Halton Till near Lowville, Zimmerman, and Boyne. 
These beds are attributed to Lake Peel, a short-lived glacial lake that formed north 
of the Ontario ice lobe in Peel County (now part of the Regional Municipality of 
Peel). Varves are usually thin, indicating relatively little sedimentation in quiet 
water. Clay is the most abundant sediment. The Lake Peel deposits are found only 
north of the Trafalgar Moraine in an area of modified till plain. The general 
distribution of these deposits is shown on Map 2509, (back pocket), even though 
they are usually not of mappable thickness. In places, substratified waterlain till 
separates the clays from the underlying till. It is assumed that Lake Peel was 
drained when the ice retreated from the Trafalgar Moraine. 

Lake Iroquois Deposits 
Many features of Lake Iroquois sediments in the Hamilton map area have been 
described by Coleman (1937a). Most commonly, they consist of finely stratified 
buff sand and reddish silty layers; these are, in places, intensely contorted into 
whorls like those in the Toronto area which were described and illustrated by 
Coleman (1933). The disturbances can be most easily attributed to underwater 
slumping. The sand is generally distributed as a sheet deposit on the Iroquois 
terrace. 

The thickest of the Lake Iroquois deposits is at the western end between 
Burlington and Dundas where two large beach bars were constructed. One bar 
extends southwest from the north shore of the bay at Aldershot; the other trends 
northward from Hamilton and almost joins the Aldershot bar. The growth of these 
bars isolated part of the bay to form a lagoon, between Westdale and Dundas, 
which was floored with silty sands that now form the Westdale Plain. The bars are 
capped with cemented gravel; stratified sand and silty sand are exposed along the 
Desjardins Canal to a height of 10 m above lake level and to a depth of a few 
metres below. The total height of the Hamilton bar above Lake Ontario is about 
35 m, as given by Coleman (1937a). 

Walker (1896) and Coleman (1937a) reported the finding of wood (Larix 
americana, and Picea, probably nigra), and bones of mammoth, under the gravels 
of the bar on top of till in the Hunter Street tunnel in Hamilton. A similar sequence 
of bar deposits on till was disclosed in the excavation for the Hamilton City Hall in 
the summer of 1958. In the southeastern corner of the excavation (Photo 15), a 
lens of fossiliferous silt was found separating the gravel and till. In the silt there 
were: fragments of wood identified by W.L. Stern as dicotyledonous, possibly 
Populus; molluscs identified at the Royal Ontario Museum as Fossaria dalli, Fossaria 
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modicela, Valvata sp., and Pisidium sp.; and ostracodes identified by E.M. Winkler 
as Candona swaini cf. (Staplin 1952), Limnocythere verrucosa (Hoff 1942), and 
Limnocythere reticulata (Sharpe 1978). The wood was submitted to the Yale 
Geochronometric Laboratory (New Haven, Connecticut, U.S.A.) which reported a 
radiocarbon age of 11 570 ± 260 years BP. (Sampie Y-691). Pollen in the silt was 
identified by J . Terasmae as predominantly White Spruce, with Black Spruce, 
Jackpine, White Pine and Balsam Fir; non-tree pollen included Artemisia and 
Shepherdia, and spores included Polypodiaceae and cf. Osmunda. Ostracodes and 
pollen were not abundant. All fossils indicated cold shallow water. More details can 
be found in the paper by Karrow et al. (1961). 

Logan (1863) reported the finding of bones of mammoth and beaver, and 
horns of wapiti, in the Desjardins Canal when it was cut through the Hamilton bar. 
Grant (1895) described the discoveries and mentioned the finding of bison horns 
there. Bison (portion of a left calcaneum; id. by M. Wilson and C.S. Churcher) was 
also found at a building site in Iroquois sand and gravel at Jackson and Bay 
Streets, Hamilton, in 1974. Other earlier finds have been listed by Coleman 
(1937a). In the Brant Museum in Burlington, there is part of a tusk that was 
recovered from the Aldershot bar (Photo 16). The label reads as follows: 

"Part of the tusk of a mammoth that lived before the last ice age and believed 
to be at least 15,000 years old. Found by James Syvret, at a depth of 28 feet 
in the gravel pit of J . Cooke and Son Cement Block Co. at Aldershot, Ontario, 
December 7th, 1953. Estimated by the writer to be about 25 percent of the 
overall length of the tusk". 
Radiocarbon dating of wood from Lake Iroquois sediments taken from Hamilton 

(Y-691: 11 570 ±260 years), from Lewiston, N.Y. (W-861: 12 660 ±400 years: and 
W-883: 12 080 ±300 years) and from Lockport, N.Y. (I-838: 12 100 ±400 years), 
and the occurrence of the tusk in Iroquois gravels, indicate its age as about 12 000 
years. There will probably be further finds of wood, bones, and shells in Iroquois 
deposits around Hamilton. Mollusc occurrences in Lake Iroquois deposits in Ontario 
have been summarized by Karrow (1972). In spite of these important finds, in most 
exposures the Iroquois sediments are unfossiiiferous. 

An anomalous find of fossils of supposed Iroquois age, on the Westdale plain 
behind the Hamilton (Lake Iroquois) bar, was reported by Weber (1955) and 
Wetmore (1958). Further work on the site in association with C.S. Churcher, 
University of Toronto, has extended the list of species to include the following: 

Mollusca 
Mesomphix cupreus 
Osteichthyes 
Esox lucius (northern pike) 
Caststomus commersoni (white sucker) 
Ictalurus nebulosus (brown bullhead catfish) 
Centrachidae indet. 
Amphibia 
Bufo sp. (toad) 
Rana catesbiana (bullfrog) 
Reptilia 
Coluber constrictor (blue racer) 
Elaphe obsoleta (pilot black snake) 
Crotalus horridus (timber rattlesnake) 
Sistrurus sp. (rattlesnake) 
Aves 
Aix sponsa (wood duck) 
Clangula hyemalis (old squaw) 
Strix varia (barred owl) 
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permits assignment to the Climatic Optimum, as suggested earlier by Churcher and 
Karrow (1963). The fossils are thus intrusive into Iroquois sediments and were 
emplaced during the rising stage of Lake Ontario, when it was some 20 m lower 
than present. 

The dating of Lake Iroquois at 12 000 years B.P. places it in the Two Creeks 
Interstadial; it was, therefore, formed during the retreat of Port Huron ice, at present 
assigned an age 13 000 years B.P. at its maximum extent. Previous study by other 
workers has correlated the Paris-Gait Moraines with the Port Huron Moraine and 
with Lake Whittlesey. The presence of prominent Whittlesey shorelines east of the 
Gait Moraine indicates either the continued existence of Lake Whittlesey after an 
ice retreat of several kilometres from the maximum position in the Gait area, or an 
error in the correlation of the moraines of southern Ontario; the latest information 
(Barnett 1979; Sharpe 1978) favours the latter explanation. Presumably, a Port 
Huron advance deposited the Halton Till that blocked the drainage, thereby 
causing the formation of Lake Whittlesey. In this supposition, many events are 
being crowded into a short length of time, and more dates on lake stages and ice 
advances are needed to reveal the details of the history. 

Alluvial Deposits 
Alluvial deposits are found along most of the stream courses in the report area. 
They are usually related to the underlying material and to the material forming the 
banks of the streams. Erosion by the stream carries away the finer materials and 
leaves the coarser materials, such as boulders that may be present in till. The finer 
materials are carried downstream to a temporary resting place to form alluvial 
deposits. 

The oldest alluvial deposits are to be found on the highest terraces, and the 
youngest are on the modern floodplains. Glacial meltwater deposits and early 
stream alluvium are not easily distinguishable one from the other; the transition 
between the two is gradual in many cases. However, later alluvium contains 
increasing amounts of faunal and floral remains. Some modern floodp/a/ns, such 
as that along the Speed River, are so poorly drained that they are the sites of 
accumulation of organic deposits. 

In the meltwater-channel areas west of the Gait Moraine, alluvium usually 
consists of fine to medium gravel, as in the Grand and Nith Rivers. East of the Gait 
Moraine, but west of the Escarpment, alluvium is mostly silt and sand. East of the 
Escarpment, erosion of the Halton Till and the Queenston Formation yields red 
muds in quiet-water areas and gravels of shale and siltstone in fast-water areas. 

In the fall of 1980 the author was shown an alluvial terrace site southeast of 
the Queen Elizabeth Way in Burlington. Sprucewood from alluvial sand and peat 
from this site have yielded ages of 10 000 to 11 000 years B.P. (A. Roberts, York 
University, personal communication, 1980). Since the site is some 20 m below the 
Iroquois shoreline, these dates are a minimum for the Iroquois lake level. 

The lower reaches of streams flowing into Lake Ontario are being flooded by 
rising lake waters, and muddy marshes are developing near the mouths, as at 
Cootes Paradise. 

Lake Ontario Deposits 
Lake-bottom deposits in the vicinity of Hamilton were studied by Kindle (1925), and 
more recently by Rukavina (1969), and Thomas et al. (1972). Because the water 
level is rising at the western end of the lake, most of the deposits of Lake Ontario 
are submerged and are inaccessible for study by standard field methods, except 
those that are found in the Burlington bar. This is a baymouth bar joining the 
eastern end of Hamilton on the south shore to Burlington on the north shore. 
Engineering investigations by the Ontario Ministry of Transportation and Commu
nications and Ontario Hydro have revealed the subsurface structure of the deposit. 

