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ABSTRACT

The Bolton area lies at the northwestern edge of the Municipality of Metropolitan Toronto. 
Largely agricultural, the area also includes several recreational reserves as well as numerous 
sand and gravel pits. Subdivision development has been considerable in recent years.

Figure 1-Key map showing location 
of the Bolton area. Scale 1 
inch to 50 miles.

The area includes parts of the two most prominent topographic features in southern 
Ontario: the Niagara Escarpment and the 100-mile long Oak Ridges which is the east-west, 
interlobate ridge forming the height-of-land to the north of Toronto. The ridge marks the 
limit of advance of the northern, Georgian Bay-Lake Simcoe, and the southern, Lake Ontario 
Basin ice lobes which existed during the Late Wisconsinan deglaciation of southern Ontario.

Of the previous workers, F.B. Taylor on the moraines and L.J. Chapman and D.F. 
Putnam on the general physiography have been the major contributors to the knowledge of 
the area. Stratigraphic studies have been few.

Upper Ordovician shales are exposed in river valleys in the south and north and Ordovician 
and Silurian shales and limestones in the Escarpment on the west. The bedrock surface was 
heavily dissected prior to the Late Wisconsinan ice advance but most of the major bedrock 
topographic features probably were initiated in pre-Pleistocene time, and modified during 
glaciation.

Major glacial landforms in the area include drumlins and moraines as well as glaciofluvial 
and glaciolacustrine features. Drumlins are shown to have formed only where the component 
till has a loam or sandy loam texture and not in areas where the till is finer grained. Moraines 
named and described by Taylor are reviewed: the formal abandonment of the names of three 
moraines is proposed, die Palgrave Moraine is redefined and grounds for the redefinition of 
the Oak Ridges Moraine are given. The Gooseville Moraine is defined here for the first time. 
The origins of the major meltwater channel® are reviewed! and changes' to previously published 
interpretations are proposed.

The stratigraphy of the area is referred to two multi-till sections, one in the south and 
the other in the north. The southern reference section at Woodbridge reveals five separate till 
sheets together with extensive organic-rich, interstadial sediments ^49,700 years B.P.). The

vii



northern reference section, near Kettleby, contains two northern lobe tills separated by sedi 
ments of early Lake Schomberg. Tills of both the northern and the southern lobes were seen 
together at two localities. The two northern tills and the two widely distributed tills in the 
south (Halton and Wildfield Tills) are distinguished by colour, texture, total carbonate con 
tent, calcite to dolomite ratio, and Atterberg Limits. The Wildfield Till is described here for 
the first time.

The chronology established for the events associated with the northern and southern lobes 
shows that the northern ice generally reached the Bolton area ahead of the southern ice and 
that the southern ice front generally melted back farther each time than did the northern lobe.

The sand and gravel deposits of the Bolton area are an important resource to the Metro 
politan Toronto area. The variable quality of the several deposits are related to the geologic 
events in the area and suggestions for further exploration are given. Engineering problems in 
the area are not unusual. The tills are generally quite dense and provide good foundation 
conditions, although most materials are susceptible to frost action. Stability problems in 
valley walls have been noted. Most municipalities and individual property owners depend on 
groundwater for their water supplies. Many good wells are located in buried valley aquifers.

VIII



Quaternary Geology 

of the

Bolton Area 
Southern Ontario

By 

Owen Lister White1

INTRODUCTION

The area of this report includes approximately 450 square miles2 and is bounded by 
Latitude 43045'N and Latitude 44000'N and by Longitude 79 0 30'W to Longitude 
80000'W. It is included in the Bolton National Topographic Series Sheets, 30M/13 
West Half and 30M/13 East Half. The map-area is included in the Toronto NTS Sheet, 
30M at a scale of 1:250,000 and parts of the area is included in NTS Sheets Wood- 
bridge 30M713a, Wildfield 30M7l3b, and King City 30MX13h at scales of 1:25,000.

Parts of York and Peel Counties make up most of the area but small areas of Simcoe, 
Dufferin, and Wellington Counties are also included. The area is at the northwestern 
border of the Municipality of Metropolitan Toronto and about 7 square miles of the 
Municipality is in the map-area.

Population

The area has a number of small communities some of which have shown considerable 
growth in population in recent years as urban development has spread out beyond the 
boundaries of Metropolitan Toronto. The larger of these communities include Wood- 
bridge, Bolton, Maple, King City, Kleinburg, Caledon, Inglewood, and Palgrave. The 
towns of Brampton and Mississauga are just beyond the southern boundaries of the 
map-area.

Drainage

The largest part of the area is drained by the west and east branches of the Humber 
River as well as the Humber River itself. The western edge of the area above and below

1Professor in the Department of Civil Engineering, Waterloo University, Waterloo, Ontario. 
Manuscript accepted for publication by the Chief, Industrial Minerals Section, November 16, 
1971.

2To convert to metric units use metric conversion factors listed on p. 108.
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Bolton Area

the Niagara Escarpment is drained by the Credit River and a small area on the eastern 
edge of the area is drained by headwaters of the Don River. All three rivers flow into 
Lake Ontario. A narrow strip of land across the northern edge of the area is drained by 
the headwaters of several small streams which ultimately empty into Georgian Bay and 
Lake Huron, via the Nottawasaga River or via the Schomberg and Holland Rivers into 
Lake Simcoe and thence by the Severn River into Georgian Bay.

The origin of the present drainage pattern and its relation to geological history is 
discussed later in this report.

Transportation and Access

The area is well served by a grid of rural roads. In York County the roads are based 
on a regular grid at a spacing of l V4 miles and in rest of the area by roads spaced 0.9 miles 
apart in one direction and at approximately 1.9 miles apart in a perpendicular direction. 
Highways 7, 9, 10, 27, 50 and 400 serve the area. In addition, the Macdonald-Cartier 
Freeway (Highway 401) is a few miles south of the area.

Lines of both the Canadian National Railways and the Canadian Pacific Railway 
serve the area but the number of abandoned railway lines exceed those presently in use. 
The recently completed Canadian National Railways Toronto Marshalling Yards are in 
the southeastern part of the area.

Present Geological Survey

Field work in the Bolton area was begun in 1962 by P.P. Karrow assisted by B.C. 
McDonald, L.L Davies, and W.R. Mcclymont with several valley sections being 
described. At this time, the Woodbridge Cut of the Canadian National Railways was 
first inspected.

The author of this report commenced mapping in 1963 and was assisted that year 
by W.D. Morrison and D.B. Steele and in 1964 the author was assisted by W.D. 
Morrison, R.A. Fisher, and J.E. Walker. Areal mapping was completed in 1965. In 
1964 and 1965, some investigative drilling was undertaken in co-operation with the 
Ontario Water Resources Commission1 (now the Ministry of the Environment), the 
Ontario Soil Survey, and the Ontario Department of Highways (now the Ministry of 
Transportation and Communications) in a co-operative mapping program financed by 
the National Research Council, Ottawa (Grant No. A-2140). Further investigative 
drilling was undertaken by the Geological Survey of Canada in the vicinity of the 
Woodbridge Cut in September 1966. The results of both of these drilling programs 
have been incorporated into this report.

In addition to the drilling, field techniques included the examination of road- and 
railroad-cuts, foundation investigations, pipeline trenches, sand and gravel pits, and 
natural exposures in valleys as well as test pitting and augering by hand. Aerial photo 
graphs with various scales were used. Photographs taken in 1954 at a scale of 1:15,840 
were obtained from the Ontario Department of Lands and Forests (now the Ministry

ISince this report was written, most Ontario Departments have been reorganized into 
various large ministries.



of Natural Resources); and photographs taken in I960, at scales of 1:25,000 and 
1:28,000 were obtained from the National Air Photo Library, Ottawa.

All public roads in the area were traversed, as well as many private roads and tracks, 
and numerous river and creek valleys. Over 1,800 field stations were examined and 
described.

Water well records of the Ontario Ministry of the Environment were examined to 
obtain information on the bedrock surface. Over 4,500 records were available up to 
October, 1967 representing the number of wells that have been drilled in the area since 
1946 when drillers were first required to report their work to the province. The informa 
tion obtained here was supplemented by other subsurface information and a bedrock 
contour map was subsequently published (White and Morrison 1968), and accompanies 
this report (see back pocket). The results of seismic geophysical traverses through 
Vaughan, King, and Albion Townships by the Geological Survey of Canada have 
recently been made available to the author (G.D. Hobson, personal communication, 
March 1968) and will lead to some modification of the original contours especially in 
areas where little bedrock information was available from water well records.

Samples were taken from bore holes and at many field stations and were subjected 
to a variety of tests as follows:

1. Grain size analyses (sieve and hydrometer)—226 samples were analyzed in the 
Department of Civil Engineering, University of Waterloo.

2. Atterberg Limits—180 samples; 60 samples were tested by the Ontario Ministry 
of Transportation and Communications, and 120 samples at the University of 
Waterloo.

3. Specific Gravity—Determinations were made on 60 samples by the Ontario 
Ministry of Transportation and Communications.

4. Carbonate determinations (Chittick method)—150 samples were analyzed; 85 
at the Mineral Research Branch of the Ontario Division of Mines and 65 at the 
University of Waterloo.
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Previous Investigations

The numerous workers who have investigated various aspects of the geology of the 
Bolton map-area, both with respect to the bedrock and the surficial deposits, have 
produced a great number of papers and reports. Early investigations were concerned 
with the surficial deposits but most of the later geological work in the Bolton area was 
concerned with the bedrock. The Escarpment provides accessible sections as well as 
lime kilns and stone quarries.

Bedrock Studies

In the year following the founding of the Geological Survey of Canada in 1842, 
the first bedrock studies were made by A. Murray and subsequently reported in summary 
by Sk William Logan (1863). Numerous other studies followed and perhaps the most 
useful of these are by M.Y. Williams (1919) and J.F. Caley (1940) (Figure 2).

In recent years, T.E. Bolton and B.A. Liberty have restudied and redefined many 
of the units of the Paleozoic in southern Ontario. Their publications of particular rele 
vance to the Bolton area are Bolton (1957) and Liberty (1964a; 1964b; 1969). B.V. 
Sanford (1961; 1964; 1969) has reported information obtained by subsurface drilling 
throughout southern Ontario.

Reports on the economic aspects of the bedrock prepared by W.A. Parks (1912), 
MF. Goudge (1938), D.F. Hewitt (1964), and GR. Guillet (1967) have included 
references to specific locations in the Bolton area.

Bedrock surface contours have been determined in areas adjacent to the Bolton area: 
to the west (Davies and Mcclymont 1962), to the north (Deane 1950), and to the 
southeast (Watt 1955; 1968; Rogers, Ostry, and Karrow 1961). A bedrock surface 
contour map for the Bolton area was prepared during the present study (White and 
Morrison 1968) and is included with this report (see back pocket).

Surficial Deposits

J J. Bigsby (1829) described the topography between Toronto and Lake Simcoe, 
but the first geological discussion of the surficial deposits in the Bolton area was given 
by Thomas Roy (1837). Roy, a civil engineer engaged in surveying routes for canals 
and railroads, identified 13 level ridges or terraces of sand and gravel between Lake 
Ontario and Lake Simcoe. He assumed the existence of a large inland sea of fresh water
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Bolton Area

to explain their presence. Charles Lyell, who five years later spent a day in the field 
in the area with Roy, appears to have had some reservations with Roy's ideas. Lyell 
(1845) noted that whereas some of the features were shore cliffs and beaches, others 
were possibly offshore bars. He noted the similarity between the ridges and the Osars 
of Sweden as well as with descriptions given of offshore bars along the west coast of 
Australia (Lyell 1843; 1845).

Logan (1863) attempted to subdivide the various "superficial deposits of the 
champaign region of Canada" between Lake Superior and Gaspe i.e. Ontario and Quebec. 
One of the subdivisions in Canada West, now central and southwestern Ontario, was 
the Artemesia1 Gravel, "a belt of loose gravel" located on the high ground west of the 
Niagara Escarpment, extending 100 miles south from Owen Sound to Brantford and 
averaging 23 miles wide. A spur to this belt was identified in Albion and Adjala Town 
ships, from the Niagara Escarpment to the Oak Ridge and thence on to Trenton over 
100 miles to the east. The ridge was said "to be composed wholly of sand and gravel".

