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Pleistocene Geology of the Hamilton Map-Area1
BY 

P. F. Karrow

Abstract

The Hamilton map-area is situated at the west end of Lake Ontario. Field work consisted 
of the examination of cuts, soil augering, and the location of water wells for information on the 
thickness, type of overburden, and nature of the bedrock surface.

The bedrock consists of red Queenston shale in the eastern part and grey Lockport- 
Amabel dolomite, which forms the Niagara escarpment, in the western part. Several deep 
notches have been cut in the escarpment, the most prominent being the Dundas valley with 
its bottom more than 200 feet below sea-level. Several buried valleys, more than 100 feet 
deep, occur near the escarpment.

The Pleistocene deposits consist of glacial, glaciofluvial, and glaciolacustrine sediments. 
An older till, pink in colour, occurs in drumlins in the northwest corner of the area and is 
sandy in texture. A younger till is clayey or silty, maroon-coloured, and forms extensive 
grooved plains east of the Niagara escarpment and several small moraines along the crest of 
the escarpment. Both tills were deposited by west-moving ice of the Lake Ontario lobe. Out 
wash and kame gravels were deposited along the escarpment before and during the later ice 
advance.

Two temporary glacial lakes in the Lake Erie basin left shore features with elevations of 
about 875 and 925 feet. Lakes in the Lake Ontario basin, the most prominent of which was 
Lake Iroquois, were formed later at lower elevations during the ice retreat.

Introduction

This preliminary report presents a summary of the features studied during 
the field season of 1958. In order to make information available to the public as 
soon as possible, results of laboratory studies, to be made later, are not included. 
The results of such studies may make necessary some changes in the conclusions 
reached during field work. Then too, as mapping is extended beyond the Hamil 
ton area, changes may again be necessary. However, it is hoped that the prelim 
inary account will prove useful. It is planned to present a final report after fur 
ther work has been done in the area, and laboratory studies have been completed.

Physiography

Regional physiography has been dealt with by L. J. Chapman and D. F. Put 
nam.2 The dominant features of the area are of bedrock origin on which medium- 
and small-scale drift features are superimposed.

lfrhe Hamilton map-area is the area outlined on Sheet No. 30 M/5 of the National 
Topographic Series, Department of Mines and Technical Surveys, Ottawa.

ZL. J. Chapman and D. F. Putnam, The Physiography of Southern Ontario, Ont. Research 
Foundation, 1951.
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The Niagara escarpment is developed on massive dolomites of Silurian age. 
The scarp generally faces east but has been notched by deep valleys in the Dundas, 
Cedar Springs, and Campbellville areas. The elevation of the crest of the escarp 
ment rises gradually from 700 feet above Dundas to 1,000 feet at Mount Nemo, 
and to 1,050 feet east of Campbellville. The escarpment itself is a cliff of dolomite, 
as much as 100 feet in height, and rests on a gentle-to-steep slope of shale.

West of the escarpment and south of the Cedar Springs re-entrant there are 
four or five small moraines having an arcuate pattern more or less parallel to the 
edge of the escarpment. The two more westerly moraines are largely covered by 
sand, which grades into a small sand plain further west. A few terraced drumlins, 
trending east-west, indicate two former lake levels of about 875 feet and 925 feet 
elevation.

North of Cedar Springs a rough bedrock surface, probably related to reef- 
like structures, occupies much of the higher elevations. Lower areas are kame 
and outwash terraces.

East of the escarpment, an extensive till plain retains most of its original 
depositional surface except for the area north of the Trafalgar moraine, which has 
been partly modified by the waters of Peel Ponding, a late-glacial, ice-marginal 
lake. The Trafalgar moraine is a low, gently undulating ridge which curves gently 
from Trafalgar, through Zimmerman, and blends into the Niagara escarpment 
north of Nelson.

The Lake Iroquois plain is a nearly level terrace, about 2 miles wide, border 
ing the north shore of Lake Ontario. It slopes up from about 250 feet elevation 
near Lake Ontario to about 350 feet near the old Lake Iroquois shoreline. Most 
of the city of Hamilton is built on part of this plain.