There are three main units to consider, of which the third and youngest is 
believed to record Lake Ontario sedimentation. The bedrock extends as a shelf 
sloping from both the north and south shores toward a deep gorge near the north 
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shore. Filling the gorge to an elevation of about 15 m a.s.l. is a thick series of grey, 
silty clay tills and silts that form the second, or glacial, unit. The top surface of this 
unit shows some evidence of weathering which suggests a period of exposure. 
Above this lies about 61 m of stratified sands and silts containing molluscs and 
plant remains. Karrow et al. (1961) reported that pollen in the sediments records a 
warmer climate in the upper levels and a cold climate in the lower levels. 
Radiocarbon dates for three samples were reported: 10 150 ±450 years B.P. 
(TB-50) at about 15 m; 5240 ± U 0 years B.P. (Y-614A) at about 50 m; and 2820 
±160 years B.P. (Y-613A) at about 59.5 m a.s.l. Molluscs and the nature of 
sediments indicated shallow-water conditions throughout the sequence; therefore, 
a low-water stage is believed to have begun more than 10 000 years ago. This is 
believed to be the beginning of Lake Ontario, which followed the draining of Lake 
Iroquois when ice in the St. Lawrence River valley melted. In the outlet at the 
eastern end of the Lake Ontario basin, isostatic rebound has caused an uplift that 
has raised the water level by at least 60 m in 10 000 years. 

More recently, gravel has been deposited in some places on the upper part of 
the Burlington bar, and wind action has slightly modified the surface. The bar is, in 
many respects, similar to the Lake Iroquois bar that developed in a like manner 
8 km to the west. 

Borings made in 1969 for realignment of the Canadian National Railway tracks 
penetrated nearly 24 m of lagoon sediment at the edge of the Lake Iroquois bar 
and near the Botanical Gardens teahouse. The material penetrated was gravelly fill 
to 5.5 m, about 16 m of organic silt, 0.7 m of fine sand, and 0.3 m of red shale 
bedrock. Wood from a depth of 18.6 m was dated as 4400 ±50 years B.P. 
(WAT-343) and is consistent with the date of 5240 years (B.P.) at a depth of 24.7 m 
under the Burlington bar. The teahouse sequence also records the rising level of 
Lake Ontario; the sediments fill a valley cut through the older Lake Iroquois gravel 
bar. 

Extant Lake, Swamp, and Bog Deposits 
Undrained depressions, and other poorly drained areas which have accumulated 
organic matter, are to be found in kettles, abandoned stream channels, and areas 
underlain by bedrock at a shallow depth. 

Several bogs have been surveyed for economic possibilities, and variations in 
depths have been mapped (Anrep 1920); these include Beverly Swamp (maximum 
depth 1.7 m), Aberfoyle Bog (maximum depth 2.1 m), and Halton Bog at Guelph 
Junction (maximum depth 0.9 m). In the course of mapping the Gait map area, 
numerous soundings of the bogs were made. It was found that most swamps and 
channel bogs were commonly 0.9 to 2.1 m deep; kettle bogs, although generally 
much smaller in area, were found, in places, to exceed 6 m in depth. 

Extensive swamps exist southwest of Mill Grove where bedrock is found at a 
shallow depth. Organic deposits, most of which were only 0.3 to 0.6 m thick, were 
not mapped separately. These swamps consist of black muck that is heavily 
forested. Beverly Swamp (Photo 16) is similar, but rock is 1 or 2 m down and is 
covered by marl (limey mud), muck, and peat. Because of the strongly alkaline 
soils of the area, shallow deposits or the lower parts of deeper deposits consist 
mostly of muck (decomposed organic silt) and gyttja (black organic mud in which 
the hydrocarbon content is greater than in peat). Later, decomposition was inhib
ited as the deposit thickened, and during the accumulation of peat, considerable 
plant fibre was retained. Of particular interest is a bog that is situated east of 
Glenchristie, and in which the major tree type is tamarack in a relatively open 
growth that is more characteristic of northern peat bogs on the Precambrian Shield 
(Photo 18). 

Bogs began to develop soon after deglaciation and (or) dewatering of the area. 
Some kettle lakes have become, or are becoming, filled with organic accumula
tions. This slow process has continued during the various phases of climatic 
change that have occurred since the land was exposed. Using the knowledge that 
certain plants grow under certain climatic conditions, and by examining samples 
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Crawford Bog 

Figure 13. Pollen diagram of samples from Crawford bog. 

mity within the peat sequence needs to be assessed as the dates are surprisingly 
old. They presumably are minimum dates for the draining of Lake Iroquois. 

A kettle bog at Copetown, just south of the area, was studied by Terasmae 
(Figure 15, Chart D, back pocket). This site records vegetative changes from within 
the spruce zone (11 000 to 12 000 years B.P.) to near the present. A radiocarbon 
date (GSC-130) of 9230 ±180 years B.P. was obtained from within the pine pollen 
zone. 
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Historical Geology 
EARLY WISCONSINAN 
There is no record of pre-Wisconsinan glacial or interglacial events in the Hamilton-
Cambridge report area, and only questionable evidence of Early Wisconsinan 
events. No fossiliferous materials older than postglacial have been discovered that 
would indicate interstadial warmer climates. Nevertheless, it is believed that the 
"lower beds", and perhaps the Canning Till, are correctable in age to the Early 
Wisconsinan substage, and Port Talbot and Plum Point Interstadials. The similarity 
of the Canning Till to the Port Stanley Drift indicates a similar origin for both. 

Dreimanis (1960) suggested that the deposition of the Stanley drift followed an 
interstadial interval he named the Erie, during which the Erie lobe retreated to the 
eastern end of the Lake Erie basin. Readvance of the ice over lake clay, which 
had been laid down in a glacial lake west of the ice, formed a fine-grained till that 
was distributed to the western end of the basin during Port Bruce time. 

In a similar manner, perhaps, the Canning Till represents an ice advance from 
the eastern end of the Lake Erie basin over lake clay. The extent and time of 
occurrence of this advance can only be guessed. The position of the Canning Till 
immediately below the Catfish Creek drift, and its relatively consistent preservation 
along the Nith River, suggest it is possibly an advance substage of the Late 
Wisconsinan. On the other hand, the fact that wood has been found in the base of 
Catfish Creek Drift at Port Talbot suggests that there was no high-water level at the 
time. 

Interstadial organic remains are now known from several nearby sites: Wood
stock (Cowan 1975), Glen Allan (Karrow 1971), Guelph (Karrow et al. 1978), and 
Waterloo (Karrow and Warner 1984). Because of problems associated with correla
tion of subsurface units, it is not possible to establish the age of the Canning Till 
and the "lower beds" in relation to any of these sites, and thus their age must 
remain uncertain. 

LATE WISCONSINAN 
The oldest deposit believed to be definitely of Late Wisconsinan age is the Catfish 
Creek drift, a silty stony sandy till found at many places at depth west of a line 
through Paris and Cambridge. All evidence indicates that the ice moved generally 
westward; when the ice was thin, it moved northwest, and when thick, southwest. 
At Port Talbot, on Lake Erie, wood from the base of the till has been dated at 24 
600 ± 1600 (L-217B), 27 250 ± 130 (Gro-2625), 27 500 ± 1,200 (W-177), and 28 
200 ± 1500 (L-185B), according to Dreimanis et al. (1966). The wood is referred to 
the Plum Point Interstadial (Dreimanis and Karrow 1972). The southward advance 
of the Late Wisconsinan ice sheet has been well documented by radiocarbon 
dating at many localities from the north shore of Lake Erie to southern Ohio 
(Dreimanis and Goldthwait 1973). As pointed out by Forsyth (1960) and Karrow 
(1974), there is a textural and stratigraphic similarity in tills throughout the area 
covered by the Erie lobe which permits widespread correlation of major units. 

The Late Wisconsinan glacial advance that deposited the Catfish Creek Till 
apparently reached its maximum extent in southern Ohio, 18 000 or 19 000 years 
ago (Dreimanis and Goldthwait 1973). Retreat of the ice front was considerably 
more rapid than the advance because only about 5000 years was required for the 
ice to recede for the last time to the Niagara Escarpment, east of Port Talbot. 
However, within that time interval, the ice had probably retreated to near the 
Niagara Escarpment before readvancing to deposit the finer Port Stanley Till. 
During this major retreat, a lake was formed in the Erie basin; the short interval of 
warmer climate has been designated the Erie Interstadial by Dreimanis (1959). At 
least in its eastern portion, this lake received large quantities of red clay outwash 
derived from the Queenston Formation; the incorporation of the red clay caused 
the brown or purple colour that predominates in the Port Stanley Till. While 
overridden lacustrine clay became the clayey Port Stanley Till in the south, the 
correlative readvance north of Cambridge laid down sandy till in the flank of the 
lobe, where the ice overrode bedrock and outwash deposits. One of the early 
fluctuations of this advance apparently deposited the clay till (Maryhill) associated 
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with varved clay in the Grand River valley north of Cambridge. Although an eastern 
source for this till is still not proven, the balance of evidence favours it. 

The retreat of the Port Stanley ice was oscillatory, as recorded by the 
numerous moraines (Ingersoll, Westminster, St. Thomas, Norwich, and Tillsonburg). 
Subsequently, a small area near Ayr became permanently freed from ice cover. 
The Guelph drumlin field and associated eskers became uncovered during this 
retreat. How far east this ice retreat extended is not known, but it probably allowed 
drainage of the Lake Erie basin, at least, by receding east of the Niagara 
Escarpment. On the surface of this till, Morgan (1972) has discovered many 
occurrences of ice-wedge polygons, which he interprets as evidence of harsh 
climatic conditions. 

Then followed a strong ice advance that probably truncated earlier moraines 
near Ayr and deposited the Wentworth Till over most of the Cambridge map area. 
The ice extended only partly down into the Lake Erie basin and stopped at a 
position marked by the Paris Moraine. During the subsequent retreat, the Gait and 
Moffat Moraines, and small eskers and kames were formed between the drumlins. 
According to the current hypothesis favoured by Barnett (1979), Lakes Whittlesey 
and Warren were both formed in association with the next ice advance, which 
barely surmounted the Escarpment and formed several small moraines there 
(Waterdown Moraines). 

This readvance deposited the Halton Till and is considered to be of Port Huron 
age. New ice-marginal channels were developed along, or just west of, the 
Escarpment and discharged into glacial lakes to the southwest. At re-entrants in 
the Escarpment, projecting tongues of ice stagnated to form kame deposits. 