In 1882, J.W.W. Spencer, concluded that no evidence existed for the Artemesia 
Gravel or the Oak Ridge to be morainic ridges and that there was "no doubt that the 
whole area was submerged beneath the sea level to at least 1,700 feet", (Spencer 1882c). 
Then, in referring to "ridges in the form of moraines" around Georgian Bay, Spencer 
(1888) appears to infer the same for the Oak Ridges which he said contained "stones 
in the clay (which are) glaciated, often of limestone.. . ..". In the same abstract, reference 
is made to "a drift carrying agent" and "drift-bearing currents" and again the submer 
gence "of the region of the great lakes...to a depth of at least 1,700 feet" (Spencer 
1890b).

Further work by Spencer and others (G.K. Gilbert, F.B. Taylor, A.P. Coleman, 
and J. W. Goldthwait) over the next ten years showed that the numerous shorelines 
around the modern lakes were related to glacial-lake levels and not marine levels.

In 1893, Taylor commenced his field studies in southwestern Ontario and over the 
years spent considerable time in the Bolton and surrounding areas. Although the results 
of his work were not published as a whole until 1913 (Taylor 1913a), by at least 1899, 
the Oak Ridges was recognized as a moraine (Coleman 1899) -

Taylor recognized and named many moraines throughout southwestern Ontario and 
seven moraines were represented as occurring, in whole or in part, within the Bolton 
area. They are as follows:

(1) Paris and Galt Moraines—part of the Port Huron morainic system.
(2) The Oak Ridges Moraine.
(3) Palgrave Moraine (lies entirely within the map-area).
(4) Linton Moraine.
(5) Cheltenham and Bolton Moraines.
In the middle 1930s, D.F. Putnam and L.J. Chapman commenced thejr studies on 

the physiography of southern Ontario. The succeeding years saw the publication of a 
series of papers (Putnam and Chapman 1936; 1943; and Chapman and Putnam 1937; 
1943a; 1943b; 1949), which culminated in the publication of their classical and widely- 
used monograph 'The Physiography of Southern Ontario". First published in 1951, a. 
second edition became available in 1966 (Chapman and Putnam 1951; 1966).

IThe form in the original citation was Artemisia. The original form was used in the text 
accompanying the maps issued in 1865, but Artemesia was used in the legend on the map.. 
Subsequent usage appears to be Artemesia.



Taylor in association with F. Leverett, published a monograph (Leverett and Taylor 
1915) which was followed by a paper (Taylor 1939) which modified and corrected the 
results published in 1913.

Chapman and Putnam modified Taylor's work concerning the moraines in the 
Bolton area, and added some detail. Chapman and Putnam considered that the Paris- 
Gait Moraine ended in the vicinity of Caledon and the northern continuations of this 
part of the Port Huron system were designated the Smghampton and Gibraltar Moraines. 
Chapman and Putnam extended the definition of Taylor's Oak Ridges Moraine to 
include Taylor's Palgrave, Linton, and Cheltenham (in part) Moraines. They gave no 
recognition to the southern part of Taylor's Cheltenham Moraine nor to his Bolton 
Moraine.

Several special studies involving parts of the Bolton area have been published. 
These include four reports on the groundwater resources of Vaughan, Albion, Toronto 
Gore, and King Townships (Hainstock, Owen and Caley 1948a, b, c, d). A.K. Watt 
investigated the groundwater resources in North York and Etobicoke Townships between 
1947 and 1953 but the reports were not published until some time later (Watt 1955; 
1968). Published water well records for the whole province include those for the Bolton 
area (Watt 1951; 1953; 1957; Ontario Water Resources Commission 1961; 1963; 1965; 
1966a, b). Reports prepared for various conservation authorities whose watersheds 
include part of the Bolton area also contain results of geological investigations 
(Dreimanis 1954; Deane 1963, unpublished manuscript).

Reports submitted to the Metropolitan Toronto and Region Conservation Authority 
with respect to proposed damsites on the various branches of the Humber River contain 
details of considerable subsurface investigations as well as details of surface investiga 
tions by A. Dreimanis (H.Q. Golder and Associates Ltd. 1962a, b; James F. MacLaren 
Limited 1963). M.C. Roberts (1963) investigated some aspects of the physiography 
of the Humber River Basin.

Hewitt (1962) discussed the effect of the urban expansion on the mineral industries 
in the Toronto area. Hewitt and Karrow (1963) published a report on sand and gravel 
in southern Ontario and included therein results of pebble counts from 20 sand and 
gravel pits in or near the Bolton area which were accessible in 1961 and 1962.

Most of the studies undertaken prior to 1950 were concerned primarily with physio 
graphic relationships. A. Dreimanis (1954) was the first to discuss stratigraphic rela 
tionships of the Pleistocene deposits in the Bolton area but the report included only a 
few square miles within the Bolton area. The geology section in the MacLaren report 
gave an opportunity for further discussion of the stratigraphy especially as the strati 
graphy affected the location and design of the dams.

Many of the stratigraphic studies made in the Toronto area are relevant to the 
Bolton area and some include small areas of the Bolton Sheet (Watt 1955; 1968; White 
1964) or adjoin the Bolton area (Karrow 1964; 1968; 1970). The opening of the 
Woodbridge Cut greatly stimulated stratigraphic studies in the Toronto Region 
(Dreimanis and Karrow 1965) and Karrow (1969) has recently reviewed the progress 
to date.

Pedology

The entire area of the Bolton map-sheet has been mapped and reported on by the 
Ontario Soil Survey. Published maps are at a scale of l inch to l mile (Hoffman and
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Richards 1953; 1955; Hoffman, Wicklund, and Richards 1962; Hoffman, Matthews, 
and Wicklund 1963; 1964).

PALEOZOIC GEOLOGY 

Ordovician

The oldest rocks exposed in the Bolton area are blue and grey shales, siltstones, and 
limestones of the Georgian Bay Formation, Nottawasaga Group (Liberty 1964b). 
These rocks, often referred to as the Dundas-Meaford Formation, are exposed along the 
Main Branch of the Humber River south of Woodbridge, in the creek bed west of 
Woodbridge, and in the main channel and tributary valleys of both the West Humber 
and the Salt Creek in Toronto Gore Township. The upper part of the formation, with 
a high percentage of hard siltstone bands, is exposed in the Humber River in Adjala 
Township.

The shales are platy to thin bedded and commonly alternate with 1-inch to 3-inch 
thick, lenticular beds of calcareous siltstone and limestone. The upper part of the forma 
tion is somewhat more calcareous and less shaley than lower down, but generally the 
formation is lithologically similar throughout its ±550 foot thickness in the Toronto 
area. Chemical and X-ray studies by A.G. Sadler (1962) on a sample of shale obtained 
at Streetsville, which is south of the map-area, indicate mineral compositions of:

Mineral Percent
Illite-chlorite type clay minerals 62
Quartz 30
Calcite 6
Dolomite l

Guillet (1967) reported similar figures for average results from other nearby 
localities.

Numerous paleontological studies have been made on the rocks of the formation, 
especially to the south and southeast of the Bolton area, and seven "informal" (Liberty 
1964b) biostratigraphic units or zones have been identified (Dyer 1923a, b; Parks 
1923).

The Georgian Bay strata underlie 60 percent of the map-area and extend 20 miles 
to the east and southeast. A high percentage of gravel-sized fragments of Georgian Bay 
strata is found in the Bolton area tills and the "slabby" fragments of siltstone are very 
common in both the till and gravel deposits in the area. Rocks older than the Georgian 
Bay Formation i.e., the shales of the Whitby Formation, probably underlie the glacial 
deposits in the eastern part of the map-area where the bedrock surface is at an elevation 
as low as 117 feet above sea level.

The distinctive brick red shales of the Queenston Formation overlie the grey shales 
of the Georgian Bay Formation and underlie about 25 percent of the map-area. They 
are exposed at the surface in several places at the western edge of the map-area, i.e., 
along the slopes below the Escarpment (Photo 1). The Queenston Shales are thin to 
thick bedded, and have relatively few fossils. Numerous green bands can be seen in
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Photo 1-"Badlands" topography developed in eroded Queenston Shale exposed in 
slopes of Escarpment. Lot 35, concession III W, Chinguacousy Township.

lower

the exposures, some horizontal and some vertical. Caley (1940) suggested the green 
bands result from the bleaching effects of organic acid-rich water moving along joint 
planes. The shales weather rapidly on exposure to the atmosphere and produce a fine 
grained reddish clay soil. Till produced after ice passed over Queenston Shales is highly 
coloured and red tills and gravels are quite common above the Escarpment.

Sadler (1962) found the mineralogy of the Queenston Shales similar to that of the 
Georgian Bay Formation. Results obtained on samples from Streetsville and Nelson, 
both south of the Bolton area are:

Streetsville Nelson

Illite-chlorite 
Quartz 
Calcite 
Dolomite

percent
59
29
12

Nil

percent
50
27
19

3
Average results given by Guillet (1967) from 13 other localities are similar.

Total iron content is the same for the Queenston and Georgian Bay units but the 
red colour of the Queenston Shale is believed to result from some of the ferrie iron 
being present as ferrie oxide.

The Queenston Formation extends both north and south from the Bolton area but 
the width of its outcrop area is much less to the north, being l mile or less than to the 
south where it is up to 12 miles wide.

Both the Georgian Bay and Queenston Formations are relatively flat lying with a 
regional dip to the southwest about 20 feet to 25 feet per mile. In the relatively few 
exposures in the area, three minor structural features of interest were noted.
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Photo 2-Folded sediments, Georgian Bay Formation (Dundas-Meaford Formation). Folding 
probably caused by ice drag. Lot 17 E/2, concession VII, Toronto Gore Township.

In lot 17 E/2, concession VII, Toronto Gore Township, Georgian Bay shales and 
siltstone, covered by only a few feet of overburden are deformed into a small fold 
with the axial plane striking approximately N70E (Photo 2 ).

At Claireville about l mile south of the map-area, an excavation in the bed of the 
West Humber River revealed a thrust fault striking due north and dipping 17 degrees 
west. Total movement is only a few inches but it was enough to produce fault gouge 
and cause broken fragments of the hard siltstone.

Another small fold is in a creek bed near Woodbridge (lot 6 E/2, concession VIII, 
Vaughan Township). Here the axial plane strikes N52W. The limbs dip at angles up 
to 40 degrees in the wall of the channel but the dip is between 10 degrees and 20 
degrees in the channel floor, suggesting that the folds peter out at depth.

These minor structural features are believed to result from the relief of high hori 
zontal residual stresses occurring within the bedrock at shallow depths and which owe 
their origin to pre-existing loads of overburden (now eroded away) or possible glacial 
loading (Voight 1967).

Silurian

Silurian rocks are exposed in the map-area at outcrops along the Niagara Escarp 
ment. They include the Whirlpool, Manitoulin, and Cabot Head Formations of the 
Cataract Group (Lower Silurian), the Fossil Hill Formation of the Clinton Group 
(Middle Silurian), and two members of the Amabel Formation of the Albemarle Group
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Photo 3-Niagara Escarpment at Credit River valley "notch". Photograph taken near Caldwell 
looking southwest. Cap-rock formed by dolostone of the Amabel Formation (Lock- 
port dolomite).

(Middle Silurian). The grey sandstone of the Whirlpool makes a. strong contrast with 
the red shales of the Queenston Formation and the contact is well shown in the section 
at the intersection of the Caledon-Chinguacousy township line and the 3rd Line 
Road W, Chinguacousy Township, 2 miles southwest of Inglewood. Grey Manitoulin 
dolomitic limestone overlies the Whirlpool which in turn is overlain by the grey shales 
and limestones of the Cabot Head, which includes some distinctive red sandstone and 
shale bands in the upper part.

The thin-bedded dolostone of the Fossil Hill is exposed at Star and farther north 
and is overlain by the thin-bedded Lions Head and massive Colpoy Bay dolostone 
members of the Amabel Formation which provides the cap-rock for the Escarpment 
in the map-area (Photo 3).

The map-area lies astride the transitional region between the Uthologkal and faunal 
zones of the Bruce Peninsula and those of the Niagara Peninsula. The effects of this 
transition of the nature of the local rocks are discussed in full by Bolton (1957).

Economic Geology

In localities to the south of the Bolton area, Ordovician shales are extensively 
quarried to provide raw material for the clay products industry in the Toronto-Hamilton 
region (Guillet 1967). No similar operations are found in the Bolton area but several 
localities where the shales are exposed and the drift cover is thin could be potential 
sites for future operations.
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Photo 4-De Forest Bros, sandstone quarry, near Inglewood. Whirlpool Formation, lot 2, 
concession III W, Caledon Township.

Sandstone of the Whirlpool Formation was formerly extensively quarried and mined 
to provide building stone used for many structures including the Parliament Buildings 
in Toronto (Parks 1912). Several small quarries near Inglewood are in the same material 
to produce the popular decorative product known as Credit Valley Stone (Hewitt 1964), 
(Photo 4).