The level plateau west of the Iroquois gravel bar, which crosses the west 
part of the city of Hamilton, is here named the Westdale plain. It is the westward 
extension of the Iroquois plain, which was cut off from Lake Iroquois by the 
growth of the gravel bar. The Westdale plain slopes from about 320 feet near the 
middle of the plain to about 330 feet near the margins. Later dissection has 
removed a large area hi the middle of the plain now known as Cootes Paradise.

Dundas was built on an alluvial fan of gravel, which has its apex at the base 
of the Niagara escarpment at an elevation of about 400 feet. The fan slopes 
gently eastward to about 300 feet elevation.

Southwest of Dundas is an area of sharp ridges and valleys cut in till. It is 
believed that the present surface is'primarily a result of steam erosion. So little 
of the original surface appears to have been preserved that its nature is mostly 
unknown.

Bedrock

The bedrock has been described by J. F. Caley. 1 Outcrops are numerous 
along the Lake Ontario shore, along stream valleys, hi the Niagara escarpment, 
and in the area northwest of Cedar Springs. Areally, the most important forma 
tions are the red Queenston shale, of Upper Ordovician age, and the grey Lock- 
port-Amabel dolomite of Middle Silurian age. The former occupies most of 
the area below the Niagara escarpment, and the latter forms the bedrock surface 
above the escarpment.

'J. F. Caley, Palaeozoic Geology of the Toronto-Hamilton Area, Ontario, Geol. Surv. 
Can., Mem. 224, 1940.



Bedrock Surface

Information on the nature of the bedrock surface is being compiled from 
water-wells, engineers' borings, and outcrop data. The most striking features are 
the Niagara escarpment and the deep valleys cut into its margin. By far the most 
prominent of these is the Dundas valley, the lower portion of which extends from 
southwest of Dundas to south of Burlington. The modern baymouth bar of Lake 
Ontario has provided a causeway across the residual depression left by thick 
deposits of Pleistocene age, which have nearly filled the bedrock valley. Borings 
from this bar have penetrated to as much as 450 feet without reaching solid rock 
so that the bedrock elevation at the bottom of the valley is more than 200 feet 
below the present sea level.

The Cedar Springs bedrock valley is now being uncovered by the headwaters 
of Bronte Creek. Borings indicate it has cliff-like walls in some places and is 
about 60 feet deep at Carlisle. The head of the buried valley is believed to be only 
2-3 miles west of Carlisle.

The Milton outlier is a portion of the Niagara escarpment, which has been 
isolated by a deep valley cut southeast of Campbellville. The valley is about 200- 
300 feet deep.

A partially buried valley of unknown depth extends from Cedar Springs to 
Waterdown. Very incomplete information indicates a depth exceeding 100 feet.

The only major buried valley not now occupied by an important stream or 
indicated by a prominent depression is the Palermo valley. This valley is about 
100 feet deep. For the lower 3 miles of its course it follows Bronte Creek but 
diverges from it at the prominent bend just north of the Queen Elizabeth Way. 
It passes about Vi mile southwest of Palermo, but its continuation beyond is con 
cealed under drift in an area with inadequate boring information.

The bedrock surface below the escarpment has a gentle slope up from Lake 
Ontario to the northwest as far as Mount Nemo. A low bedrock ridge extends 
northeast from Mount Nemo and is probably related to the formation of the 
headland of Mount Nemo. The Trafalgar moraine lies on the southeast slope of 
the ridge suggesting bedrock control, at least in part, for its location. The moraine 
itself is a thickening of the till cover up to 70 feet from the 15- to 30-foot thick 
nesses to the southeast. Northwest of the buried ridge a shallow basin is covered 
by 40- to 50-foot drift thicknesses. A shallow buried valley is indicated south of 
Boyne and probably represents the low point of this basin.

Pleistocene History and Deposits

Probably the oldest exposed Pleistocene deposit is the Wentworth Till (3). 1 
It occurs principally in drumlins near the west edge of the area. The till is sandy 
in texture and has a pink-buff colour in the oxidized zone. No exposure of the 
unoxidized till was observed. This till has not been identified in any exposure east 
of the drumlins. The glacier that deposited this till moved in a westerly direction. 
That the ice sheet was probably removed by the melting of stagnant ice blocks is 
indicated by the kame deposits (4) north of Carlisle and near Campbellville. A 
small esker extends from west of Flamboro Station to the west boundary of the 
area.