The last retreat of ice from the area allowed drainage of Lake Warren and the 
short-lived Lake Peel north of the Trafalgar Moraine. When the ice had retreated 
some distance to the east, and water levels reached that of the Rome outlet in the 
State of New York, Lake Iroquois was formed. Prominent shore features of this lake 
were developed in the Hamilton area about 12 000 years ago. Drainage of Lake 
Iroquois, more than 11 000 years ago, initiated Lake Ontario, which formed more 
than 60 m below its present level because the outlet at that time was much 
depressed by the glaciers. Slow upwarp of the land has gradually raised the water 
level in the Lake Ontario basin to its present level and tilted the formerly horizontal 
shorelines of Lakes Whittlesey, Warren, and Iroquois. Early stages of this uplift 
took place during the existence of Lake Iroquois, and the bars at the western end 
of the lake migrated westward, covering lagoonal sediments which included wood, 
shells, and bones. These were the sediments encountered in the Hunter Street 
tunnel and the City Hall excavation in Hamilton. 

After deglaciation and draining of the lakes, stream erosion began. As yet, 
however, only a small amount of sediment has been carried away, leaving the 
region in a very youthful state of geomorphic evolution. 
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Urban Geology 
There are three major urban areas in the report area: Hamilton, Cambridge, and 
Kitchener-Waterloo. Because of the population density of such areas and resulting 
concentration of construction activity, more detailed knowledge of the sequence 
and nature of deposits in such areas is needed and and would be useful. The 
generalized nature of the field work for this report did not yield the desirable level 
of detail; only continued attention over many years with examination of exposures 
in excavations and of samples from test borings can provide this in urban areas. 
Nevertheless, because of the particular interest attaching to the geology of urban 
areas, even brief and sketchy comments made here may be of interest and of 
value. 

HAMILTON 
The downtown area of Hamilton is situated on part of the Iroquois lake plain and it 
is underlain by a veneer of fine sand. A major Iroquois gravel beach ridge, trending 
through the business area, has yielded fossil plants and animal remains at several 
sites. The Lake Iroquois sediments may be up to several metres in thickness, and 
they generally rest on grey Halton Till which has a relatively low boulder and stone 
content. The till is several metres thick and may rest on bedrock, older lake clays, 
and/or an older basal till which is commonly coarser textured and more stony than 
the usual Halton Till. The bedrock surface slopes down toward the north, toward 
the deep Dundas buried valley which underlies the northern part of Hamilton 
Harbour. The Harbour area is underlain by various, soft, lake sediments which 
have been steadily encroached upon by fill which was placed for industrial 
development along the southern side of the harbour. 

The bedrock surface (red shale) rises to the south and comes to the surface 
near the base of the Escarpment ("Hamilton Mountain"); a steep cliff at the 
Escarpment separates the older, lower, part of the city from the more recent 
suburban development on top. Above the Escarpment, varying thicknesses of 
Halton Till form the usual surface deposits. 

Urban development north of the Harbour has led to the coalescence and 
growth in the Burlington area. Urban development north of the Harbour has spread 
north from the Lake Iroquois plain. North of the Lake Iroquois shoreline, Halton Till 
overlies the red shales of the Queenston Formation at a depth of a few metres. 

CAMBRIDGE 
The central part of the Gait portion of Cambridge is on the Grand River floodplain; 
it has flooded many times, the most recent flood being during the spring of 1974. 
Silurian dolostone bedrock is at or near the surface near the river. The thickness of 
the fluvial gravels back from the river varies. Newer suburbs are spreading 
westward over the sandy and stony Wentworth Till of the Paris Moraine. In the 
eastern parts of the city, Wentworth Till overlies thick outwash gravel; together they 
form an eroded scarp just east of the downtown area. Eastern suburbs are 
spreading onto the rolling topography of the Gait Moraine and its associated 
outwash gravels. These gravels extend northward, forming higher and intermediate 
terraces under Preston. Much good quality gravel has been built on, and is 
unavailable for use in that vicinity. 

Hespeler, like Gait, has a central part near the river which was built on rock. 
Away from the river course, Wentworth Till forms the rolling surface of the Paris 
Moraine. 

KITCHENER-WATERLOO 
The old city centres are on the eastern edge of the Waterloo Moraine. A descrip
tive, early name for the settlement was "Sandhills". Bedrock is found at great 
depth and the nature of the overlying deposits is largely unknown. A complex 
arrangement of interbedded tills, of varying nature, and sands have not been 
adequately interpreted. Present theories suggest that the hard, stony and sandy 
Catfish Creek Till is at least several metres to a few tens of metres below the 
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surface. Clayey Maryhill Till probably extends throughout the cities and at least two 
layers separated by sand are known from University Avenue East in Waterloo. Silty 
Tavistock Till, although present in northwestern Waterloo, has not been traced into 
Kitchener. 

Eastern Kitchener has spread onto generally level terrain west of the Breslau 
Moraine. There, the sandy Port Stanley Till wedges out over outwash sand and 
gravel, the level surface of which provides the nearly flat topography. Excavations 
on King Street East showed these relationships well. During wastage of the Port 
Stanley ice, the thin till sheet was dismembered by ice-marginal meltwater chan
nels in which shallow peat bogs later developed. Part of one of these channels is 
followed by the Conestoga Parkway for a short distance. Some of the peat bog and 
swamp has been preserved as park land. 

Urban development at the southern end of Kitchener is encroaching onto parts 
of the Waterloo Moraine. The Waterloo Moraine was overridden by the Port Stanley 
ice advance, and is composed of complex deposits of sandy to silty upper till, 
kame sands and gravels of varying nature and thickness, and an underlying clayey 
till (Maryhill Till). 
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Economic Geology 
GENERAL 
In a highly industrialized and densely populated region such as the Hamilton-
Cambridge area, there is a large demand for industrial minerals such as sand and 
gravel, and clay which are used chiefly in the construction industry, and to a lesser 
degree in the manufacture of cultural products, such as pottery. These resources 
were summarized by Hewitt (1968) for the Hamilton area. Water is the most 
important resource of all, for both direct human consumption and for industrial use. 
These three, (sand and gravel, clay, water) constitute the major mineral products of 
the area, and all are derived from Quaternary deposits. 

The use of Pleistocene materials is not restricted to their being mined for 
industrial products. The construction industry is concerned not only in building 
with, but also in building on, Pleistocene deposits. Engineering geologists evaluate 
the properties of soils for their use as fill for roads and dams, and for their use as 
a base for the foundations of large buildings. Some soils are troublesome to 
excavate. 

The Hamilton-Cambridge area benefits a great deal from agricultural produc
tion, and is, therefore, dependent on the quality of the soils. Pedological classifica
tion is based on the nature of the parent material, that is, the Quaternary deposits. 

CLAY 
The clay industry is concentrated in, or near, Hamilton. Clay pits in Hamilton 

and Aldershot supply plants situated in Hamilton, Aldershot, and Clarkson. The 
products include: drain tile, sewer pipe, flue linings, and pottery. 

The clay used in these products is derived directly or indirectly from the shale 
of the Queenston Formation. This red shale weathers rapidly to a residual soil of 
red clay that can be used directly in manufacture. Erosion of this clay from the 
lower slopes of the Escarpment has yielded red muds that have been deposited as 
postglacial alluvium. Older deposits of similar origin occur in the sediments of Lake 
Iroquois, particularly in the lagoon sediments behind the (Hamilton and Aldershot) 
gravel bars in West Hamilton and Aldershot. 

Unexploited deposits include small areas southwest of Mount Nemo and Mill 
Grove and deeper deposits near Troy. The same deposits are used for brick 
manufacture farther south at Brantford where they have a higher content of clay. 
The content of stone in some tills, such as those in the Dundas district or parts of 
the middle till (Maryhill) at Kitchener, may be low enough to permit the use of the 
tills in the clay industry. Guillet (1967, 1977) has described the clays and clay 
industry in some detail. 

SAND AND GRAVEL 
During the course of this study, about 100 active and/or abandoned pits were 
found; of these, only a few have permanent processing plants yielding large 
production. The products include a wide range of sands and gravels (pit run, 
washed, screened, crushed) for use in concrete, concrete blocks, ballast, and on 
highways and county and municipal roads. 

Gravel sources may be said to lie in three geographic regions. The first 
includes the kame, esker, and outwash deposits associated with, and west of, the 
Gait and Paris Moraines; the gravel plains along the Speed and Grand Rivers are 
the most prominent sources within' the region (Photo 19). The second region 
includes kame, esker, and beach gravels southeast of the Gait Moraine; most of 
the deposits are relatively small, and the beach gravels are to be found in small 
spits or bars built by Lakes Whittlesey and Warren as a result of wave erosion of 
Wentworth Till in the drumlins. The third region includes outwash gravels carried 
from farther north along the Escarpment, and the Lake Iroquois bars at Hamilton 
(now largely worked out or built over); these outwash gravels are worked mainly 
near Rattlesnake Point and Kilbride. 

Unexploited deposits are particularly abundant in the first region north and 
west of Cambridge, where there are extensive outwash plains and terraces. The 
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PEAT 
Little attempt has been made to exploit the numerous deposits of peat in the area. 
Surveys of Beverly Swamp and Branchton Bog by Leverin (1941, 1943) were 
published by the Canada Bureau of Mines. The last producer in the area, Humar 
Corporation, produced from Beverly Swamp. 

MARL 
Marl deposits were formerly worked at Lake Medad, and near Kilbride; these were 
abandoned many years ago. Marl is common in beds at the base of swamps and 
bogs. Guillet (1969) has reviewed the use of marl in Ontario. 

ENGINEERING GEOLOGY 
The results of this study can provide only the framework on which to base the 
local detailed studies necessary for engineering projects. A regional description 
has been presented of the history of glaciation and distribution of deposits. 