In the dolostone exposed around the Escarpment, numerous small quarries were 
operated in association with lime kilns and a small operation at Credit Forks quarried 
the dolostone for the production of crushed stone (Parks 1912; Goudge 1938). All 
these operations have been inactive for many years.

Small quantities of natural gas have been found in some of the few wells which 
have been drilled in Caledon, Chinguacousy, and Vaughan Townships, but no well has 
been of commercial value (Caley 1940).

Bedrock Topography

The bedrock topography is shown on Map 2276 (back pocket). The bedrock con 
tours show the dip-s'ope surface and the scarp-face of the Niagara cuesta at the western 
edge of the map-area. The central part of the map-area seems to be a dissected plateau 
or rock ledge which is between the foot of the scarp slope in the west and the lowlands 
in the east. The eastern lowland may possibly contain the valley of the proposed pre 
glacial Laurentian River (Spencer 1890b) or the lowland itself may just be part of 
a broad Laurentian valley. In the northeastern part of the map-area, the records of 
several wells to rock indicate the presence of a bedrock high. Such a condition appears
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consistent with several other well records outside the area, but recent geophysical 
studies suggest that the bedrock surface is much lower (G.D. Hobson March 1968, 
personal communication). Total bedrock relief in the area is about 1,200 feet.

The density of well records varies considerably across the area and, hence, so does 
the detail of knowledge of the bedrock topography vary. There are, however, some 
features of the bedrock surface which seem evident.

TOPOGRAPHIC FEATURES 

Buried Bedrock Outlier

Several relatively high bedrock elevations are in the area between Victoria and 
Qaude in Chinguacousy Township, and the resulting contours suggest a north-south- 
trending ridge in front of the cuesta scarp and separated from it by a deep buried valley. 
The topographic form of this buried feature and the area surrounding it are similar 
to the topographic expression of the Milton Outlier in Halton County, about 20 miles 
to the south. Both outliers are separated from the parent body by a valley about 200 feet 
in depth and are bounded on the north by a re-entrant valley cut into the face of the 
scarp.

The two features also differ. The Victoria Outlier and its environs are completely 
buried beneath a mantle of drift, in contrast to the Milton Outlier which has only a 
thin veneer of drift. The Milton Outlier is capped by resistant Amabel dolostone but 
the Victoria Outlier, as far as can be determined, consists of soft Queenston Shale.

The valley separating the buried Victoria Outlier from the main cuesta, is preglacial 
or pre-Wisconsinan in age and has probably been superimposed on the Queenston Shale 
by having been initially located along joint planes in the original cap-rock. However, 
once the stream had cut into the Queenston Shale, further downcutting and headward 
erosion would have been rapid, resulting in the capture of the stream flowing to the 
east from the re-entrant valley.

Such a development would explain the unusual drainage pattern revealed in the 
bedrock contours in the Inglewood area. The Milton Outlier does not seem to have 
reached this stage of development. The stream in the valley is very small and inter 
mittent. The bedrock in the valley bottom is only just being cut into and is Queenston 
Shale.

Another much smaller outlier in an early stage of separation is at Star, Caledon 
Township. Streams in this location were channelled along and have widened several 
vertical joints to produce an unusual drainage pattern, and geomorphic form. The 
absence of an upstream channel or other evidence of fluvial action is puzzling, but may 
be explained if the channels were eroded when the ice stood in the morainic position 
and meltwaters were cascading directly from the ice surface onto the exposed rock at 
the edge of the Escarpment.

The buried outlier at Victoria seems to be the soft, red shale of the Queenston 
Formation. That this rock was in prominent relief and that it survived several advances 
of the continental ice sheet seems anomalous. The writer believes the Victoria Outlier 
was in an advanced state of erosion in the Early or Middle Wisconsinan, with the cap 
rock being completely or almost completely removed. Subsequent advances of the ice 
removed the remnant cap, and probably some of the red shale, leaving behind merely
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a remnant of the former outlier. The buried Victoria Outlier is thus thought to be an 
erosional remnant, developed as a result of differential erosion of the cuesta scarp.

Re-entrant Valleys in the Niagara Escarpment

Two major rivers in the map-area, the Humber and the Credit Rivers, both have 
narrow, steep-sided valleys cut into the Escarpment face. The valleys are partially filled 
with glacial debris, but bedrock is also exposed in both valleys. Both valleys are 
associated with buried valleys east of the Escarpment. A third re-entrant valley, the 
Nottawasaga River valley, is just beyond the northwest corner of the area.

The writer believes that the Escarpment valley of the Humber River has been 
modified by glacial action but that the valley of the Credit River has not been greatly 
affected by glacier erosion. The valley of the main branch of the Credit River although 
oriented N40W was protected from the main thrust of ice moving from the east and 
southeast by a projection of the Escarpment which has an elevation of 400 feet above 
the valley floor and is across the open ends of the valley. Thus, any ice entering the 
valley would probably lack any significant erosive power.

The valley of the Humber River through the Escarpment is oriented N80E and 
vould have received the full thrust of an ice sheet moving out of the northeast or east. 
A low ridge or bedrock high at the mouth of the valley, composed of Queenston Shale 
and with a local relief at present of about 30 feet to 40 feet, does not appear to have 
blocked the passage of ice up the valley. The ice has apparently deepened the valley 
and left a small buried, hanging tributary, coming in from the south.

Chinguacousy Bedrock "Plateau"

Extending eastward from the base of the Escarpment and underlying much of the 
northeastern part of Chinguacousy Township is an extensive area with, what appears 
to be, a fairly level bedrock surface. The appearance may be deceptive for the wells-to- 
bedrock density in the area is very low. Several deep wells in the area around Sandhill 
seem somewhat anomalous and are suggestive of a buried valley. The records of these 
wells also suggest that had more records been available, a different impression of the 
relief of the area may have been obtained.

This "plateau" is bounded on the west and north by the Victoria Outlier and a 
buried valley, and on the east by several parallel east-west-trending buried valleys. The 
nature of its eastern boundary suggests that the Chinguacousy "plateau" is part of a 
more extensive plateau or terrace-like feature bounded on the west by the Escarpment 
face (viz. the 800-foot bedrock contour) and on the east by the dissected slopes of 
the Laurentian River valley. Thus, the bedrock surface in the Chinguacousy area would 
represent a less dissected part of a rock platform around the base of the Escarpment.

This leads to the consideration that two escarpment-like features are present. One 
is the generally exposed Niagara Escarpment with a dolostone cap-rock cresting at an 
elevation of 1,400 feet to 1,500 feet and with its base at an elevation of about 800 feet 
above sea level; the other is buried but with a crest above the Laurentian River valley 
at about 500 feet above sea level. The base of this feature in the Bolton area would 
be about 200 feet above sea level. The rock forming the crest of this lower feature may
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be the upper part of the Georgian Bay Formation which has a greater percentage of 
the more resistant beds of siltstone and limestone than lower down in the stratigraphic 
column. Thus, the Laurentian River may have been a master stream flowing parallel to 
the major bedrock topographic feature with numerous tributaries from both escarp 
ments.

Buried Valleys

Apart from the Niagara Escarpment, the major topographic features of the bedrock 
surface are numerous buried valleys. Most of the valleys probably owe their origin to 
subaerial erosion in preglacial or pre-Wisconsinan time with some modification during 
glaciation.

The preglacial valleys probably provided local directional control to the movement 
of the ice sheet and, through their reflection at the surface of the drift as linear depres 
sions, have influenced the development of the postglacial drainage pattern. The East 
Humber River is the only major stream of the area which has not been identified with 
a buried valley, but this could well be because so little information is available on the 
bedrock surface in the vicinity of this stream.

Not only has the postglacial drainage been controlled by the bedrock valleys, but 
apparently, so also was the interstadial drainage. This has led to a succession of streams 
in the same valleys but separated in time by periods of ice advance. As a result there 
may be complex sequences of glaciofluvial and glacial deposits in the walls of some 
of the present valleys. Where the present stream has cut a valley not exactly in align 
ment with a former valley, the walls of the present valley may consist of till without 
any great quantity of glaciofluvial deposits.

Older valley fill deposits in the walls of the present valleys has led to the establish 
ment of numerous sand and gravel pits.

In some of the buried valleys oriented parallel to the movement of ice, the valley 
fill deposits have been partially or completely removed and till has been deposited. 
Where buried valleys are oriented at directions almost at right angles to the direction 
of ice movement, the ice has passed over the valley leaving the valley fill virtually 
undisturbed.

In addition to containing gravel deposits, buried valleys are a source of groundwater. 
This is particularly important where buried valleys are located in areas where thin layers 
of impervious till overlie shale bedrock and consequently, the groundwater supply is 
inadequate for domestic or agricultural uses.

QUATERNARY GEOLOGY 

Geomorphology

The Bolton area has not only a great variety of both major and minor geomorphic 
features but also has parts of the two major topographic features of southern Ontario, 
viz. the Niagara Escarpment and the 100-mile long, east-west ridge of glacial drift, the 
Oak Ridges.
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Taylor (1913a) made the first major contribution to the geomorphic studies of the 
area, but Chapman and Putnam (1951) produced the most important contribution not 
just for the Bolton area but for all of southern Ontario.

The Bolton area has drumlins, till plains, moraines, and numerous features associated 
with deglaciation. Most geomorphic features associated with river valleys including 
numerous terraces are present in the area. These could be used to assist in unravelling 
the details of the postglacial history of the area.

TILL PLAINS

A generally level to very gently undulating surface underlain by glacial till is here 
referred to as a till plain (Photo 5). The term is for the most part synonymous with 
"ground moraine". Undrained depressions may be present but, if so, local relief is 
restricted to a few feet. However, a till plain may gradually become more undulating 
with an increase in local relief until hummocky topography and considerable local 
relief prevail. The topography would then resemble an end moraine. Therefore, a 
boundary between a till plain and an end moraine is arbitrary.

One major area and several smaller areas of till plain are in the Bolton area, with 
most of the smaller ones being around the edge of the map-area. The major area of till 
plain, underlain by the silt loam1 to loam Halton Till, includes almost half of the map- 
area. Part of the till plain surface is covered by a thin veneer of lacustrine deposits or 
a younger till which has appreciably modified the original surface i.e., a "bevelled till 
plain" (Putnam and Chapman 1936). The part of the till plain not covered by the 
veneer of younger deposits has been modified by erosion, except for a few small areas 
which appear to coincide with drainage divides between various small drainage basins. 
Within these small areas there are still a few shallow (less than 5 feet) undrained 
depressions. These areas provide a contrast to the eroded surface of the till plains where 
no undrained depressions remain and where the drainage does have an appreciable 
degree of integration although it is still in the early stages of development. These 
original till areas are scattered throughout the southern half of the map-area and 
although the surface pattern is not quite the same in all areas, the areas stand apart 
from their surrounds like islands.

Another area (not included in the above discussion) underlain by till and with a 
rather irregular surface and drainage development is considered not so much an uneroded 
till plain but an area where the surface overridden by the ice is reflected at the present 
surface. Thus, we have an example of "palimpsest" terrain which is discussed further 
below.

The isolated areas of original till plain and palimpsest terrain are believed to be the 
features which Taylor (1913a) considered part of his Cheltenham and Bolton Moraines. 
If the origin of the areas involved is accepted as given in this report, then two of the 
moraines which Taylor identified in the Bolton area may not be moraines. The palimpsest 
origin of the Campbells Cross-Kilmanagh area is fairly well indicated through surface 
and subsurface information but more detailed pedologic investigations are necessary 
before the hypothesis of the uneroded till plain surface can be firmly established.

ITextural descriptions and particle size limits are in accordance with the classification of 
the United States Department of Agriculture.
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Photo 5-Halton Till plain; Toronto Bypass Line (C.N.R.) at Keele Street, Photo looking 
south. Lot 2, concession IV, Vaughan Township.

Areas considered to be original till plain surface are as follows:
1. Chinguacousy Township — Claude to Cheltenham

A 4-mile strip about ^A to l 1/^ miles wide, paralleling the Credit River. The northern 
part of this area may also be palimpsest.

2. King Township — Nobleton
Several small areas are found here within a few square miles. Their surface elevations 
differ by as much as 100 feet yet they all have a similar surface appearance. The most 
prominent area is the north-south ridge west of Nobleton which merges into hummocky 
terrain in the north and forms part of the drainage divide between the Humber and the 
East Humber Rivers.