During the retreat of the earlier ice sheet and during the advance of a later

Bracketed figures refer to map units shown on the geological map that accompanies this 
circular.



one, extensive outwash gravels (5) were deposited near Cedar Springs, near Kil- 
bride, and east of Campbellville. These gravels are at least 20 feet thick at Kilbride 
and probably thicken northward. Along their eastern margin they are covered 
by the later glacial deposits named the Halton till (6). In places a few feet of 
similar gravels overlie this till. A northern source is indicated by well-developed 
foreset bedding in the gravels. The lower portion of the gravels is commonly un 
stratified and has a kame-like appearance.

The Halton till is typically a purple clay or silt till, of varying degrees of 
stoniness, which weathers red brown. It is leached to a depth of about 20 inches 
and oxidized to about 12 feet. Very often the basal portion is distinctly red in 
colour from large amounts of incorporated Queenston shale. Good examples of 
disturbance of the soft shale by overriding ice were observed near Lake Ontario. 
Small folds, displaced masses, and some small faults are the usual kind of disturb 
ance noted. Numerous groovings in the till plain and occasional striae near the 
edge of the Niagara escarpment indicate that the last ice advance was in a westerly 
direction from the Lake Ontario basin. In the northeast corner of the area, the 
bedrock is Dundas shale and Meaford shale; in this region the till is grey and 
weathers greenish brown. The deep buried valley under Hamilton Harbour is 
probably cut down as far as the Dundas shale, and fresh till in the Hamilton- 
Dundas valley is grey when unweathered, and oxidizes buff. Much of the till 
in this valley is nearly free of stones and very well sorted; this probably indicates 
the incorporation of large quantities of lacustrine materials during the last ice 
advance.

Sometime during the presence of the two ice sheets, major lakes existed in 
the Lake Erie basin. The drumlins south of Carlisle record two water levels at 
925 and 875 feet. Probable-beaches at about 875 feet also occur on the south- 
west nose of the most westerly moraine ridge indicating that the lake was not 
drained until the ice had retreated at least as far as the second moraine, just south- 
east of Mill Grove. Further retreat apparently brought about the drainage of the 
lake, and meltwater channels developed along the ice margin. Four moraines and 
part of a fifth were built during the ice retreat towards the escarpment. These 
moraines cannot all be traced to the north of Cedar Springs, but a fluctuating ice 
front in the north is indicated by an exposure of three similar tills (separated by 
sand beds) at Lowville and the existence of several drainage channels (probably 
ice marginal) between Lowville and Campbellville.

Two small areas of lacustrine clay (7) were found. One deposit, southwest 
of Mill Grove is grey clay as much as 6 feet thick. The other is laminated to varved 
red and brown silt, clay, and sand; it is up to 8 feet thick and is located south- 
west of Mount Nemo. Both deposits are below the lower lake level of 875 feet, 
but the interrelationships are not known. The former glacial lake near Mount 
Nemo was undoubtedly ice-marginal in origin, but the other may have formed 
later. Shallow-water lake sands, outwash, and delta sands (8c) above the escarp 
ment are believed to have been deposited mostly during the time the last ice sheet 
was near the limit of its advance.

A pause in the retreat of the last ice sheet is indicated by the formation of 
the Trafalgar moraine. Lenses of varved clay and substratified till near and north 
of the moraine indicate that the ice front stood in the waters of a shallow glacial 
lake known as Peel Ponding. No shorelines of this lake have been found, but it 
existed long enough to modify the till surface and deposit l or 2 feet of sand and 
varved clay. The lake was probably drained after the ice retreat from the Trafalgar 
moraine. The till surface, where not modified by erosion or later deposition, usually



bears an intricate pattern of small ridges, which has been ascribed to ablation of 
stagnant ice by A. K. Watt. 1