Studies of the engineering properties of the Quaternary deposits have been 
undertaken by Lee (1969) and White and Lee (1971) for Waterloo County. Christen-
sen (1963) conducted a study of till properties in the Kitchener-Waterloo urban 
area. Soils data have been compiled for Hamilton and Kitchener in a national 
project undertaken by the Geological Survey of Canada in the early 1970s (Morin 
1975, 1976, 1978; White et al. 1975; Fenton 1977) and for the Regional Municipality 
of Waterloo by the University of Waterloo a few years later (White et al. 1975; 
Fenton 1977). 

In Kitchener-Waterloo the chief problems have been with quick conditions in 
the fine sands of the Waterloo sand hills, and severe settling where buildings have 
been constructed on fill placed over peat. Cambridge is largely built on bedrock or 
coarse gravel which provide generally good foundation conditions. 

Quicksand conditions can be expected in any of the fine sands of the 
Waterloo Moraine, Lake Warren deposits, or Lake Iroquois deposits. Areas of 
organic soils are mapped where they exceed 1 m in thickness. Settlement may be 
troublesome on lake clays, but these do not occur in urban areas. 
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APPENDIX A 
Descriptions of Measured Sections 

G-5 Section 
(Bridgeport) 

Metres 
0-1.2 

Feet 
0-4 Fine to medium, stratified sand and silty sand; 

gravelly in some places. 
1.2-3.7 4-12 Massive, red-brown, silt, stratified sand, brown tilly 

zones. 
3.7-8.5 12-28 Dark grey-brown silty clay till; few pebbles. 
8.5-10.7 28-35 Olive sandy, stony till. 

10.7-17.7 35-58 Slump to river-level; occasional exposures of olive 
till. 

G-6 Section 
(Freeport) 

0-3.7 0-12 Cream, fine, stratified sand; some gravel. 
3.7-10.1 12-33 Dark brown, clayey, silt till; pebble free. 

10.1-15.9 33-52 Sandy, stony, yellow-buff till; sandier to base. 
15.9-16.8 52-55 Sandy, stony, grey-brown till. 
16.8-21.0 55-69 Slump to river-level. 

G-8 Section 
(Homer Watson Park) 

0-0.6 0-2 Fine, silty, white sand; gravel lenses. 
0.6-3.7 2-12 Pink to buff-brown, sandy, moderately stony till. 
3.7-7.0 12-23 Partly cemented, rounded, medium gravel. 
7.0-11.3 23-37 Fine, silty, white to buff sand. 

11.3-12.5 37-41 Contorted, dark, reddish varved clay. 
12.5-13.4 41-44 Dark brown, clayey, silt till; few pebbles. 
13.4-17.7 44-58 Slump; intermittent till exposures. 
17.7-18.6 58-61 Contorted, dark brown varved clay. 
18.6-24.4 61-80 Sandy, olive to brown, stony till. 
24.4-26.5 80-92 Slump to river-level. 

G-436 Section 
(Waterloo Sewage Treatment Plant) 

0-1.5 0-5 Sandy buff till. 
1.5-6.1 5-20 Stratified gravel. 
6.1-14.9 20-49 Dark, purplish brown, silty clay till; in part from 

borehole. 
14.9-19.2 49-63 Sandy, buff, stony till; from borehole. 
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G-490 Section 

Metres Feet 
0.1.2 0-4 Fine to coarse gravel. 
1.2-4.3 4-14 Stratified, fine sand. 
4.3-4.6 14-15 Silty brown sand and red-brown clay. 
4.6-5.5 15-18 Stratified sand. 
5.5-19.8 18-65 Clayey, sandy, stony till grading down into clayey 

silt till. 
19.8-30.2 65-99 Grey buff, sandy, stony till. 
30.2-35.4 99-116 Dark grey, silty sand till. 
35.4-36.6 116-120 Slump to river-level. 

H-215 Section 
(Below Escarpment, near Canada 

Crushed Stone railroad yard) 

0-6.4 0-21 Stratified, medium to coarse, grey-buff sand. 
6.4-10.1 21-33 Moderately cemented, rounded, medium gravel. 

10.1-13.7 33-45 Stratified sand, as in ftge. 0-21. 
13.7-16.8 45-55 Olive and brown, laminated to varved silt and clay 

siltier and more massive to base; till lenses near 
top. 

16.8-25.9 55-85 Grey silt till; nearly stoneless at top, but more 
stony at base. 

25.9-26.2 85-86 Red, medium sand. 
26.2-27.2 86-89 Buff, dense, fine sandy to silty till. 
27.2-34.5 89-113 Slump to railroad track-level. 

H-375 Section 
(Halton Till Stratotype Section) 

0-0.3 0-1 Yellow medium sand. 
0.3-2.0 1-6.5 Buff-brown, substratified clayey silty till. 

Semivarved in part. Waterlain till. 
2.0-6.9 6.5-23 Red-brown, blocky, clayey till; upper part 

substratified. 
6.9-12.6 23-42 Dark grey, purplish, stony clayey till. 

12.6-14.1 42-47 Interbedded purple till and well-sorted, contorted 
sand and minor fine gravel. 

14.1-16.2 47-54 Slump covered to stream. 
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P-3 Section 

Metres 
0-5.5 

Feet 
0-18 Stratified, rounded, sand and gravel. 

5.5-7.0 18-23 Stratified, pink, buff, and olive, silty sand. 
7.0-7.6 23-25 Grey-brown, medium sand and gravel. 
7.6-7.9 25-26 Silty, buff sand and substratified silt; till-like in 

part. 
7.9-9.8 26-32 Hard, sandy, stony till. 
9.8-10.1 32-33 Grey, rounded, fine gravel. 

10.1-10.7 33-35 Grey-buff, sandy, stony till; stonier downwards. 
10.7-11.6 35-38 Maroon clay till; fairly stone-free. 
11.6-13.4 38-44 Heavy slump. 
13.4-19.5 44-64 Red clay till; more massive and stone-free toward 

base. 
19.5-21.4 64-70 Stratified, fine, ivory sand, grey-buff silt, and silt 

till; badly contorted. 
21.4-22.3 70-73 Fine, sandy to silty, brown, stony till. 
22.3-24.1 73-79 Slump to river-level. 

P-4 Section 
(Section complex; measured in several parts) 

0-3 0-10 Brown silt till, few pebbles. 
3-5.5 10-18 Hard, buff, sandy, stony till. 
5.5-7.0 18-23 Dark grey, silt till; few boulders. 
7.0-8.8 23-29 Grey-buff, stony, fine, sandy till. 
8.8-12.1 29-40 Slump to river-level. 

P-8 Section 

0-8.9 0-29 Medium, subrounded, loose dolomite gravel. 
8.9-14.6 29-48 Weakly to well-cemented, fine to medium, 

subangular to subrounded, stratified gravel; 
current to west. 

14.6-17.7 48-58 Purple clay till; thin sand stringers near base. 
17.7-18.0 58-59 Stratified sand, silt and clay; strong water-flow 

undermining bank. 
18.0-21.4 59-70 Slump to river level. 
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P-9 Section 

Metres 
0-0.6 

Feet 
0-2 Topsoil. 

0.6-4.3 2-14 Sandy, silty, stony, brown till; siltier with depth. 
4.3-4.9 14-16 Brown, silty clay till; pebbles very scarce. 
4.9-5.2 16-17 Reddish, silty, medium sand. 
5.1-5.5 17-18 Dirty, subangular. fine to medium gravel and sand. 
5.5-6.1 18-20 Brown and dark brown, reworked varved clay. 
6.1-8.2 20-27 Same as ftge. 18-20, but more till-like. 
8.2-10.4 27-34 Alternating, thick beds of grey, white, fine, 

stratified sand, and brown, hard, silty sand and 
silt; contorted in lower part. 

10.4-11.6 34-38 Laminated silt, clay and sand; contortion 
decreases downward; purple colour. 

11.6-12.2 38-40 Slump; transferred section to west end. 
12.2-15.9 40-52 Brown, stratified to massive silt; contorted. 
15.9-17.7 52-58 Reworked stratified silt and fine sand with few 

pebbles; till-like. 
17.7-18.0 58-59 Very pebbly, sandy, silt till. 
18.0 59 River-level. 

P-10 Section 
Canning Section 

(See Figure 7, Page ) 

0-6.4 0-21 Buff to brown, clayey, silt till; few pebbles, 
noticeable red shale and greenstone. 

6.4-6.7 21-22 Light grey, well-sorted, fine, stratified sand. 
6.7-7.6 22-25 Hard, stony, sandy till; greenstone. 
7.6-8.2 25-27 Interbedded sand, gravel and till. 
8.2-9.5 27-31 Grey and buff, stony, sandy till. 
9.5-9.8 31-32 Poorly-sorted grey sand; red shale. 
9.8-11.6 32-38 Purple, pebble-free, clay till. 

11.6-19.5 38-64 Slump to river-level. 

P-12 Section 

0-0.9 0-3 Brown silt tilt; few pebbles; greenstone. 
0.9-1.5 3-5 Sandy, silt till; basal contamination of above till. 
1.5-1.9 5-6 Subangular, sandy, gravel. 
1.9-3.7 6-12 Kame-1 ike medium sand and hard, sandy stony till; 

greenstone. 
3.7-6.4 12-21 Interbedded fine, silty sand, and red-brown to 

purple clayey, silt till. 
6.4-7.9 21-26 Purple clayey silt till; red shale. 
7.9 26 River-level. 
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P-16 Section 

Metres 
0-2.5 

Feet 
0-8 Coarse, buff sand. 

2.5-2.7 8-9 Medium, stratified, buff sand. 
2.7-5.2 9-17 Buff, sandy till. 
5.2-6.4 17-21 Buff, sandy, stony till. 
6.4-9.5 21-31 Grey, sandy, stony till. 
9.5-9.8 31-32 Same as ftge. 21-31, with sand and clay bands. 
9.8-11.6 32-38 Interbedded medium sand and till; chert and 

greenstone. 
11.6-12.8 38-42 Stratified, buff sand and silty sand. 
12.8-18.3 42-50 Dense, stratified, silty sand, silt and silty clay. 