3. King-Vaughan Townships — Purpleville-Laskay area
Two areas are involved here. One is not too well defined, but the 3 Vi -mile long strip to 
the south of Laskay forms the drainage divide of the upper reaches of the East Humber 
and some of its tributaries which join the main stream south of Kleinburg. This Laskay 
ridge is separated from the hummocky topography around King City by a strip of land 
eroded by an intermittent tributary of the East Humber.

4. King Township — Strange
The small till plain at Strange without doubt exhibits the original surface. Very little 
drainage development has occurred on the surface and the northern part is transitional 
to the hummocky slopes of the Oak Ridges.

At first, the Halton Till plain was considered to have a fluted surface, with the east- 
west streams in valleys initiated by the glacier movement. However, the parallel drain 
age patterns in the southern part of the area are considered to be more related to the 
drainage pattern in the bedrock. Glacial flutings in the Halton Till plain are reported in

17



Bolton Area

North York Township (Watt 1955) and the Hamilton area (Karrow 1963), and in 
the Leaside Till in Scarborough Township (Karrow 1967). The flutings, and drumlins 
when present, have orientations which vary from almost due north in Scarborough Town 
ship to almost due west in the Hamilton area to the south. These orientations represent 
the fanning out motion of the ice moving out of the Ontario Basin. Thus, flutings could 
be expected in the Bolton area with orientations in between the limits given. The modern 
streams do have such orientations but so do the valleys cut in the bedrock. Although the 
present streams may be located in glacial flutings, the modern drainage patterns are 
considered to be influenced more by factors from preglacial times. 

Other areas which may be considered as till plains are as follows:
1. Caledon Township — Village of Caledon

This area is the oldest till plain in the map-area and consists mainly of drumlins. The till 
underlying the surface is a red sandy loam to loam with nummerous dolostone boulders 
and was believed to have been deposited by the initial advance of the Wentworth ice. 
This till plain apparently extended to the northeast and probably at least as far as the 
Escarpment edge. It was later overridden by ice advancing from the northeast which 
built its outermost moraine just l mile east of Caledon.

2. Caledon Township — Concessions IV E and V E
A 4-mile strip of till plain about l mile wide separates the two strands of the Sing- 
hampton Moraine. The surface is underlain by buff and pink sandy loam to loam till 
but in places is covered with minor sand and silt outwash. The plain contains several 
low drumlins in the central and northern part.

3. Caledon Township — The Grange
A narrow strip of till plain is located behind the Paris Moraine. The surface is underlain 
by light brown bouldery sandy loam till deposited by the Wentworth ice. Several drum 
lins are present in the wider part of the plain.

4. Isolated remnants (outliers) of northern lower till1 protrude through the mantle 
of sands in the northern part of the western half of the report-area e.g. Mt. Wolfe. These 
exposures could be parts of a till plain or of moraines.

5. Small isolated areas of northern upper till2 are not considered part of a till plain. 
However, the narrow rim of northern upper till which laps onto the Halton Till in King 
Township may have formed a till plain which the Lake Schomberg deposits later covered. 
In the northeastern part of the map-area, northern upper till caps the local hills.

DRUMLINS

There are several drumlins associated with the till plains above the Escarpment along 
the western edge of the map-area. They form the northernmost tip of the Guelph drum 
lin field which extends 25 miles to the southwest (Putnam and Chapman 1943; Karrow 
1968). Parts of six drumlins are located in the map-area around Caledon. Their major 
axes are between 2,000 feet to 6,000 feet in length and are oriented at N45W. The 
minor axes are between 500 feet and 2,000 feet long. The drumlins are probably con 
structed from a pink to red, bouldery, sandy loam to loam till. No deep road-cuts have 
been made through any of them so the nature of their cores cannot be readily deter 
mined.

l Northern lower till — Gwyn (1972) has formally named this till the "Newmarket Till". 
2Northern upper till — Gwyn (1972) has formally named this till the "Kettleby Till".
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If, as it appears likely, other drumlins were formed at the same time on the top of 
the Escarpment between Caledon and Mono Mills and Sleswkk to the northeast, any 
that may have been located east of concession II, Caledon Township, were probably 
later overridden and destroyed by the advance of an ice lobe from the northeast. This 
northeast ice deposited two moraine ridges, containing appreciable quantities of the 
overridden red till. A high percentage of the red till is particularly evident in the outer 
ridge.

This same ice lobe also deposited some drumlin-like features which are between the 
two ridges of moraine in concession V, to the southwest of Mono Mills. Two of these 
have long axes of 2,600 feet and 2,900 feet oriented at S40W. Their minor axes are each 
1,000 feet long, and their general appearance is much like the drumlins in the vicinity of 
Caledon. About l mile to the southeast, two other features similar in outline but with 
smaller axial dimensions, 2,000 feet long and 500 feet wide, are easily distinguished on 
the air photographs. On the ground they are hardly noticed as their crests are only a 
few feet above the surface of the till plain.

The texture of the material in these four northeast-southwest oriented forms and the 
associated till plain is similar to that around Caledon. The northeast lobe of ice was 
depositing a buff-coloured, gravelly, sandy loam to loam till which became mixed with 
the overridden red till. As a result, some of the exposures in this area have buff-coloured 
drift, others are red although usually a paler colour than around Caledon, and still others 
have a streaked or mottled buff-pink appearance.

Four more drumlins located south of The Grange in the southwestern part of the 
map-area are also similar in appearance to those in the Caledon area. Their major axes, 
between 2,000 feet to 3,000 feet in length, are oriented less regularly, i.e., N51W to 
N72W, than those at Caledon. The minor axes are between 400 feet to 1,000 feet in 
length. The till in this area has numerous large boulders of dolostone in a sandy loam 
matrix.

A l Vi-mile wide ridge of gravelly moraine lies between the drumlins at Caledon and 
The Grange. The drumlins in both areas and the moraine as well are believed to have 
been deposited by the same (southern) ice sheet. After the Caledon drumlins had been 
formed, the ice front melted back before it advanced again to the morainal position 
when The Grange drumlins and the moraine were deposited. The presence of drumlins 
ahead of a moraine built by the same ice sheet is a common feature throughout the 
Guelph drumlin field (Karrow 1963; 1968).

The only drumlins in the report-area occur where the till consists of a relatively 
coarse material i.e., where the matrix is a sandy loam or loam. No drumlins were seen 
in the more than 200 square miles of the map-area underlain by the finer grained Halton 
Till (silt loam to loam) or Wildfield Till (clay to silty clay loam). This agrees with the 
general observation made by Chapman and Putnam (1966) for southern Ontario as a 
whole and the more localized observations made by Karrow (personal communication) 
in the Hamilton-Gait area as well as by E.H. Muller in Chautaugua County in western 
New York. Muller (1963, p-27) noted that the drumlins are where the till consists of 
"sub-equal proportions of sand and silt, with the clay fraction ranging from 5 percent to 
15 percent" (clay fraction ^.0004 mm?). In the present study, all seven samples of 
till taken in the vicinity of Caledon and the Grange have the following textural com 
positions:
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Texture Percent 
Sand: (2.00 to 0.05 mm): 50-62 ) Percent of all 
Silt: (0.05 to 0.002 mm): 33-44 [ material smaller than 
Clay: ^0.002 mm): 4-14 ) 2.00mm.

Gravel and pebble contents O2 mm) of every sample range from 10 percent to 31 
percent.

Muller (1963, p-27) did not consider "that till constitution (was) a fundamental 
factor in drumlin development" but that quantity of drift, subglacial topography, and 
inherent glacial mechanics were probably more important. To the present writer it seems 
that in the Escarpment environment especially, drift composition and quantity, and 
subglacial topography are all intimately interrelated and entwined with glacial mechanics.

MORAINES

The term moraine is used here in the sense of a topographic expression of material 
deposited at the edge of an ice sheet. Its overall appearance has a linear character even 
if within its boundaries minor internal lineations are not seen. Its surface is generally 
rough to hummocky with numerous undrained depressions and knobby hills. The mate 
rial in a moraine may consist of till, or sand, or gravel or quite commonly, a mixture of 
all types of materials. Stratified clays and silts may be present if, during deposition of 
the moraine, a body of water was impounded and sediments deposited. A cross section 
through a moraine may show the results of various phases of the development of the 
moraine. After some materials had been deposited the ice may have moved forward 
disturbing the deposits or perhaps depositing more material directly from the ice. Thus, 
a section through the moraine might reveal a till layer over well sorted sands and gravels, 
etc. Likewise, thick sands and gravels may overlie an earlier deposit of till.

Moraines in the Bolton area are delineated mostly on the presence of undrained de 
pressions and (or) hummocky topography. Determination of the boundary between a 
till plain with its several shallow undrained depressions and a moraine with its numerous 
depressions of greater dimensions is arbitrary. Delineation of morainal areas has been 
made regardless of materials, on the basis that a moraine may consist of till as well as 
of glaciofluvial material. Where the origin of the contrasting material is known, the 
material boundary has been used to assist in determining the moraine boundary.

In summary, areas of hummocky topography are distinguished from areas where the 
topography was either "not so hummocky" or eroded. Where such hummocky areas have 
a linear trend, other evidence was examined to determine whether the feature should be 
identified as a moraine.

As mentioned in the section on "Surficial Deposits" under "Previous Investigations", 
Taylor undertook extensive studies of the southern Ontario moraines publishing his 
work in several papers (1899; 1909; 1911; 1913b) which were summed up in a pub 
lication on the moraine systems (1913a). This work stood apparently unchallenged until 
Taylor (1939) himself published some modifications and corrections.

Taylor identified the Paris and Galt Moraines in Ontario as being part of the Port 
Huron morainic system in Michigan, tracing the two moraines from Lake Erie in the 
south through the Bolton area close to the Escarpment edge to the vicinity of Colling 
wood on Georgian Bay in the north. Several other smaller moraines were shown in the 
centre of the Bolton map-area, viz. Linton, Palgrave, Cheltenham, and Bolton Moraines 
and a southwest-trending spur of the Oak Ridges Moraine just entered the map-area on 
the east (Figure 3 ).
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After several years of field investigations, Chapman and Putnam (1943a; 1949; 
1951; 1966) presented modifications of Taylor's work. They considered that if the 
Ontario-Erie lobe of ice operated independently of the Georgian Bay-Lake Simcoe lobe, 
then the moraines which were built by these lakes should be separately designated. Thus, 
they gave the names Singhampton and Gibraltar to those parts of Taylor's Paris and Galt 
Moraines which extended north from the vicinity of the Caledon salient of the Escarp 
ment around to Lake Huron.

Chapman and Putnam extended Taylor's concept of the Oak Ridges Moraine to 
include the high ridge of land across the Bolton area to the Escarpment. This included 
all or part of moraines designated Palgrave, Linton, and Cheltenham by Taylor.

In this report, the present writer would concur with Chapman and Putnam's treat 
ment of the Paris-Singhampton and Gait-Gibraltar Moraines in the Bolton map-area. 
Taylor's Palgrave Moraine has been redefined such that it would now mark, in part, 
the northern limit of advance of the ice which deposited the loam to silt loam Halton 
Till which covers most of the map-area. Further, the suggestion is made that the original 
concept of the Oak Ridges Moraine should be restored and modified to include the high 
area of sandy, hummocky terrain in King Township, between Pottageville and Eversley. 
Finally, a new moraine in the centre of the map-area has been identified and described. 
This moraine, referred to as the Gooseville Moraine, is the youngest moraine in the 
Bolton area.

Paris-Gait Moraines

In the southwestern part of the map-area, and south of Credit Forks, there is a ridge 
of hummocky terrain about l mile wide oriented northeast-southwest. This ridge can 
be traced to the southwest and joins the Paris Moraine mapped by Karrow (1963; 
1968) in the Guelph and Galt areas. The crest of the ridge has an elevation of 1,450 
feet and is about 75 feet to 100 feet above the level of its associated till plain to the 
southeast. Local relief is up to about 25 feet. The material consists mostly of bouldery 
sandy loam with numerous lenses and pockets of glaciofluvial sediments. A small part of 
a fairly level outwash plain, which consists of sand veneer over gravel, lies between the 
front of the moraine and the edge of the Escarpment.

Across the Credit River Valley, the moraine continues along the edge of the Escarp 
ment to the northeast (Photo 6), its crest again being at a maximum elevation of 1,450 
feet. It continues to the vicinity of Sleswick where it apparently merges with or is over 
ridden by a younger moraine built by ice from the Simcoe lobe. Between the moraine 
and the Escarpment, a broad shallow valley which is wider downstream was no doubt 
used by the meltwaters draining to the southwest. To the southeast, the back of the 
moraine decreases to an elevation of about ± 1,200 feet over a distance of approxi 
mately Vi mile. The crest of the ridge is hummocky with local relief exceeding 25 feet 
in places. A hummocky surface remains on the steep back slope of the moraine but has 
been modified by erosion.