After the ice had left the head of the Dundas valley, temporary lakes formed 
there. Scattered remnants of delta, beach, and bottom sands and silts (8b) occur 
near Dundas and south of Waterdown. Lake levels ranged from 600 to below 
400 feet as lower outlets were freed of ice. When water began to flow directly 
out of the basin at Rome, N.Y., Lake Iroquois was formed. This stage is marked 
in the map-area by a well-developed terrace cut partly in the soft Queenston shale 
and partly in the Halton till. Alluvium carried in by streams blanketed part of 
the terrace with fine sand (8a). The thickest deposits (up to 75 feet) are near 
Hamilton Harbour, and they thin northeastward. Crustal rebound during and 
following glacial retreat tilted the Lake Ontario basin towards the southwest. 
Rising waters built large gravel bars (9) on top of the offshore sand deposits in 
the Hamilton and Aldershot areas. A protected bay or lagoon, similar to present 
day Hamilton Harbour, developed west of the gravel bars. Plant and animal 
remains, which have recently been recovered from deposits of Lake Iroquois in 
the Hamilton area, include a mammoth tusk, wood, and molluscs. Earlier discov 
eries have been discussed by A. P. Coleman.2 Coleman's estimate of the age of 
Lake Iroquois is not hi agreement with present knowledge, which indicates a prob 
able age of 8,000 to 10,000 years.

When the St. Lawrence valley became free of ice, Lake Iroquois drained, 
and the water level dropped much below the present level of Lake Ontario. During 
this low-water stage, the lagoon deposits near Westdale were deeply eroded by a 
stream whose mouth was probably several miles east of Hamilton. Possibly the 
Dundas gravel fan (10) was deposited during this time by Spencer Creek. Gradu 
ally the land at the east end of Lake Ontario recovered from its depressed position 
brought about by the weight of glacial ice that had covered the area, and the out 
let down the St. Lawrence valley was raised. This tilting of the basin has continued 
to the present, reflooding part of the Dundas valley. Another bar has been built 
across the valley forming Hamilton Harbour.

In recent times streams have dissected the till plains and lake deposits dis 
tributing sand, silt, and clay (12a) on flood plains along their courses. Peat bogs 
and swamps (11) have developed in the poorly drained depressions in outwash 
channels. Peat and muck are seldom more than 5 feet thick.

Economic Geology

SAND AND GRAVEL

The Lake Iroquois gravel bars at Hamilton and Aldershot have supplied 
gravel hi past years, but most of the readily accessible deposits have been depleted. 
Much of the gravel is moderately cemented and difficult to process. It ranges 
from fine to coarse in texture, and the cobbles are usually tabular in shape. The 
gravels are usually free from clay, but some shale pebbles may limit their use.

Kame and outwash gravels are being used at an increasing rate in the Kil- 
bride area and near Rattlesnake Point. The gravels there are poorly sorted, medium 
textured, and fairly free of clay. Where lenses of the Halton till occur in the gravel, 
as near Rattlesnake Point, several feet of gravel under the till is well cemented

JA. K. Watt, Pleistocene Geology and Ground-Water Resources of the Township of North 
York, York County, Ont. Dept. Mines, Vol. LXIV, 1955, pt. 7, p. 24.

*A. P. Coleman, Lake Iroquois, Ont. Dept. of Mines, Vol. XLV, 1936, pt. 7.



and requires blasting. So solidly are they cemented that blasting shatters the mass 
by breaking the pebbles rather than separating them. The deposits are believed 
to extend east under the Halton till for a distance of about l mile. Gravel in the 
Campbellville area is generally fine textured and mixed with sand, and some 
times clay.

CLAY

Red tile and pottery are produced in the Hamilton area from weathered red 
shale and red clay. The Queenston shale weathers readily to red clay, forming 
a residual soil in outcrop areas. Where streams have eroded the shale, red alluvial 
clay may be deposited downstream. This is the origin of layers of red clay in the 
eastern part of the lagoon deposits of Westdale and Aldershot. These beds are 
only a few feet thick and are usually sandy or silty. The ceramic possibilities of 
the nearly stone-free till of parts of the Dundas valley and of the two small areas 
of lake deposits above the escarpment are not known.

WATER

Water supply was not a subject of special study, but certain observations were 
made in connection with the study of the geology.

Areas of shallow drift over bedrock below the escarpment have a relatively 
poor water supply. Drift may not be thick enough to provide an adequate supply, 
and wells in the bedrock often yield salt water. Deep wells at the head of the 
Dundas valley often yield mineral water, but shallow wells are satisfactory when 
they tap aquifers in the drift. Interbedded sand and till make this possible. Buried 
valleys filled with sand and gravel, such as the Palermo valley, can be developed 
further and should provide relatively large supplies of water.