P-18 Section 

0-3.7 0-12 Purple, sandy, stony, silt till. 
3.7-10.7 12-35 Purple clay till; pebble-free; remanent 

stratification. 
10.7-12.8 35-42 Greenish yellow, slightly silty sand; contorted. 
12.8-13.4 42-44 Stratified, contorted grey silt. 
13.4-13.7 44-45 Greenish yellow, stratified, silty sand. 
13.7-14.3 45-47 Stratified sand, and green and red silt till. 
14.3-14.9 47-49 Greenish grey silt till; pebbles mostly green. 
14.9-17.4 49-57 Faulted and contorted, dense, tan, silty sand. 
17.4-20.7 57-68 Contorted silty sand, and medium buff sand. 
20.7 68 River-level. 

P-19 Section 

0-4.0 0-13 Brown, sandy, silt till; yellow sandy stringers 
toward base. 

4.0-9.5 13-31 Grey, sandy, silt till; red shale. 
9.5-10.1 31-33 Brown, medium sand; few pebbles. 
10.1-18.3 33-60 Uniform, stratified, buff, medium sand. 
18.3-18.9 60-62 Purple silt till; boulders common. 
18.9-22.6 62-74 Massive purple silt. 
22.6-24.4 74-80 Slump to river-level. 
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P-20 Section 

Metres 
0-1.2 

Feet 
0-4 Fine, poorly-sorted, sub-angular to subrounded, 

grey-buff, sand and gravel. 
1.2-1.5 4-5 Stratified, fine, silty sand. 
1.5-4.0 5-13 Brown silt till; few pebbles. 
4.0-10.1 13-33 Grey silt till. 

10.1-13.7 33-45 Stratified, grey, fine sand and silt, grading 
downward into thick-varved clay and silt. 

13.7-14.9 45-49 Grey silt till. 
14.9-16.2 49-53 Slump to river-level. 

W-1 Section 

0-5.5 0-18 Brown silt till. 
5.5-6.1 18-20 Buff, sandy silt; pinches out to south. 
6.1-8.5 20-28 Buff, silt till; red shale. 
8.5-9.2 28-30 Fine, buff, silty sand till. 
9.2-11.0 30-36 Grey silty clay till; remanent stratification. 

11.0-12.5 36-41 Contorted, grey varved clay. 
12.5-13.4 41-44 Stratified buff silt and fine sand. 
13.4-16.5 44-54 Stony, sandy, buff, silt till. 
16.5-20.8 54-68 Fine buff sand and silty sand; contorted. 
20.8-21.1 68-69 Buff, stony, sandy, silt till. 
21.1-31.1 69-102 Slump. Transferred section to south. 
31.1-34.2 102-112 Hard, stony, sandy, silt till; overlain by silts and 

sands. 
34.2-35.7 112-117 Dark grey, biocky silt till; few pebbles. 
35.7 117 River-level. 

Note: This section has been studied in detail by McLaren (1979). 
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Analyses of till samples 
Notes 1. Sd = sand (2-0.062 mm) 

CI = clay (<0.002 mm) 
T = total carbonate in 0.074 mm fraction 
R = ratio calcite/dolomite in 0.074 mm fraction 
Ls = limestone 
Dol = dolostone 
CI = elastics 
Ch = chert 
Prec = crystalline Precambrian 

2. Tills: H - Halton 
W - Wentworth 
P - Port Stanley 
M - Maryhill 
CC - Catfish Creek 
PCC - pre Catfish Creek other than Canning 
C - Canning 

3. Pebble counts are on sizes 2.5 - 5 cm. 
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Till Texture Carbonate Pebble lithology 
Sample 
Site Sd CI T R LS Dol CI Ch Prec. 
B-4 H 13 44 _ _ 

G-1A P 36 15 49 0.7 - - - - -
-1B CC 49 12 55 0.5 - - - - -
-2 M 18 38 44 1.3 - - - -CO

 P 49 12 47 0.5 - - - - -
-5A M 

CO
 62 36 2.6 28 63 1 0 7 

-5B CC 41 14 45 0.9 23 56 1 0 16 
-6A M 1 63 41 2.2 - - - - -
-6B CC 40 16 45 0.7 - - - - -
-6C PCC 24 31 31 1.8 - - - - -
-8A P 27 26 - - - - - - -
-8B M 6 52 37 2.1 - - - - -
-8C CC 42 15 50 0.7 - - - - -
-10 H 16 33 26 2.3 - - - - -
-42 W 32 17 33 0.7 - - - - -
-88 W? 24 21 24 1.7 - - - - -
-177 W 42 9 37 0.6 - - - - -
-212A C? 6 43 - - - - - - -
-212B CC? 35 24 - - - - - - -
-214 ? 17 30 41 1.6 - - - - -
-215 CC? 31 19 35 1.2 - - - - -
-216 p 35 17 30 1.3 - - - - -
-220 p 23 33 35 1.5 - - - - -
-239 p 28 19 34 1.1 23 55 4 0 8 
-255 p 32 12 37 1.2 - - - - -
-349 w 55 6 49 0.4 - - - - -
-402 w 54 6 - - - - - - -
-429 CC 37 19 46 0.7 28 66 1 0 3 
-489A CC 40 11 - - - - - - -
-489B PCC? 29 22 - - - - - - -
-490u M 58 20 - - - - - - -
-490L PCC? 26 26 - - - - - - -
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Till Texture Carbonate Pebble llthology 
Sample 
Site Sd Ci T R LS Doi CI Ch Prec. 
G-601 W? 18 21 21 1.6 - - - - -

-644 W 40 13 66 0.5 - - - - -
-794 W 61 9 - - - - - - -
-879 W 44 12 38 0.3 - - - - -
-947 W 49 10 32 1.0 26 47 5 0 7 
-975 W? 65 7 35 0.3 15 82 0 0 2 
-1150A P 42 14 47 0.4 - - - - -
-1150B CC 67 6 46 0.8 - - - - -
-1191 P 17 21 37 1.6 42 28 6 - 19 
-1422 P 41 11 42 0.6 - - - - -
-1463 M? 22 37 42 0.8 - - - - -
-1497 W 54 7 43 0.2 20 67 5 0 5 
-1597 W 45 8 61 0.6 - - - - -
-2049 ? 18 26 41 1.2 - - - - -
-2100 W 45 8 62 0.2 - - - - -
-2101 CC? 52 7 48 0.5 - - - - -

St. 
Georges' 

w 41 11 - - - - - - -

Mineral 
Springs 

H 4 26 - - - - - - -

H-2A H 28 26 - - - - - - -
-2B H 33 26 - - - - - - -
-136 H 22 27 34 2.4 - - - - -
-140 H 25 31 28 2.5 - - - - -
-144 H 25 30 29 2.6 - - - - -
-155 H 20 29 27 3.5 - - - - -
-164 H 16 30 - - - - - - -
-167A H 29 19 - - - - - - -
-167B H 28 26 - - - - - - -
-167C H 26 26 - - - - - - -
-175 H 4 51 - - - - - - -
-196 H 11 43 35 2.5 - - - - -
-213 H 13 41 28 2.5 - - - - -
-216 H 10 44 - -
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Till Texture Carbonate Pebble lithology 
Sample 
Site Sd CI T R LS Dol CI Ch Prec. 
H-226 H 25 21 20 2.3 - - - - -
-229 H 7 47 37 3.6 - - - - -
-233 H 20 32 27 2.0 - - - - -
-267 H 7 32 - - - - - - -
-282 H 12 37 30 2.8 - - - - -
-290 H 28 35 34 2.8 - - - - -
-322 W 50 12 37 1.6 48 20 11 0 12 
-336 W? 46 9 - - - - - - -
-354 H 25 27 - - - - - - -
-355 H 27 28 20 1.9 - - - - -
-409A H 22 36 - - - - - - -
-409B W 55 13 30 2.0 - - - - -
-410 H 26 26 28 2.5 - - - - -
-418 H 21 35 - - - - - - -
-431 H 23 22 33 1.3 - - - - -
-445 H 27 30 16 1.7 - - - - -
-458 H 15 42 24 1.7 - - - - -
-504 H 26 37 31 1.8 - - - - -
-624 H 30 30 35 1.7 - - - - -
-704 H? 36 21 23 3.6 - - - - -
-720 H 15 14 26 2.3 - - - - -
-731 H? 27 31 22 3.4 - - - - -
-750A H - - 24 2.0 - - - - -
-750B H - - 26 1.6 - - - - -
-750C H - - 23 1.3 - - - - -
-750D H - - 31 1.4 - - - - -
-762 H - - 34 2.1 - - - - -
-772 W 38 13 35 0.9 - - - - -
-780A H 17 35 24 1.7 - - - - -
-780B H 25 31 23 1.6 - - - - -
-790C H 14 35 24 1.7 - - - - -
-780D H 22 27 24 2.4 - - - - -
-780E H 27 25 27 1.5 - - - - -

73 



HAMIL TON-CAMBRIDGE AREA 

Till Texture Carbonate Pebble llthology 
Sample 
Site Sd CI T R LS Dol CI Ch Prec. 