The material in this part of the moraine is variable and may contain a loam till as 
well as considerable quantities of gravel and sand. The outer edge of the moraine appears 
to be more gravelly and have less till-like material, whereas the loam till layers are more 
commonly seen on the back slope of the ridge.
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PhotoS-Paris Moraine at edge of Escarpment, looking east. View shows back slope of 
south-facing moraine. Lot 9, concession II, Caledon Township.

The front edge of the moraine appears to have been eroded by early meltwaters. 
Two elevated terrace levels can generally be seen and the higher one seems to have been 
cut directly into the gravel of the moraine with very little or no deposition of alluvial 
sands and silts on the eroded surface.

Singhampton Moraine

The moraine built by the Georgian Bay-Lake Simcoe lobe as part of the Port Huron 
morainic system has been named the Singhampton Moraine (Chapman and Putnam 
1949). As originally defined, the Singhampton Moraine extends north from the vicinity 
of Caledon and is equivalent to the Paris Moraine mapped by Taylor just north of that 
area. In the Caledon-Sleswick-Mono Mills area, three subparallel moraine-like ridges 
were mapped by Chapman and Putnam (1951), but not directly identified. Taylor 
(1913a) appears to have identified the westernmost strand as the Paris Moraine and 
the other two as part of the Galt Moraine. The present study suggests that the western 
and central ridges are part of the Singhampton Moraine and that the eastern ridge is 
part of the Gibraltar Moraine.

These three ridges of hummocky terrain in the northwestern part of the map-area 
trend northwest-southeast. Two are on top of the Escarpment and the third is located off 
its edge between Mono Mills and Sleswick. All three appear to have been deposited by 
ice moving out of the northeast and two, at least, are probably the oldest moraines in the 
map-area. However, as stated above, only the western and central ridges are considered 
Singhampton Moraine and will be described here.
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The oldest or outermost ridge is about \Vi miles wide and is 25 feet to 50 feet 
above the till plain located between the two outer ridges. The front edge of the ridge is 
fairly sharply defined where the hummocky surface of the ridge contrasts with a drumlin 
field in which the drumlins are oriented in the same direction as the axis of the ridge. 
The rear of the ridge is transitional to the relatively level surface of the till plain with 
its shallow depressional areas.

The second ridge is not so high, being about 25 feet above the till plain. It is not 
as hummocky nor as regular in its outline as the first ridge, probably because it has been 
subjected to a greater amount of erosion. Near Mono Mills, this ridge curves towards 
the west and seems to merge with the first ridge in Mono Township, just beyond the 
edge of the map-area. North of Mono Mills, the back edge of this second ridge was a 
confining wall of a meltwater channel but between Mono Mills and Sleswick to the 
south, the confining wall was partly the exposed rock of the Escarpment. The third ridge 
is considered to be part of the Gibraltar Moraine, and is discussed below.

The material in the first ridge is generally more bouldery than that in the second 
ridge, and also includes much red material in contrast to the almost exclusively buff- 
coloured material in the second ridge. The red material in the first ridge is accounted for 
by the overriding of the red sandy loam till which was apparently on top of the Escarp 
ment before the Singhampton moraine-building ice sheet advanced into the area. The 
higher boulder content of the first ridge might also be expected from the fact that it is 
farther from the edge of the Escarpment than the second ridge. When the ice moved 
across the Escarpment edge it picked up a large quantity of dolostone boulders. Both 
ridges contain a high percentage of glaciofluvial gravels and sands, and the matrix of 
the till in each ridge is quite similar. Analyses on three samples show the matrix as a 
non-plastic, sandy loam, with a clay content less than 10 percent. The till matrix at many 
other sites was also examined and, if the boulder content and the presence of red material 
is ignored, the till matrix is not only remarkably similar in the moraine ridges but con 
sistent also with till seen elsewhere along the northern edge of the map-area and referred 
to here as northern lower till.

The first and second ridges appear to blend together just beyond the map-area to 
form a wide morainic band which continues on north across Nottawasaga River. This 
band of moraine north of Nottawasaga River was once considered the Gibraltar Moraine 
(Chapman and Putnam 1949; 1951), but after detailed studies by Chapman and Dell 
(1963), was renamed as part of the Singhampton Moraine.

The Singhampton and Paris Moraines are contemporary within the Port Huron 
morainic system. In the Caledon area, the Paris Moraine has overridden the first and 
possibly second ridge of the Singhampton Moraine, indicating that the Simcoe ice was 
on top of the Escarpment before the Ontario ice. The Simcoe ice deposited a substantial 
morainal ridge before the ice front receded to the position of the second ridge. At this 
stage, the Ontario ice advanced to the vicinity of the Escarpment, having overridden any 
parts of the Singhampton ridges which extended southeast below the Escarpment. The 
two strands of the Singhampton Moraine may be explained as follows. When the ice 
advanced from the Simcoe Basin and deposited the Singhampton Moraine, it overrode 
the Escarpment for only a few miles. This proximity to the edge of the Escarpment 
probably left the ice sheet in a condition in which its margins were very sensitive to 
any change in environment affecting the glacier. The local topographic features such as 
the Nottawasaga and the Humber notched valleys and the Escarpment, with its slopes 
facing in two directions, also probably contributed to this sensitivity. The two morainal 
ridges are considered to represent the positions of the Simcoe ice lobe after the ice had
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first advanced to its maximum extent and then occupied subsequently a later position a 
short distance back from its maximum position.

Thus, of all the segments of the Paris-Gait Moraines identified as such by Taylor 
(1913a), only the segment in the southwestern part of the map-area is retained as part 
of the Paris Moraine. The two segments in the northwestern part of the map area and 
formerly considered part of the Paris Moraine by Taylor (1913a) are now designated 
Singhampton and the adjacent segment formerly considered part of the Galt Moraine 
is now considered the Gibraltor Moraine. Of the two subparellel strands in the central 
part of the western edge of the map-area which Taylor identified as 'Galt' and 'Third', 
the 'Galt' strand is considered part of the 'Paris Moraine' and terminates at the bend in 
the moraine. The Third' strand is eliminated as a separate entity. The small cresent- 
shaped segment in the southwestern part of the Bolton area is believed by the author to 
be a narrow (Vi mile or less) strip of till deposited by the younger Halton ice sheet.

Gibraltar Moraine

A narrow, irregular ridge of gravelly till and stratified gravel and sand extend from 
a short distance south of Sleswick, northwest to the Humber River at Mono Mills. 
Northwest from Mono Mills to Nottawasaga River, the ridge appears to be missing 
although at several locations in this area the topography was suggestive of eroded 
remnants of a former ridge.

Southeast from Mono Mills, the ridge varies in width from 1/4 mile to 34 mile. The 
ridge declines rapidly in height to the east where it merges into the hummocky terrain 
of the ice contact stratified deposits. The crest of the ridge is about 10 feet to 20 feet 
above a flat-bottomed valley which lies west of the ridge between the ridge and the 
face of the Escarpment when it is exposed. The crest of the ridge is quite hummocky as 
is the east-facing slope, although the irregular surface of the slopes is largely a result of 
erosion.

The position of the southern limit of the ridge is difficult to determine. The ridge 
appears to merge to the south and southeast into the hummocky terrain between Sleswick 
and Caledon East, and to the southwest into the hummocky terrain of the Paris Moraine.

The part of the material in the ridge that is not gravel has a texture of a loam to 
sandy loam. The gravel content is commonly very high and may be the most plentiful 
material. In many parts of the ridge, stratified gravel and sand provides the bulk of the 
material, although numerous exposures of a sandy loam till with a relatively low, from 
5 percent to 10 percent, gravel content are evident.

The ridge under discussion is considered to be the southern part of the Gibraltar 
Moraine described farther north by Chapman and Putnam (1966, p.68) as lying "behind 
the Singhampton and (being) similar but slightly weaker". The similarities in the 
Bolton map-area of the ridge of Gibraltar Moraine and the two ridges of the Sing 
hampton Moraine suggest that the Gibraltar ridge is perhaps merely a third ridge of 
the Singhampton Moraine. Nevertheless, other evidence leads to the conclusion that the 
ridge under discussion is a separate moraine.

The materials in the Gibraltar and Singhampton Moraines appear lithologically dis 
tinguishable although analyses are not numerous. The total carbonate content, 21 percent 
to 23 percent in the till in the Gibraltar Moraine, is lower than in the till from both 
strands of the Singhampton Moraine, namely 25 percent to 30 percent. In other material 
identified as northern lower till which is associated here with the Singhampton Moraine,
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the total carbonate content is about the same or is higher than that of the Singhampton 
Moraine (for example: 28 percent at Mt. Wolfe and 30 percent to 31 percent at the 
Kettleby road-cut). In addition, the slabby fragments of siltstone appear to have a 
higher percentage occurrence in the Gibraltar Moraine than in the Singhampton Moraine. 

Some support for a probable Gibraltar Moraine is also obtained from geomorphic 
evidence. The two ridges of the Singhampton Moraine are truncated at their southern 
ends by the meltwater channel formed in front of the Paris Moraine. Had the third ridge 
i.e., the Gibraltar Moraine, been in existence at the same time as the other two, a similar 
truncation might be expected. The Paris Moraine does not continue to the northeast 
beyond Sleswick. The destruction of any such preexisting ridges beyond Sleswick could 
be accounted for by the overriding action of the northern ice in advancing to the 
Gibraltar Moraine position.

Palgrave Moraine

The Palgrave Moraine was originally identified by Taylor (1913a, p.75) who defined 
it as "a short fragment extending south and east from Palgrave". The moraine was said 
(Taylor 1913a, p.75) to be "a strongly developed ridge with a rough hilly surface. 
South of Mono Road (Station) it is overlapped by a later moraine and 6 or 7 miles 
east of Palgrave it unites with a moraine made by the southward moving ice of the Lake 
Simcoe ice lobe".

As redefined here, the Palgrave Moraine includes all of Taylor's Palgrave Moraine 
as well as parts of his Cheltenham Moraine (the "overlapping" one), the Linton Moraine 
(the supposed northern one), and perhaps a small part of his Bolton Moraine.

The Palgrave Moraine (redefined) is a strip of hummocky topography, 3 to 4 miles 
in width, and extending northeast from a point near Caledon East to the vicinity of 
Palgrave and Mt. Wolfe, thence east across King Township to King City beyond which 
it merges with the Maple spur of the Oak Ridges Moraine just outside the map-area. 
The moraine has considerable local relief in some places but less so in others (Photos 
7 and 8). In concessions IV and V, Albion Township, the local relief exceeds 50 feet 
in places and produces perhaps the most rugged topography in the map-area. Other 
areas of appreciable local relief are in a small area to the east of Mt. Wolfe as well as 
in concessions XII to IX, King Township. The relief is greatest in the till areas and 
less in sandy areas though an individual hill in sandy areas can be prominent. These may 
be kames. The relief diminishes to the south where the moraine surface merges into the 
shallow depressional surface of the till plain.

The greater part of the moraine area has a yellowish brown, loam to silt loam till 
similar to the till plain to the south. This till of the moraine area is believed to cor 
relate with the Halton Till to the south (Karrow 1963). The till may occur as a thin 
layer, 3 feet to 5 feet thick, and can be seen in road-cuts where it overlies stratified 
sediments. At other places, deep road-cuts (±20 feet) reveal sections containing a till 
with a remarkably consistent texture. In concessions XI to IX, King Township, no trace 
was seen of sand underlying till even though road-cuts were deep and numerous. Water 
well records in this area suggest that sand may not be any closer to the surface than 
about 85 feet1. An appreciable part of the moraine area contains stratified sands and

121 water well records gave depths to sand of between 85 feet to 265 feet with an average 
depth to sand of 130 feet.
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Photo 7-Knob and kettle topography, Palgrave Moraine, west of Mt. Wolfe. Lot 21, con 
cession VIII, Albion Township.

ODM894V

Photo 8-Knob and kettle topography, Palgrave Moraine, east of Mt. Wolfe. Lot 27, con 
cession XII, King Township.
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gravels as well as stratified and massive silts. These areas are mostly in the vicinity of 
Mt. Wolfe. The silts, at least, have apparently been deposited in fairly deep waters im 
pounded in the moraine area. Deposition over buried ice masses is suggested by the 
common occurrences of disturbed structures of the stratified silts. In the areas shown as 
ice contact stratified drift in the moraine zone, numerous exposures of till are seen either 
overlain by or underlying stratified sediments. Nevertheless, the dominant material in 
such areas is the stratified sediments. This moraine was apparently deposited by ice 
moving out of the Lake Ontario Basin in a north and northwest direction, and for much 
of its length appears to mark the maximum limit of advance of the Halton ice.