PEAT

Only one bog is being exploited for peat and muck at present; this is 2 miles 
west of Mill Grove. The product is used in horticulture. Some of the other bogs 
could be similarly developed. Calcareous, fossiliferous, cream-coloured to grey 
muds (marl) often underlie the peat and, when thick enough, can be a source of 
lime. One abandoned marl pit is located nearly 2 miles northwest of Kilbride.

ENGINEERING GEOLOGY

Drift is generally thin less than 50 feet and often 10-20 feet thick over 
much of the area. Deeper drift occurs in buried valleys, moraines, and drumlins. 
Foundation problems in general are not great except over buried valleys and with 
high loadings. Unoxidized till is usually quite plastic when wet, as are deposits 
of lake clay. Peat bogs over 3 feet deep are shown on the map and are small in 
area. Larger swamps exist northwest of Mill Grove, but muck is usually only 
1-2 feet thick.
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LEGEND
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POST-WISCONSIN

Recent alluvium. Stratified sand, 
silt, and clay. Some shaley gravels. 

12b Recent beach sand deposited by 
Lake Ontario. Minor gravel.

Dundas gravels. Moderately rounded 
cobble gravels and minor sand and 
fine gravel.

ta/ce Iroquois beach gravels. Stratified,
partly cemented beach gravel.

8a Lake Iroquois offshore sands. Fine- 
grained to silty. Occur below 360 
feet elevation.

8b Beach, delta, and lacustrine sands 
in Lake Ontario basin mostly of 
pre-lroquois age. Occur between 
360 feet and 600 feet elevation.

8c Beach, offshore, and delta sands 
and silts. Often reddish colour. 
Some outwash sand. Occur above 
700 feet.

iX'/lamboro 
\Centre

Lacustrine deposits. Grey or grey and 
red stratified to varved clay. Some sand 
and silt.

HALTON TILL: Purple clay or silt till. 
Weathers red-brown. Olive or buff- 
weathering grey till east of Oakville 
and in Dundas valley.

Outwash gravels. Mostly older than, but 
in part younger than, Halton Till. Well 
sorted, rounded, and stratified gravel 
partly cemented.

SYMBOLS

Altitude in feet above mean sea level.

River, creek, stream.

Railway.

Kame gravels. Poorly sorted, irregularly 
stratified sand and gravel. Some esker 
deposits. Mostly associated with Went 
worth Till.

BURLINGTON
WENTWORTH TILL: Pinkish; buff- 
weathering sandy till.

Outcrop complex. Mostly wooded area
of rock outcrop, bouldery till, and minor

Controlled access highway.

PALEOZOICMotor roads, including numbered high 
ways. ORDOVICIAN AND SILURIAN

Bedrock. Ordovician shales and Silurian 
dolomites with minor limestone and 
sandstone.County boundary. 

Township boundary.
SOURCES OF INFORMATION

Base map derived from maps of the National Topo 
graphic Series with additional information by the 
Ontario Department of Highways.

HAMILTON

Geology by P. F. Karrow and assistants 1958.

Glacial groovings. 

Geological boundary. 

Quarry. 

Gravel pit.

HARBOUR

For additional information refer to the following 
sources:

Aerial photography: Forests Resources Inventory, 
Ontario Department of Lands and Forests; 
National Air Photo Library, Department of 
Mines and Technical Surveys, Ottawa.

Bedrock geology: Paleozoic Geology of the Toronto- 
Hamilton Area, Ontario, J. F. Caley; Geological 
Survey of Canada, memoir 224, 1940.

Physiography: The Physiography of Southern Ontario, 
L. J. Chapman and D. F. Putnam, 1951.

Topography: Hamilton sheet 30M5 of the National 
Topographic Series which covers the same 
area as this map.

Niagara Escarpment.

Magnetic declination in the map area is approximately 
6TW., 1959.Scale: l inch to l mile

PRELIMINARY MAP OF THE HAMILTON AREA SHOWING PLEISTOCENE GEOLOGY