H-793 W 43 11 36 1.0 - - - - -
-794 W? - - 56 0.3 - - - - -
-813 H 9 26 27 1.7 - - - - -
-816A H? 21 37 22 1.8 - - - - -
-816B H? 32 25 23 1.6 - - - - -
-816C H? 25 32 24 1.7 - - - - -
-823 H? 27 27 - - - - - - -
-1000 H 13 CO

 

28 2.2 - - - - -
-1001 W 35 CO

 

33 1.3 - - - - -
P-3u CC 38 15 - - - - - - -

-3M C 1 60 21 1.1 - - - - -
-3L PCC 39 21 - - - - - - -
-4A PCC? 38 15 47 0.3 25 62 0 0 11 
-4B PCC? 26 33 31 1.2 - - - - -
-4C CC 38 12 55 0.4 - - - - -
-5 P 9 32 - - - - - - -
-6 W 50 11 - - 27 63 0 0 9 
-7 W 52 7 - - 10 80 0 0 9 
-8 C CO

 

32 38 1.1 - - - - -
-9A CC 28 16 - - - - - - -
-9B C? 6 24 - - - - - - -
-9C PCC 44 17 - - - - - - -
-9D CC? 32 17 - - - - - - -
-10A P 8 32 37 1.5 - - - - -
-10B CC 40 17 38 1.1 - - - - -
-10C CC 45 17 40 1.0 - - - - -
-10D c 8 48 35 0.8 - - - - -
-10E PCC 29 32 37 0.7 - - - - -
-11A p 12 35 36 2.0 32 59 2 0 5 
-1 IB CC? 40 15 - - - - - - -
-11C CC 41 10 34 1.0 - - - - -
-11D c 2 53 - - - - - - -
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Till Texture Carbonate Pebble lithology 
Sample 
Site Sd CI T R Ls Dol CI Ch Prec. 
P-16A CC 45 13 - - 31 51 0 5 9 

-16B C? 15 21 - - - - - - -
-18A CC 26 26 - - - - - - -
-18B CC 30 27 - - - - - - -
-18C C 2 52 - - - - - - -
-19 CC 35 24 - - - - - - -
-20A P 6 35 - - 32 61 0 0 6 
-20B C? 22 27 - - - - - - -
-21 W? 74 

00 - - - - - - -
-22 W 59 8 - - - - - - -
-23 C 11 44 - - - - - - -
-25 P 7 28 - - 22 71 0 1 4 
-26 W 51 8 - - CO

 

82 0 0 4 
-27 W 42 8 - - 19 76 0 0 3 
-28 P 15 25 - - - - - - -

W-1-AA C 23 33 - - - - - - -
-1-BB CC 38 15 - - - - - - -
-1-CC CC 44 11 - - - - - - -
-1-DD P 19 33 - - - - - - -
-1-EE P 21 25 - - - - - - -
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Heavy Mineral Analyses of Till Samples 

Sample B-4 G-5B G-8C G-220 G-1422 H-144 H-322 H-418 H-624 H-772 
Apatite 2 2 2.2 1.5 1.5 2.1 3.2 2.5 2 2 
Ciinopyroxene 22 19 10.2 21.9 11 14.1 15.3 16 14 19 
Enstatite 1 0 0 0.3 0.9 0.6 0.5 2 0 1 
Clear Garnet 7 7 8.3 6.2 6.6 10.7 8.6 10 12 10 
Red Garnet 5.5 15 13.1 8.2 12.2 5.4 12.5 5 4 10 
Hornblende 42 36 41.5 42.9 46.7 49.4 40 48 42 42 
Hypersthene 

CO
 3 4.7 3.6 6.7 2.4 3.5 2.5 3 2 

Kyanite 0 0 0.3 0.3 0.3 0.6 0.3 0 0 0 
Magnetite 8.1 14 12.7 6.6 9.6 7.4 9.1 8 12 10 
Pyrite 4 0.5 0 0 0 0.3 0.2 2 4 0 
Riebeckite 0 0 1.2 0.6 0.9 0 2.0 0 0 0 
Rutile 0.5 2 0 0 0 0.5 0.3 2 1 1 
Sphene 2 1 0.9 0.6 0 1.1 1.3 1 1 1 
Tourmaline 0.5 0 0.3 1.2 1.2 0.4 0 0 1 0.5 
Tremolite 0 1 4.3 5.1 2.9 4.3 3.0 0.5 2 0.5 
Zircon 0 0 0.3 0 0.6 0 0.7 1 0.5 1 
C/R Garnet 1.2 0.4 0.6 0.8 0.5 2.3 0.7 1.9 2.9 0.9 
Till Sheet H CC CC P P H W H H W 
Notes: C/R garnet = ratio of clear garnet/red garnet 
PCC = pre-Catfish Creek Till 
CC = Catfish Creek Till 
W = Wentworth Till 



APPENDIX C (cont'd) 
Heavy Mineral Analyses of Till Samples 

Sample H-793 P-3L P-3U P-11A P-22 P-28 St.G. W-1AA W-1BB W-1EE 
Apatite 2 2 1 1.9 3.2 2.8 2.6 4.2 2.3 1.7 
Clinopyroxene 18 17.4 21 19.2 14.6 11.2 22.9 11.7 7.3 11.3 
Enstatite 0.5 0.8 1 1.3 1.4 2.8 0.6 0 0 1.5 
Clear Garnet 11 4.7 CO

 

6.9 4.9 4.1 8.1 8 4 5.9 
Red Garnet 6 8.2 11 11 7.2 8.3 8.1 8.2 13.4 10 
Hornblende 42 47.4 38 43.5 38.9 50.8 37.1 44.7 45.2 44.1 
Hypersthene 2 3.3 2 2.6 4.9 3.1 3.5 5.7 3.8 4.9 
Kyanite 0 0.3 0 0 2.4 0.3 1.5 0.9 1.2 1.7 
Magnetite 14 7.7 CO

 

8.3 10.8 9.9 8.1 4.5 11.9 11.0 
Pyrite 0.5 2.4 1 0 0 0 0.3 0.3 0.9 0.9 
Riebeckite 0 0.2 0 0 1.6 1.2 0.3 0.3 3.5 1.7 
Rutile 0 0.3 1 0.3 0 0 0 0 0 0 
Sphene 1 0.3 2 0 1.4 0.6 0 0.9 2 0.6 
Tourmaline 0.5 0.3 0 0.6 0.3 0.3 2.6 1.2 0 0.3 
Tremolite 1 0.9 2 2.2 5.7 3.4 2.3 7.2 4.4 5.2 
Zircon 1 0.3 1 0 0.3 0.6 0 0.3 0.3 0 
C/R Garnet 1.9 0.6 0.7 0.6 0.7 0.5 1.0 1.0 0.3 0.6 
Till Sheet W1PCC CC P W P W C CC P 
Notes: C/R garnet = ratio of clear garnet/red garnet 
PCC = pre-Catfish Creek Till 
CC = Catfish Creek Till 
W = Wentworth Till 
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APPENDIX D 
Locations of sample sites 
Stations prefixed G are on the Cambridge sheet 
Stations prefixed H are on the Hamilton sheet 
Stations prefixed P are on the Brantford sheet 
B-4. Brampton sheet. Cut on Highway 401 3.5 km west of Highway 25. 
G-1. Borrow pit north side Highway 7, east of Grand River. 
2. Road cut on Highway 7 north of Breslau. 
3. Pit 2 km southwest of Breslau. 
5. Bridgeport section. West bank Grand River at Bridgeport. 
6. Freeport section. West bank of Grand River at Highway 8 bridge. 
8. Homer Watson Park section. West bank Grand River, 2 km northeast of 

Strasburg. 
10. Road cut south of Highway 5, 3 km northeast of Christie's Corners. 
42. Road cut on Highway 8, east edge of Sheffield. 
88. East bank of Barlow Creek, 1 km south of Troy. 
177. Road cut 4 km north of Freelton. 
212. West bank Grand River, south edge of Cambridge sheet. 
214. South bank Nith River 4 km west of Ayr. 
215. South bank Nith River 1 km southwest of Ayr. 
216. Road cut 1 km southwest of Ayr. 
220. Road cut 4 km west of Ayr. 
239. Road cut 4 km southwest of Ayr. 
255. Road cut 2 km southeast of Ayr. 
349. Road cut 0.5 km north of intersection of Highway 97 and Highway 8 in 

Cambridge. 
402. Road cut 0.5 km west of Puslinch Lake. 
429. Road cut west bank of Grand River, north edge of Bridgeport. 
436. Waterloo Sewage Plant, University Avenue East at Conestogo Parkway, 

Waterloo. 
G-489. South bank Grand River 2 km southeast of Bridgeport. 
490. West bank Grand River 1 km north of Freeport. 
601. Road cut 6 km south of Freelton. 
644. Pit 6.4 km northwest of Valens. 
794. Road cut 0.5 km north of Highway 97, 8 km west of Valens. 
879. Road cut 3 km northwest of Guelph Junction. 
947. Road cut 3 km east of Glen Morris. 
975. Road cut 4 km south of Cambridge. 
1150. Road cuts and bridge excavation on Highway 401 north of Hespeler. 
1191. Road cut 3 km west of Strasburg. 
1422. Road cut 2 km north of Glenchristie. 
1463. On Guelph sheet. East bank of Grand River at Bloomingdale. 
1497. Road cut 4 km west of Aberfoyle. 
1597. Road cut on Highway 401, 2 km northeast of Morriston. 
2049. Kitchener Pumping Station on Stirling Avenue (Formerly Shoemaker Ave

nue). 
2100. Road cut Highway 6, Freelton. 
2101. Road cut Highway 97, 1 km west of Freelton. 
St. George. On Brantford sheet at Town of St. George. 
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Mineral Springs. On Brantford sheet west edge of Mineral Springs. 
H-2. Lake Ontario shore 1 km south of Clarkson plant of St. Lawrence Cement 