While the western flank of the advancing Halton ice stagnated at the base of the 
Escarpment slope other parts of the ice front appeared to advance a greater distance 
than adjoining parts. This is indicated by the lobe-like projections of hummocky topog 
raphy along the outer edge of the moraine. Two of these are seen around Mt. Wolfe 
which is about 200 feet above the surrounding land. The lobe to the west of Mt. Wolfe 
is flanked on its west by the Escarpment slopes and the lobe on the east (or northeast) 
of Mt. Wolfe is confined between Mt. Wolfe and another mass of older till of probably 
the same age as Mt. Wolfe. Another lobe which is not so obvious is south of Lloydtown. 
The moraine boundary shown is drawn at the limit of hummocky topography. However, 
the moraine originally extended farther north for at least a mile and possibly even more, 
because the front edge of the moraine has been overridden and cannot be seen. If these 
factors are considered, then it can be seen that a Lloydtown lobe was confined between 
a mass of early till, (northern lower till) on the west and the high sand ridge in 
northern King Township on the east.

These three lobes coincide with three topographic lows across the north of the 
report-area. Even with the addition of the morainal deposits these areas are still lows so 
that before the ice advanced into the area, it would be reasonable to assume that the 
areas involved were even lower than at the moment. With these low gaps or saddles the 
ice would tend to flow into these areas rather than flow evenly across the surface. Thus 
there would be a concentration of flow lines toward the gaps and a consequent increase 
in available energy in these areas.

It is also noted that perhaps the most hummocky areas of the moraine are associated 
with these lobate projections and it is very tempting to equate the degree of roughness 
of the moraine surface with the stress conditions or energy levels that must have existed 
in these gaps or topographic lows.

It has also been noted that the more hummocky areas within the moraine are found 
where the moraine is more obviously constructural whereas the less hummocky areas 
are frequently related to palimpsest terrain.

The stagnation features along the limit of advance of the Halton ice and those 
associated with the stratified sediments around Mt. Wolfe tend to suggest a general 
observation that impeded flow environment will tend to promote stagnation conditions 
whereas an unimpeded flow environment will encourage the construction of very hum 
mocky topography. Again this needs much more investigation as even in the Bolton 
area one can see apparent disparities with this theory.

The Oak Ridges Moraine is perhaps the most widely known moraine in southern 
Ontario. It is generally equated with the ridge of high land extending east from the
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Escarpment for a distance of some 100 miles. The ridge has, since the earliest days of 
settlement, both Indian and European, considerably affected movement north from 
Toronto and it is not surprising that this major topographic feature acquired a specific 
name not many years after settlement. At least by 1829 it was known as the Oak Ridge 
(Bigsby 1829) and it is also not surprising that, when it was first recognized as a 
moraine, it gave its name to the moraine with which it had become equated. Many 
references to the moraine are noted over the years before Taylor (1913a) formerly 
described and defined the Oak Ridges Moraine.

Only the western tip of Taylor's Oak Ridges Moraine is in the Bolton map-area. 
Chapman and Putnam (1943a, p.39) extended and otherwise modified the original 
definition of Taylor's Oak Ridges Moraine. They incorporated several minor moraines 
of Taylor's into their new Oak Ridges Moraine, extending it right to the Escarpment, 
but at the same time "No attempt was made to separate the component parts of the . . . 
moraine,. . .". The wide use of Chapman and Putnam's monograph has led to the equally 
wide usage of their definition of the Oak Ridges Moraine.

The proposal is made here that the Oak Ridges Moraine should be redefined to 
conform with Taylor's original concept and that if a western extension is made it should 
only include the high level sands in King Township.

The high spur or ridge of sands and gravel which extends from near Bond Lake 
(just outside the area) to Maple is the only part of Taylor's Oak Ridges Moraine that 
is in the Bolton area. The ridge rises to an elevation of about 100 feet to 200 feet above 
the till plain to the south and west and has a crest (where it remains) which has con 
siderable local relief. One depression has dimensions of about l mile in length, Vi mile 
in width, and up to 75 feet in depth. It occurs at the crest of the ridge and is at the 
edge of the map-area.

The ridge is made up of considerable quantities of sand and gravel which is worked 
by at least seven companies. The composition varies throughout the ridge ranging from 
100 percent sand in most places to 40 percent gravel and 60 percent sand. In many 
places the structure of the sediments suggests a kame environment but elsewhere out 
wash sands are dominant.

The ridge seems to have been overridden and covered with a thin layer of loam to 
sandy loam till 3 feet to 8 feet thick. The till capping is commonly seen around the 
edges of the ridge and in a few locations within the ridge. However, the extensive work 
ings preclude one from saying for sure that the ridge was once completely covered by 
till. The writer considers that the high-level sand ridge in King Township should be 
considered as part of the Oak Ridges Moraine. This is an area about 6 miles long and 
2 miles wide straddling concessions III to VII between lots 15 to 25 in King Township. 
The surface is almost everywhere underlain by fine to medium sands with gravel in 
some places. These deposits extend to considerable depth. The sands are on the height- 
of-land in the vicinity and must have been deposited when the area was essentially ice- 
walled.

The surface of the area varies from original hummocky (Photo 9) and channel floor 
surfaces through slightly to heavily eroded dissected slopes. In the northwestern part, 
the elevation of the ridge decreases sharply by 300 feet over a distance of 2 miles. Such 
slopes remain in woods. The northeastern part is also dissected but not to the same 
extent. The north-central part of the designated area has a rolling to slightly hummocky 
surface which appears to have been water worn, perhaps by the waters ponded in 
glacial Lake Kettleby.
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Photo 9-Oak Ridges Moraine, view south along 7th Line Road, south of Pottageville, King 
Township. Scene is characteristic of rugged topography in Bolton area.

The southern edge of the sand ridge seems to have retained much of its original 
surface. The southern edge is the highest part of the ridge. It has hummocky topog 
raphy in the east and what appears like a fairly smooth floor of a meltwater channel in 
the west. The Halton Till of the Palgrave Moraine laps up on the edge on the south and 
the west.

Very little till was seen in exposure at the surface anywhere within the area. A study 
of water well records suggests that whereas till may be present in several locations at or 
near the surface, the majority of wells start and finish (at considerable depth) in sand. 
However, from the few exposures in the eroded northwestern slopes, the northern lower 
till seems to underlie the sands at depth.

Thus, the inference is made that at least on the occasion of the last advance of ice 
from the south, as well as from the north, the ice did not cover this high ridge. In fact, 
it could well be that the last advances have contributed their meltwaters and their sedi 
ments to the building up of the ridge as a true interlobate moraine.

The reasons for suggesting that this high sand ridge should be considered as part of 
the Oak Ridges Moraine are as follows:

(1) The ridge seems to have maintained a true interlobate position for at least the 
last two advances of ice.

(2) The sands in this ridge are probably continuous with those in the Maple spur 
of the Oak Ridges Moraine. Many of the road-cuts between these two features show 
brown loam to silt loam till over stratified sediments. The till is quite thin, usually less 
than 10 feet and commonly about 3 feet to 4 feet.

(3) The sands in the ridge can probably be traced continuously at the surface from 
the east end of the area to link up with other interlobate sands of the Oak Ridges 
Moraine.
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This writer contends that the Oak Ridges Moraine should no longer be considered 
as extending to the Escarpment, but that its westernmost extremity is in the high ridge 
of sands in King Township.

In support of this contention the following points may be noted:
1. The Palgrave Moraine was deposited at the limit of the advance of a lobe of 

ice moving out of the Lake Ontario Basin. The advance of the ice and the building of 
the moraine appears in no way to have been affected by the presence of an opposing ice 
sheet. The advance of the Ontario lobe has been controlled by the topographic features 
of the overridden surface and the driving forces inherent within the glacier.

2. The Palgrave Moraine is considered as an independent entity and not as a com 
ponent part of any other moraine.

3. There is no continuity of similar material westward from Taylor's Oak Ridges 
Moraine (modified as suggested above). The topographic low between Mt. Wolfe and 
Highway 27 is underlain by the Halton Till of the Palgrave Moraine. Sands are no 
closer than 85 feet to the surface and commonly much deeper.. No lithologic link of 
genetic significance has been found between the King Township sands and those around 
the foot of the Escarpment.

4. A genetic relationship does not exist between the sands around the base of the 
Escarpment and those in King Township. Most of the sands to the east of the Escarp 
ment (Albion Sands) will be shown to have originated with the meltwaters of stagnant 
ice whereas the King Township sands in particular and the Oak Ridges deposits in 
general have had a different (active?) origin or origins.

5. The break in continuity of the character of the height-of-land between the 
Escarpment and the Oak Ridges has long been recognized (e.g., Logan 1863; Chalmers 
1902; Taylor 1913a).

Thus, the Oak Ridges Moraine should be redefined, recognizing that there is very 
little justification for its extension westward to the Escarpment. It is not intended to 
attempt such a redefinition as only a small part of the Oak Ridges Moraine as redefined 
lies in the Bolton area.

Linton, Cheltenham, and Bolton Moraines of Taylor

The areas Taylor included in his definition of the Linton Moraine are very difficult 
to determine precisely. However he did include what is now the northern edge of the 
redefined Palgrave Moraine and the sands in King Township which is now suggested 
should be included in the Oak Ridges Moraine. The proposal is here made that the 
Linton Moraine does not in fact exist as a unique feature.

The Cheltenham, Bolton, and Scarborough Moraines were all identified by Taylor 
(1911; 1913a) as belonging to a system which owes its origin to ice which moved 
westward and northwestward out of the Lake Ontario Basin. The Scarborough Moraine 
was later redefined and renamed (in part) the Trafalgar Moraine (Chapman and 
Putnam 1949). The part of Taylor's (1913a) Cheltenham Moraine which extends 
northwest from Mono Road Station is in this report incorporated in the redefined 
Palgrave Moraine. The area from Mono Road Station to Claude which Taylor included 
in his Cheltenham Moraine is considered by this author to be a ridge of stratified sands 
that has been overridden by the Halton ice. The ridge has a layer of Halton Till 3 feet 
to 4 feet thick and is not considered a moraine in this area. In addition, the area south 
from Claude and past Cheltenham to the vicinity of Georgetown (beyond the Bolton
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map-area) is regarded by this author as merely an erosional remnant of the original 
till plain surface rather than the water-laid moraine interpretation of Taylor. However, 
more detailed investigations are required to establish the origin of this area. For the 
present, the Cheltenham Moraine is not considered to be in the Bolton map-area.

The Bolton Moraine was first described by Taylor (1911) as extending from the 
vicinity of Milton, northward to Georgetown, and probably northeastward to connect 
with the Oak Ridges Moraine at Bond Lake. Although the Bolton Moraine appears 
to be represented on the map accompanying a paper of Taylor's (1939), no mention 
of it is made in the text. The only other reference that could be found in the literature 
to the Bolton Moraine is in an early paper by Putnam and Chapman (1936).

The present writer contends that Taylor put together several features of various 
origins to make up his Bolton Moraine. He included in his "moraine": (1) the hum 
mocky terrain associated with the northern part of the Brampton buried esker in 
Chinguacousy Township, just outside the Bolton map-area, (2) parts of a weakly 
expressed morainal ridge near Bolton Station and south towards Tullamore i.e., part 
of the Gooseville Moraine, (3) some erosional remnants of a former till plain near 
Nobleton and Laskay, and (4) part of the Palgrave Moraine where the latter merges 
with the Oak Ridges Moraine southeast of King City. In conclusion, the author does 
not believe that the "Bolton Moraine" as described by Taylor exists in the Bolton 
map-area.

Gooseville Moraine

A clay-rich till deposited in a Vi-mile wide band, in the shape of a horseshoe, is 
here referred to as the Gooseville Moraine. The western arm of the moraine is located 
in the vicinity of Gooseville, a small settlement in Toronto Gore Township, and extends 
northwest and north to Macville, thence east to the Humber River. There it curves to 
the southeast continuing in that direction past Nashville and Elder Mills. The moraine 
has a total overall length of about 17 miles exclusive of several small projections along 
its length. Another segment of similar width and appearance, but 2^/2 miles long, is 
located between Tullamore and Sandhill, about l mile west of the western arm of 
the horseshoe.

The surface relief of the moraine is low. It is not normally in excess of five feet 
and, generally, is less in the south and greater in the north (Photo 10). The "roughest" 
part of the surface is right at its northernmost point. The surface of the moraine is 
made up of many shallow depressions bounded by broad low ridges. In the north, 
most depressions would be 100 feet to 200 feet in diameter but a few of the very 
large ones are up to 800 feet long. In some parts of the moraine there is a tendency 
for the ridges and troughs to be broadly parallel. The internal lineation is generally in 
agreement with the external orientation of the moraine ridge.

Most minor drainage channels in the vicinity of the moraine rise at its edges but, 
in some places, a stream may parallel the edge of the moraine. Several of the large 
streams have cut deep valleys across the moraine ridge.

The Gooseville Moraine approximately marks the limit of advance of the ice which 
deposited the moraine, but the dark grey, silty clay loam till in the moraine is also 
found overlying the older Halton Till for short distances beyond the moraine. The till 
appears to have the same characteristics as the till phase of the Lacustrine-Wildfield 
Till Complex and where it is seen in contact with the older Halton Till, the two tills
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Photo 10-Gooseville Moraine. Stereogram of West Number River crossing moraine in area 
of greatest local relief, lots 3 to 8, concessions III, IV, and V, Albion Township. 
Stereogram prepared by University of Illinois. Committee on Aerial Photography 
from Canadian Dept. Mines and Technical Survey photography. Scale of photo 
1 inch to Vi mile. 
11=13,360 feet (April 29, 1960)
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can usually be distinguished on the basis of colour and texture. The Wildfield Till does 
not seem to be any thicker than 10 feet to 15 feet in the moraine itself and is usually 
much thinner ( dt 4 feet) back of the moraine.

The veneer of Wildfield Till is itself mostly covered by a complex of lacustrine and 
till deposits. These younger sediments also seem to have buried the southern ends of 
the arms of the moraine. On the east, the upper part of the east arm of the moraine 
is partly buried beneath the deltaic sands of proglacial Lake Peel. In places, the sands 
exhibit a somewhat fainter version of the surface pattern of the buried moraine.

The horseshoe shape of the moraine indicates that it was deposited by a lobe of 
ice which moved north in what must have been a very shallow and broad valley, drained 
now by the West Branch of the Humber River and its several parallel tributaries. The 
low relief of the moraine suggests that it has been formed underwater, but there does 
not appear to be much evidence of water having been impounded ahead of the moraine. 
If the ice was very thin and melted very slowly, it may have been possible for the 
meltwaters to have been confined in the crease around the edge of the melting ice.

The surface pattern varies throughout the Gooseville Moraine and it is probable 
that several different mechanisms have been involved. In the north, the surface is 
hummocky with individual depressions considerably smaller than elsewhere in the 
area. On the flanks of the moraine, the linear character is suggested more by a common 
orientation of a few depressions, than by a regular arrangement of till ridges. This 
writer is thus tempted to follow V.K. Prest (1968, p.8) who considered that the 
"term ice-block ridge with a prefix as to the type of material, appears useful for ridges 
formed under stagnant ice-conditions where the precise process of formation is in 
doubt". This writer believes the ice lobe became stagnant shortly after moving into 
the Gooseville position, and therefore considers these ridges in the Gooseville Moraine 
to be "till ice-block ridges".

HUMMOCKY TERRAIN

The part of the map-area considered as hummocky terrain is, to a great extent, 
underlain by glaciofluvial deposits of fine to medium sands, silts, and some gravels. It 
is distinguished from other hummocky areas by a lack of an overall lineal character. 
However, the northern part of the area to be discussed does contain a number of sub- 
parallel sand ridges, the presence of which is attributed to an earlier phase of geologic 
activity. This area is in the western half of the report-area. It is bounded by the 
Escarpment and the associated moraines on the west, by the Palgrave Moraine and 
associated features on the east and south, and extends northward beyond the map-area. 
A small narrow zone of hummocky terrain lies behind the Paris Moraine in the 
vicinity of Caldwell, Caledon Township. The main hummocky area has two distinct 
areas which are upstream from Palgrave and separated by the Humber River. North 
of the Humber, the area is characterized by subparallel sand ridges and by hills gen 
erally having a more rounded appearance as compared with the area south of the 
Humber. Local relief is less than to the south but some large individual kames are 
prominent. The northern part also has inliers of the northern lower till, which extend 
up through the younger deposits. These inliers may be prominent hills such as Mt. 
Wolfe and Rich Hill in Tecumseh Township just outside the map-area. This area 
north of the Humber River also has several small, separate patches of northern upper
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Photo 11-Hummocky terrain, lot 30, concession V, Albion Township.
ODM8952

ODM8953

Photo 12-Hummocky terrain, road-cut through small knob showing contrasting coarse and 
fine materials. Lot 32, concession IV, Albion Township.
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O DM8954

Photo 13-Slumped fine sands and silt sediments of probable glaciolacustrine origin. Lot 22, 
concession VII, Albion Township.

till, which seems to occur almost exclusively as thin (^.10 feet) cappings on flat-topped 
hills, such as the "moraine plateaus" of Gravenor and Kupsch (1959).

The sand ridges in this area have a remarkable degree of uniformity of orientation 
and character. Ten ridges have been identified and most of these are readily recognizable 
in the field. They have an average length of 4,000 feet with a range from 2,000 feet 
to 7,000 feet and an average height of 25 feet to 50 feet. The ridges may be sharp 
crested or they may consist of a series of small peaks. Those nearest to the Escarpment 
are oriented approximately N70W and those farthest from the Escarpment N80W.

The materials, which underlie the greater part of the area, seem to have originated 
from the deposition of drift on stagnant masses of ice which have subsequently melted 
depositing this super-gkcial drift to produce the hummocky surface. The process is 
similar to the mechanism outlined in the theory of formation of "collapsed masses" 
proposed by R.F. Flint (1957) and the "collapsed-outwash topography" proposed by 
L. Clayton (1962).

The part of the hummocky terrain which lies south of the Humber River is more 
hummocky than that to the north (Photo 11). The number of individual kames and 
other prominent features is greater but so also is the amount of stream erosion.

The material underlying the surface is composed mostly of sands but areas where 
gravels constitute a high percentage are not uncommon. Most such deposits are kame- 
like, showing highly irregular sedimentation conditions, bedding, and structure (Photo 
12). The origin of much of this sandy material is also assumed to be caused by the 
deposition of stratified material on stagnant ice masses which subsequently melted out 
(Photo 13).

This part of the terrain south of the Humber River does not have the inliers of 
older tills as in the north nor are there many exposures of till even in the areas adjacent
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to the Palgrave Moraine. However, some masses of brown loam till exposed in road-cuts 
suggest that perhaps the Halton ice did advance a little farther than the limit shown 
on the geological map (see back pocket).

Field evidence suggests that some of the glaciofluvial material around the Escarp 
ment has been deposited in channels formed against the high ground to the west. This 
is seen in the tracts of level land adjacent to steep slopes grading to the east. More 
detailed investigation may show that part of this area of hummocky terrain may be 
eroded kame terraces. Such terraces would be in addition to the one at the brow of the 
Escarpment in Mono Township.

Deposits of peat and muck in undrained depressions and along some of the valleys 
are common throughout the area. Deposits thicker than 2 feet or 3 feet are common, 
but most are of a very small areal extent.

MELTWATER CHANNELS

The vast quantities of water from the melting of the glaciers and the isolated masses 
of ice resulted in the cutting of new or the deepening of old channels or in the deposition 
of large quantities of gravel and sand.

Three of these channels are recognized in the Bolton area. Two channels are located 
around the rim of the Escarpment in the northwestern part of the report-area. One 
extends from Sleswick, south and southwest past Star and Caledon and is referred to as 
the Caledon Meltwater Channel; the other extends northward from Sleswick, past 
Mono Mills and is referred to as the Mono Mills Meltwater Channel. The third one 
rises near the settlement of Albion in Albion Township and has a southwest course 
through the village of Caledon East and empties into the valley of the present Credit 
River and is referred to as the Caledon East Meltwater Channel.

These features and many like them have been designated "spillways" by Chapman 
and Putnam (1951; 1966) and the term is widely used throughout Ontario. Other 
terms for these features have been used elsewhere by other authors and as a result 
there is some confusion with the terminology. In this report, the term "meltwater 
channel" will be used. Two other features, described below are referred to as "overflow 
channels", whereas it would be more appropriate to refer to them as "spillways". To 
prevent confusion, the word "spillway" will be avoided entirely.

Caledon Meltwater Channel

The Caledon Meltwater Channel traverses the rim of the Escarpment in the north 
western part of the Bolton area from Sleswick, south and southwest through Star past 
the village of Caledon and thence southwest beyond the map-area.

The channel is a broad, shallow valley with a flat to gently undulating floor. The 
channel is over l mile wide at Caledon but narrows considerably at Sleswick. The 
northern confining wall varies from a steep drift or rock face up to 40 feet high to a 
low, almost indistinct "step" near Caledon. The confining wall on the south is formed 
by a low gravelly ridge of hummocky moraine which is rarely more than 30 feet above 
the channel floor.

The material at the floor of the channel is usually well sorted and stratified fine to 
medium sand with some pebbles. The sand varies in thickness from 3 feet to a maximum
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of 9 feet. Well to poorly sorted gravels and sands underlie the upper sands and, in- 
several localities downstream from Star, the deposits are being worked commercially. 
Where the gravels are known to be of considerable thickness, the area is mapped as 
gravel but sand is indicated on the map if the subsurface is unknown.

The channel is not a simple, single channel, but one or two terrace levels may be 
present. In some places, the upper terrace appears to be merely a levelling off of the 
hummocky moraine and seems to lack even a thin veneer of water deposited sands. In 
other areas it seems that gravels previously in the channel have been eroded by a stream.

Where the modern stream is in the channel floor as it is downstream from Star, ir 
has cut a low channel, linking several shallow depressions in concessions II, III, and IV,. 
Caledon Township. The unusual topography at Star possibly owes its origin to post 
glacial erosion.

Mono Mills Meltwater Channel

The Mono Mills Meltwater Channel also starts at Sleswick, but extends around the 
edge of the Escarpment north to Mono Mills. Here the channel has been deeply eroded 
by the Humber River. It continues on through Mono Township to the Nottawasaga 
River Valley, outside the map-area.

The channel from Sleswick to Mono Mills may be up to 600 feet in width, but is 
usually much narrower. At Mono Mills, the channel widens to about l mile but narrows 
again to approximately 1,200 feet at the edge of the map-area. The narrowing of the 
channel at the north end may be a result of postglacial erosion. The western wall of 
the channel from Sleswick to Mono Mills is, for the most part, the rock face of the 
Escarpment, but north from Mono Mills the western wall is a ridge of bouldery, sandy 
moraine. On the eastern edge from Sleswick to Mono Mills, the meltwaters were con 
fined by a hummocky moraine ridge, also very bouldery and sandy. The ridge is rarely 
more than 30 feet above the channel floor but usually is 10 feet or 15 feet high 
(Photo 14). North from Mono Mills, the eastern confining wall is almost completely 
absent suggesting that the ice served as a valley wall, thus making this part of the 
channel a true kame terrace (Photo 15). The eastern edge of the channel deposits in 
this locality has been heavily eroded.

The material at the floor of the channel consists of several feet of well sorted and 
stratified sands overlying a variable depth of gravels and sand. The deposits can be 
readily seen in the upper walls of the valley of Humber River and in the erosion 
channels on the east edge of the deposit. Three pits had been commercially operated 
in the deposit, north of Mono Mills, but only the one at Mono Mills was in operation 
during the field work.

Terraces are not as evident in the Mono Mills channel as they are in the Caledon 
channel, nor is there a modern permanent stream in the channel floor.

At first sight, it seemed that the above two meltwater channels formed one con 
tinuous channel but closer investigation revealed not only did the channels convey the 
meltwaters in opposite directions but that the two channels were probably formed at 
different times. After the Mono Mills channel had been formed, the meltwaters origin 
ating near Sleswick would have flowed in either direction depending on the prevailing 
conditions. Regardless of the direction in which the meltwater initially flowed, they 
would reach the main Orangeville to Brantford meltwater channel. The water flowing 
north probably flowed west to the re-entrant to the Escarpment at the Nottawasaga
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Photo 14-Mono Mills Meltwater Channel, near Sleswick in narrow part of channel. High 
ground on left (west) is Escarpment face and stoping ground to right (east) has 
subdued topography of Gibraltar Moraine. Lot 33, concession l, Albion Township.