Company. 
136. Road cut 2 km south of Tansley. 
140. Road cut 2 km northwest of Tansley. 
144. Road cut 3 km west of Tansley. 
155. Road cut 2 km northwest of Nelson. 
164. Excavation on Brant Street, Burlington 1 km northwest of Highway 403. 
167. West bank Oakville Creek, north edge Hamilton sheet. 
175. Excavation 3 km northeast of Dundas. 
196. Road cut 1.5 km south of Clappisons Corners. 
H-213. Railway cut 3 km northeast of Dundas. 
215. Railway cut at Canada Crushed Stone railway yard by Escarpment, Dun

das. 
216.7 Excavation for Hamilton City Hall on Main Street. 
226. Road cut 1 km south of Greensville. 
229. Road cut on Snake Road under Highway 2 bridge. 
233. Road cut on Snake Road, south edge of Waterdown. 
267. Quarry south of Highway 5, 1 km north of Greensville. 
282. Road cut 1.5 km south of Dundas. 
290. Borrow pit north of intersection of Highway 403 and Queen Elizabeth Way. 
322. Road cut 1 km southeast of Carlisle. 
336. Quarry 2 km southwest of Mount Nemo. 
354. Road cut 2 km north of Mount Nemo. 
355. Road cut 2 km north of Mount Nemo. 
375. West bank Bronte Creek 3 km east of Lowvilie. 
409. Pit 1 km southwest of Rattlesnake Point. 
410. Pit 2 km west of Rattlesnake Point. 
418. Railroad cut 2 km south of Waterdown. 
431. Road cut 1.5 km west of Dundas. 
445. Road cut 2 km north of Kilbride. 
458. Excavation 7 km east of Hamilton. 
504. Lake Ontario shore 2 km south of Bronte. 
624. Bridge excavation on Highway 5 west side of Oakville Creek. 
704. Road cut 3 km east of Carlisle. 
720. Road cut 1 km north of Mill Grove. 
731. Road cut 3 km north of Rattlesnake Point. 
750. East bank Bronte Creek 2 km northeast of Mount Nemo. 
762. Road cut 2 km south of Rattlesnake Point. 
772. Road cut 2 km southeast of Campbellville. 
780. Road cut at Lowville. 
793. Railway cut 2 km south of Guelph Junction. 
794. Road cut 2.5 km south of Guelph Junction. 
813. South bank Sulphur Creek 1.5 km south of Dundas. 
816. East bank of tributary to Bronte Creek 3 km east of Mount Nemo. 
823. Ravine 3 km east of Carlisle. 
1000. Road cut Highway 6, crest of outermost Waterdown moraine, 1.4 km north 

of Mill Grove. 
1001. Road cut Highway 6, southernmost drumlin, 3 km northwest of Mill Grove. 
P-3. East bank Nith River 2 km southeast of Canning. 79 
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4. East bank Nith River 6 km north northwest of Canning. 
5. Road cut 3.3 km west of Burford. 
6. Road cut 4.5 km southeast of Burford. 
7. Road cut 1.5 km north of Oakland. 
8. South bank Nith River 4.3 km east southeast of Canning. 
9. East bank Nith River 1.5 km southeast of Canning. 
10. Canning section. East bank Nith River. 
11. South bank Nith River 1 km south of Canning. 
12. East bank Nith River 1 km northwest of Canning. 
16. East bank Nith River 1 km north of Canning. 
18. South bank Nith River 2 km southeast of Canning. 
19. West bank Nith River 1.5 km southeast of Canning. 
20. South bank Nith River 4 km north northwest of Canning. 
21. Stream cut tributary to Horner Creek 6 km northeast of Burford. 
22. Road cut 5.5 km northeast of Burford. 
23. East bank Grand River 6 km south southeast of Paris. 
25. Road cut 5 km northeast of Canning. 
26. Road cut 6 km southeast of Paris. 
27. Road cut 5 km east northeast of Paris. 
28. Road cut 4.3 km west of Burford. 
W-1. Woodstock sheet. West bank Nith River 2.5 km east of Drumbo. 
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Aberfoyle 6,16,19,20 
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Ablation deposits: 

Halton Till plain 16 
Stratigraphy 42,45 

Aldershot 12,48,61 
Aldershot bar 49,53 
Alluvial deposits 61 

Geomorphology 30 
Stratigraphy 52 
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Analysis of Till 38 

Mechanical 37 
Ancaster Creek 5 
Anticlines 12,14 
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Bars: 

Lake Iroquois 48,49,58 
Lake Ontario 52,53 
Lake Whittlesey-

Lake Warren 48 
See also. 
Aldershot bar 
Burlington bar 
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Tombolo bar 

Beach deposits: 
Lake Iroquois 48 
Lake Whittlesey-

Lake Warren 48,61 
See also. 
Bars 
Shoreline deposits 

Beaver Bones: 
Lake Iroquois 49 

Bedrock: 
Disturbed: 

Ordovician 9,11 
Impervious: 

Swamps and bogs 31 
Beverly Swamp 5,31,53,63 
Bison Horns: 

Lake Iroquois 49 
Blair 14,21,31 
Branchton Bog 63 
Breslau 14,18,20,39,42 
Breslau Moraine 19,20,40,60 

Geomorphology 18-19 
Bridgeport 14,40,41 
Bronte 10 

Bronte Creek 5,9,11,30,35,36 
Buried valley 12-14 

Bronte drainage basin 5 
Buried valleys 14,15,62 

Bronte Creek/Palermo 12-13 
Dundas Valley 13,14,59 

Burlington 24,29,48 
Burlington Bar 13,24 

Stratigraphy 52-53 
Burlington Heights Ridge 51 

Cabot Head Formation 9 
Cambridge 6,14,16,19,20,21,42,43 

45,54,55,57,58,61-63 
Urban geology 59 

Campbellville 5,15,16,20,21,24,31,42,62 
Canada Crushed Stone 9 
Canning section 31-32 
Canning Till 57 

Analyses 38 
Mechanical 37 

Stratigraphy 35,37,39 
Carbonate analyses: 

Canning Till 37 
Catfish Creek Till 39-40 
Halton Till 46 
Lower beds 35 
Maryhill Till 40 
Port Stanley Till 41 
Tavistock Till 41 
Tills 38 
Wentworth Till 42 

Carlisle 42,44,62 
Catfish Creek Till 35,39,57,59 

Analyses 38 
Mechanical 37 

Stratigraphy 39-40 
Cedar Creek 6,20 
Cedar Springs 13,20,47 
Cementation: 

Sand and gravel 13 
Centreville 18,20 
Channel sands: 

Canning section 32 
Chedoke Creek 9 
Christies Corners 47 
Clarkson 30,61 
Clay: 

Economic geology 12,61 
Lake plains 23,24 

Cootes Paradise 30,55 
Conestogo 41 
Copetown 13,29,56 
Crawford Bog 54 

Pollen diagram 56 
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Crawford Lake 15,20,54 
Stratigraphy 55 

Credit River 23 
Crieff 54 

Deep water deposits: 
Lake Whittlesey-

Lake Warren 47 
Deltaic deposits 24,47 
Desjardins Canal 48,49 
Dolomite 62 
Doon 18,21 
Drainage basins: 

Lake Erie 6 
Lake Ontario 5-6 

Drowned river mouth 5 
Drumlins 42,58 

Geomorphology 16 
Shoreline/beach features 24,25,47 

Dundas 9,19,29,46,48 
Dundas Alluvial Fan: 

Geomorphology 30 
Dundas drainage basin 5 
Dundas Marsh: 

See: Cootes Paradise 
Dundas Valley: 

Buried valley 13,14,59 
Economic geology 12,61-63 
Engineering geology 63 
Erie ice lobe 57 
Erie Interstadial 57 
Erosion: 

Differential 14 
Karst 15 
Stream 32 

Eskers 45,58,61,62 
Geomorphology 21 

Fabric: 
Catfish Creek Till 39,40 
Maryhill Till 40 
Tavistock Till 41 

Fairchild Creek 6 
Faults 9 
Fergus 41 
Flamboro 5,21,24 
Floodplains 52 
Fluting: 

Halton Till plain 16,47 
Folding: 

Ordovician 9 
Fossils: 

Lake Iroquois 48,49,51,59 
Lake Whittlesey-

Lake Warren 48 

Freelton 21,22,25,39,48 

Gait 20,24 
Urban geology 59 

Gait Creek 6 
Gait Moraine 16,23,25,29,31 

42,54,58-59,61 
Drainage 5,16 
Geomorphology 19 
Outwash 20 

Garnets: 
Catfish Creek Till 39,40 
Halton Till 46-47 
Port Stanley Till 41 
Tills 38 
Wentworth Till 42 

Geomorphology 16-31 
Georgian Bay Formation 9,46 
Glen Allan 57 
Glenchristie 12,15,21,53-55 
Glen Morris 6,19,20,21,45 
Glenorchy 5,30 
Grand River 6,11,13,14,16,19,20,30 

39,40,45,52,58,59,61,62 
Grand River Sections: 

Stratigraphy 32,35 
Grassmere shoreline 25 
Gravel 59 

Dundas alluvial fan 30 
See also. 
Sand and gravel 

Shorelines, abandoned 25 
Bars 29,30 

Greensville 12 
Grimsby Formation 9 
Grindstone Creek 5,9,46 
Guelph 14,57 
Guelph drumlin field 16,42,58 
Guelph Formation 9,14-15 

Anticlines 12 
Karst development 15 
Reef structures 14 

Guelph Junction 53 
Gullies: 

Lake plains 23 
Gypsum: 

Halton Till 46 
Salina Formation 9,12 

Gyttja, mud 53 

Halton Bog 53 
Halton Till 19,29,35,58,59,62 

Analyses 38 
Mechanical 37 

Stratigraphy 46-47 
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Halton Till plain: 
Geomorphology 16 

Hamilton 12,13,24,35,61 
City Hall 48 
Urban geology 59 

Hamilton bar 48 
Hayesland 15 
Heavy minerals: 

Catfish Creek Till 39 
Halton Till 46 
Lower Beds 35 
Port Stanley Till 41 
Wentworth Till 42 

Hendershot Paper Products 9,11 
Hespeler 19,59 
Historical geology 57-58 
Homer Watson Park section 35,40 
Humar Corporation 63 
Humber River 23 
Huron ice lobe 29 

Ice-contact facies: 
Kame hills 18,21 

Ice-wedge polygons 58 
Indian settlement 55 
Ingersoll Moraine 18,42,58 
Irondequoit Formation 9 
Iroquois shoreline: 

Geomorphology 29-30 
See also. Lake Iroquois 

Isostatic rebound 30,53,58 

Joshua Creek 10,11 

Kames 18,42,45,47,58,61,62 
Geomorphology 21 

Karst topography 15 
Kettles: 

Geomorphology 21 
Stratigraphy 53-56 
Swamps and bogs 31 

Kilbride 19,20,61,62,63 
Killean Station 20 
King City 46 
Kitchener 6,16,31,39,40,41,62 

Urban geology 59-60 

Lake deposits, extant: 
Stratigraphy 53-56 

Lake Erie basin drainage: 
Grand River 6 
Nith River 6 
Speed River 6 

Lake Iroquois 24,58 

Lake Iroquois deposits 61,63 
Bar 58,59 61 
Stratigraphy 48-52 

Lake Iroquois plain 59 
Drainage 6 

Lake Medad 20,31,63 
Stratigraphy 55 

Lake Ontario 58 
Basin drainage: 

Bronte 5 
Dundas 5 
Lake Ontario 6 
Oakville 5 

Deposits, stratigraphy 52-53 
Lake Peel 20,21,23,24,58 

Deposits, stratigraphy 48 
Lake plains: 

Geomorphology 21,23-24 
Lake Warren 58,61 

Deposits 63 
Stratigraphy 46-47 
See also. Whittlesey 
shoreline 

Lake Whittlesey 52,58,61 
Deposits, stratigraphy 47-48 
See also. Whittlesey 
shoreline 

Laurel Creek 40 
Little Lake 55 
Lockport Formation 9 
"Lower Beds" 57 

Analyses 38 
Stratigraphy 35 

Lowville 24,35,46,47 
Lundy shoreline 25 

MacKenzie's Cave 13 
Marl 53,63 
Maryhill Till 18,35,57,60,61 

Analyses 38 
Mechanical 37 

Stratigraphy 40-41 
Meanders 6 
Meltwater channels 20-21,52-54,60 

Subglacial 21 
Mill Grove 5,24,31,47,53,61 
Milton 12 
Milton outlier 20 
Moffat Moraine 42,58 

Geomorphology 19 
Molluscs: 

Kettle Lake 55 
Lake Iroquois 48 
Lake Ontario 53 
Lake Whittlesey-

Lake Warren 48 
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Mammoth Bones: 
Lake Iroquois 48,49 

Moraines: 
Breslau Moraine 19,20,40,60 
Gait Moraine 16,23,25.29,31 

42,54,58-59,61 
Ingersoll Moraine 18,42,48 
Moffatt Moraine 42,58 
Paris Moraine 16,19,31,41,42,58,59,61 
Tillsonburg Moraine 18,32,42,58 
Trafalgar Moraine 16,23,58 
Waterdown Moraine 24,29,47,58 
Waterloo Moraine 40,45,59,60,63 
Westminster Moraine 58 
Wyoming (Port Huron) 

Moraine 29 
Moraine, end: 

Geomorphology 16,18-20 
Mount Nemo 12-14,19,24,61 
Mud cracks 9 

Nith River 6,18,20,30,35,39,52,57 
Stratigraphy 31-32 

Norwich Moraine 18 
Nelson 19 
New Hamburg 39 
Niagara Escarpment 59 

Topography 4 
Drainage 5-6 

Norwich Moraine 42,58 

Oakville 10,30,46 
Oakville Creek 5,9,11,30,35 
Oakville drainage basin 5 
Oil and gas 12 
Ontario ice lobe 29 
Ordovician: 

Lithology 9 
Organic remains 57 

See alscr. Peat, Pollen, 
Wood 

Ostracodes: 
Lake Iroquois 49 

Outwash deposits 45,47,59,61,62 
Fans 20,31 
Plains and terraces: 

Geomorphology 20-21 

Palermo: 
Buried valley 12,13,62 

Plains 57 
Paris Moraine.... 16,19,31,41,42,58,59,61 

Geomorphology 19 
Outwash 20 

Peat 52,53,55,60,63 

Pebble counts: 
Catfish Creek Till 39,40 
Outwash gravel 45 
Port Stanley Till 41 
Tavistock Till 41 
Tills 38 
Wentworth Till 42 

Peters Corners 14,20,48 
Pinehurst Lake 19 
Plum Point Interstadial 57 
Pollen: 

Kettle bog 54-56 
Lake Iroquois 49 
Lake Ontario 53 

Port Bruce Stadial 57 
Port Huron Moraine 29 
Port Huron Stadial 58 
Port Stanley Till 18,35,40,57,60 

Analyses 38 
Stratigraphy 41-42 
See also. 
Wentworth-Port 

Stanley Till 
Port Talbot 57 
Port Talbot Interstadial 57 
Preston 59 
Puslinch 16,19 
Puslinch Lake 19,55 

Quarries: 
Silurian dolostones 12 

Quaternary 16-58 
Queenston Formation 9,13,37,46,59 

Clay products 12,61 
Quick sand conditions 63 

Radiocarbon dating: 
Peat: 

Alluvial terrace 52 
Marsh 55 

Pollen: 
Kettle bog 54-56 
Lake Ontario 53 

Wood: 
Alluvial terrace 52 
Catfish Creek Till 57 
Lake Iroquois 49 
Lake Ontario 53 

Rattlesnake Point 61 
Reef ridges and domes: 

Amabel and Guelph 
Formations 12,14 

Re-entrants: 
Outwash fans 20 

Reynales Formation 9 
Ripple marks 9 
Rochester Formation 9 
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Rockton 16 

St. George 24,25,48 
St. Joseph Till 29 
St. Thomas Moraine 58 
Salina Formation 9 
Sand: 

Channel 32 
Lake 35 
Paris Moraine 19 

Sand and gravel: 
Buried valley 13 
Economic geology 61-62 
Outwash 20 

Schneider Creek 6,20 
Settling 63 
Shale: 

Halton Till 46 
Shallow water deposits 

Lake Whittlesey-
Lake Warren 47 

Sheffield 12,16,24,42,62 
Shorelines, abandoned: 

Geomorphology 24-30 
Silt: 

Lake plains 23,24 
Silt and clay, stratified 35 
Silurian 59 

Lithology 9,12 
Quarries 12 

Sinkholes 15 
Slumping 48 
Solution cavities 15 
Speed River 6,14,19,20 

30,52,61,62 
Spencer Creek 5,9,14,30 
Spillways 20 
Spits: 

Lake Whittlesey-
Lake Warren 48 

Strabone 12,25 
Strasburg Creek 6 
Stratigraphy: 

Ablation deposits 42,45 
Alluvial deposits 52 
Analyses Till 38 

Mechanical 37 
Canning Till 35,37,39 
Catfish Creek Till 39-40 
Extant Lake, 
Swamp and bog deposits 53-56 
Grand River 32,35 
Halton Till 46-47 
Hamilton 35 
Lake Iroquois deposits 48-52 
Lake Ontario deposits 52-53 
Lake Peel deposits 48 

Lake Whittlesey-Lake 
Warren deposits 47-48 

Lower Beds 35 
Maryhill Till 40-41 
Nith River 31-32 
Port Stanley Till 41-42 
Wentworth Till 42 

Stream channels, 
abandoned: 

Swamps and bogs 31 
Stress-relief phenomena: 

Ordovician 9 
Silurian 12 

Striae 42 
Sulphides: 

Fault, Silurian rocks 12 
Sulphur Creek 5 
Swamps and bogs: 

Geomorphology 31 
Pollen diagram 56 
Stratigraphy 53-56 

Tamarack bog 53 
Tansley 12 
Tavistock Till 60 

Stratigraphy 41 
Terrace, stream 52,59 

Geomorphology 30 
Terrace, wave-cut: 

Drumlin 16,48 
Texture: 

Canning Till 37 
Catfish Creek Till 39-40 
Halton Till 46 
Lower Beds 35 
Maryhill Till 40 
Port Stanley Till 41 
Tavistock Till 41 
Tills 38 
Wentworth Till 42 

Thames River valley 20 
Thorold Formation 9 
Till Plains: 

Geomorphology 16 
Tillsonburg Moraine 18,32,42,58 
Tombolo bar 25 
Topography 4 

Bed rock 12-15 
Trafalgar 19,46 
Trafalgar Moraine 16,23,58 

Geomorphology 19-20 
Troy 23,61 

Underfit stream 20 
Upwarding 

See: Isostatic rebound 
Urban geology 59-60 
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Valens 19,54 
Varved clay 23 

Lake Whittlesey-
Lake Warren 47 

Venti facts 45 

Wapiti Horns: 
Lake Iroquois 49 

Warren shoreline 
Geomorphology 24-25 
See also. Lake Warren 

Waterdown 24,46 
Waterdown Moraine 24,29,47,58 

Geomorphology 19 
Outwash 20-21 

Waterloo 6,57 
Urban geology 59-60 

Waterloo Moraine, 
sandhills 40,45,59,60,63 

Geomorphology 18 
Water planes 25,30 
Water supply 62 
Wave-cut benches 25 
Websters Fall 5 
Wentworth Till 19,32,41,45,47,58,59 

Analyses 38 
Stratigraphy 42 

Wentworth-Port Stanley Till 
Mechanical analyses 37 

Wentworth-Port Stanley 
TiH plain 

Geomorphology 16 
Westdale 24,48 
Westdale Plain 48 

Fossils 49,51 
West Hamilton 24 
Westminister Moraine 58 
Westover 12,18,25,27 
Whirlpool Formation 9 
Whittlesey shoreline 

Geomorphology 24-25,29 
See also. Lake Whittlesey 

Williamsburg 41 
Wisconsinan age, early: 

Historical geology 57 
Wisconsinan age, late: 

Historical geology 57-58 
Wood: 

Alluvial terrace 52 
Catfish Creek Till 57 
Lake Iroquois 48-49 
Lake Ontario 53 

Woodstock 57 
Wyoming (Port Huron) 

Moraine 29 

Zimmerman 5,13,30 
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Hamilton -Cambridge Area Report 
Charts A,B,C and D 

875 Isobasts with elevation in feet above sea level 914-918 Elevation of shore feature Lake Whittlesey 3 Miles 
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