ODM8956

Photo 15-Mono Mills Meltwater Channel (kame terrace). Level surface in distant centre is 
underlain by gravels and sands from meltwaters confined between Escarpment 
face on left (west) and ice front on right (east). Farmhouse in distance is on crest 
of Escarpment. Lots 6 and 7, concessions VI and VII, Mono Township.
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River and then joined the southward flowing water in the main channel.
Evidence which shows the two channels to be relatively independent is as follows:
(1) The highest elevation of the floor of the channel is just north of Sleswick at 

about 1,450 feet above sea level. Farther north in Mono Township, the floor is at an 
elevation of 1,400 feet and south from Sleswick the elevation is only about 1,325 feet 
at Caledon. Adjustments for isostatic uplift are not considered significant.

(2) The highest elevation of the floor of the channels coincides with the narrowest 
part of the channels. Both to the north and to the south, the channel increases con 
siderably in width consistent with the increasing volume of flow downstream.

(3) Large flat slabby siltstone fragments in a working face of a small pit in lot 3, 
concession VII, Mono Township indicate flow to the north at this position.

(4) The southern confining wall of the Caledon channel is part of the Paris 
Moraine. If the eastern confining wall of the Mono Mills channel is considered part 
of the Gilbraltar Moraine, it is apparent that the Mono Mills channel did not come into 
existence until many years after the Caledon channel was formed.

Caledon East Meltwater Channel

The Caledon East Meltwater Channel is a well marked channel between the settle 
ment of Albion, Albion Township, and the village of Inglewood, Caledon Township. 
It is presently occupied by two small underfit streams, the Centreville Creek flowing 
northeast to the Humber River and the Little Credit River flowing southwest to the 
Credit River near Inglewood. The tributaries of these streams rise in the rugged area 
which slopes away from the moraines around the rim of the Escarpment.

The meltwater channel is about 9 miles in length and averages V2 mile wide. The 
floor of the channel is relatively flat with terrace remnants and possible alluvial fan 
deposits at the edges. The terrace remnants are not distinguishable on the map and, 
in places, seem to be cut into the confining material in the channel walls, but, in others, 
seem to be formed from remnants of gravels and sands previously deposited in the 
channel. The channel is bordered by several large peat-filled depressions probably 
resulting from the melting out of large masses of buried stagnant ice.

The surface of the channel floor is underlain by fine to medium sands, Modern 
Alluvium along the present streams, and, in several places, by peat deposits and swamps. 
At the lower end of the channel, there are at least 10 feet to 15 feet of gravel under 
the surface sands but there is little evidence of the nature of the subsurface materials 
upstream. Water well records are generally not helpful as most wells in the channel 
are dug wells to shallow depths and these are not reported. At Caledon East, the records 
of several deeper municipal wells show sands with gravels, silts, and some clay to more 
than 80 feet below the surface. It is not known if these are channel deposits or material 
similar to that in the walls of the channel.

In the few pits at the southwestern end of the channel, it was noted that although 
slabby siltstone fragments were present in the gravels, the percentage was much lower 
than that in the gravels of the Caledon and Mono Mills channels.

The East Caledon channel is believed to be the valley of a master stream which 
collected the meltwaters draining from the Escarpment slopes. Chapman and Putnam 
(1951, map) show a similar channel, which they call a spillway, extending farther 
to the northeast through Palgrave and Palgrave Station and including the Beeton Creek 
at the northern edge of the Bolton area. They considered this spillway to be an outlet
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to the south for the waters of Lake Schomberg as did Deane (1950), who, however, 
did mention the lack of any obvious channel characteristics in the Palgrave area. The 
author considers that the Caledon East Meltwater Channel extends no farther north 
than concessions III or IV, Albion Township. Firstly, there is no topographic expression 
of a valley to the north which could be contiguous with that to the south and, secondly, 
a study of the cross profiles of the lower part of the channel, of the reconstructed cross 
profiles in the upper part of the channel, and of the topographic profiles through to 
Palgrave Station shows no contiguous valley existed previously.

The broad, shallow valley through Palgrave Station which was included by Chapman 
and Putnam (1951) with the East Caledon channel is probably associated with north- 
flowing water and perhaps with meltwaters which flowed along what is now the upper 
reaches of the Humber River, i.e., between Mono Mills and Palgrave. The lack of an 
extension of the East Caledon channel beyond Albion and the possible link between 
the upper Humber and the Palgrave Station valley (?) suggests that a mass of ice 
may have served as a height-of-land between the drainage basin of the East Caledon 
Meltwater Channel and that of the upper Humber which then drained north into a 
late stage of Lake Schomberg (?). When the height-of-land (ice) was reduced, the 
upper Humber broke through towards the southwest and joined the lower Humber 
west of Bolton. Centreville Creek then became a tributary of the Humber, eventually 
occupying the upper part of the former East Caledon channel and flowing in a direction 
which was the reverse of the original stream.

The East Caledon Meltwater Channel seems to have conveyed its waters to the 
basin-like area just north of Inglewood. This low area probably held a lake which acted 
as a temporary base-level or "stilling basin" not only for the East Caledon waters but 
also for the streams flowing in the present valleys of the Credit and West Credit Rivers. 
The combined waters then drained away down the present Credit River valley but at 
a level much higher than the present valley level. Fragments of terrace deposits at 900 
feet to 925 feet indicate the level of deposition in the Inglewood Basin.

Overflow Channels

The quantity of water in the East Caledon Meltwater Channel varied and at times 
exceeded the capacity of the channel. When this occurred, the south confining wall of 
the channel was breached and the overflow crossed the newly exposed till plain into 
Lake Peel, which was at that time probably standing at early, high-water levels.

Two channels, cut by the overflow waters through the high confining ground to the 
south, are in the vicinity of Kilmanagh, Chinguacousy Township. Both channels are 
steep-sided and narrow, being less than 500 feet wide and about 20 feet to 25 feet deep. 
One has a maximum floor elevation of about 960 feet and the other is about 930 feet. 
The higher channel was apparently cut first and at its southern outlet is associated with 
remnants of a small sandy delta with an elevation of about 925 feet. The lower channel, 
perhaps closed by an ice block when the upper channel was cut, seems to have been 
occupied longer. The water in the lower channel flowed south across the till plain as 
a consequent stream entering Lake Peel and built a small sandy delta which is now 
at an elevation of 875 feet.

When Lake Peel receded to lower levels, the water which continued to flow south 
in the lower channel probably again emptied into Lake Peel at its new levels. Subse 
quently, the waters were diverted to a new channel and the present stream takes a
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sharp left turn and flows eastward and ultimately into the West Humber River. The 
short length of valley formerly occupied by this stream can be seen to the west of 
the small delta.

Two other channels in concessions VII and VIII, King Township may also owe 
their origin to overflow water, but their relationships to other features are not as clear 
as are the relationships of the channels in the Kilmanagh area.

The Kelly Lake channel in concession VII, King Township, is a broad steep-sided 
valley about 1,700 feet wide, south of Kelly Lake. The valley narrows to 500 feet at 
its downstream end from which it is drained by a small intermittent stream, tributary 
to the East Humber River. The floor of the channel is undulating and is mostly under 
lain by till. If this feature is a water-carved channel, then it may be associated with 
meltwaters coming from the high-level sands to the north and northeast of Kelly Lake.

The channel in concession VIII, King Township, about l mile southeast of Linton 
is well defined over a short distance and is bottomed by water deposited gravels capped 
by a variable thickness of fine to medium sand. This feature with its lowest point at 
an elevation of 925 feet has attracted the attention of two previous workers. Taylor 
(1913a, b) considered it as a southern outlet for the westward flowing river confined 
between a northern ice front and the high land of the Oak Ridges. He considered the 
river at first flowed across the Oak Ridges into the Lake Eversley Basin and continued 
so until such time as the Linton outlet was opened. Deane (1950, p.86) considered 
the channel as one of three possible "spillways" at an early stage of glacial Lake 
Schomberg. Although the Linton Channel is the one with the lowest elevation, Deane 
felt that the valley at its crest lacked "the characteristics of (a channel) carrying a 
large volume of water". Yet of the three listed by Deane, this Linton Channel is by 
far the best defined.

The channel is 1,500 feet wide over a length of 2,000 feet with a smooth and flat 
floor. North and south of this section the channel is only vaguely defined and the 
surface is hummocky with numerous small undrained depressions. Surface sands to the 
south may be associated with this channel as are the small valleys of tributaries of the 
East Humber River.

The short well defined channel suggests to this writer that the original channel has 
been cut partly in exposed drift and partly in stagnant ice. The only part remaining is 
where the channel had been cut in drift. The hummocky sands south of the well defined 
section were possibly deposited in the channel cut in the ice and deposited irregularly 
as the ice underneath melted.

LAKE PLAINS

Both the northern and southern parts of the Bolton area contain deposits of several 
proglacial lakes. Lake Peel was the major lake in the south and its deposits cover almost 
a quarter of the map-area, modifying the pre-existing, gently undulating till plain 
surface to an almost flat surface with a low regional slope to the south. The major 
proglacial lake in the north was Lake Schomberg, the deposits of which cover only a 
few square miles in the map-area. The Kettleby Sand Plain is a small flat area underlain 
by fine sands and silts and probably represents an early high-water stage of Lake 
Schomberg.

Finally, the Eversley Lake Plain is not, in a strict sense, a glacial-lake deposit for 
the lake boundaries were formed on all sides by high ground. However, the Lake
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Eversley Basin acted as a "settling pond" for the overflow waters from an early stage 
of Lake Schomberg as well as for the meltwaters originating from stagnant ice buried 
in the high land to the northwest.

Peel Lake Plain

Lake Peel (Karrow 1963) or Peel Ponding (Chapman and Putnam 1949) is the 
name given to a body of water which was impounded between a lobe of ice projecting 
up the Humber Valley and the high ground to the north, east, and west. Sediments 
deposited in this lake levelled out the former gently undulating surface of ground 
moraine to produce what has been called a "bevelled till plain" (Putnam and Chapman 
1936). The fairly flat, but regionally sloping surface, constitutes almost 25 percent of 
the map-area. The boundary of the plain is marked approximately by the 750-foot and 
775-foot contour lines. The surface slopes southeast and southwest towards the Humber 
River and has a minimum elevation of approximately 475 feet at the southern edge of 
the map-area. The surface is level, but has been dissected by numerous small tributaries 
of the Humber and its two branches.

The material deposited in Lake Peel as a thin veneer over the underlying till surface 
consists of variably stratified clays and silts commonly interbedded with bands, 3 inches 
to 6 inches thick, of till-like material. The stratified sediments and the till phase are 
here referred to as the Lacustrine-Wildfield Till Complex. Associated with these fine 
grained sediments are fine sands and silts of deltas. These deltaic fine sands are mostly 
located along the valleys of the present Humber and East Humber Rivers, but there are 
small deltaic areas to the west at higher elevations, indicating that they were formed 
at an early stage of Lake Peel.

Later, the major supply of water to the lake, besides the meltwaters of the glacier 
which formed the south shore, came down the early valleys of the present Humber 
and East Humber Rivers. The deltaic deposits built along these valleys have much 
greater areal extent and are thicker, being 10 feet to 12 feet thick in places, than the 
early high-level deltaic deposits in the west. These Humber sands are present almost 
continuously from an elevation of about 775 feet in the vicinity of Bolton and King 
Creek down to 500 feet at the southern edge of the report-area.

The water level in Lake Peel seems to have been continuously falling. As a result, 
there are no major shoreline features. Nevertheless, traces of three and possibly four 
shorelines are found in concessions IV, V, and VI, Vaughan Township. The overall 
appearance is of three shallow steps oriented in a northwest-southeast direction in the 
gently sloping surface to the east of the Humber River. The stepped effect shows to 
the east of the Humber River. The stepped effect shows up fairly well with the 10-foot 
contour interval on the 1:25,000 sheet (National Topographic Series Sheet, Wood- 
bridge, 30M7l3a). A study of a series of vertical sections in a southwest to northeast 
direction across the affected areas indicates water-planes at the following elevations:

(in feet)
(1) 730-720
(2) 700-680
(3) 640-610
(4) 530-500
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Photo 16-Shoreline of glacial Lake Peel, one of several weakly expressed shorelines is at 
gentle dip in road, Sideroad 10, concession VI, Vaughan Township.

The steeper slopes above these elevations probably formed the shorelines, but are 
far from being referred to as "shorecliffs" (Photo 16). In tracing these slopes in a 
northwest direction, each shoreline can be correlated with one of the major deltaic 
deposits.

This relationship is clearly seen in the Woodbridge-Humber Summit area where 
the water-plane at 530 feet to 500 feet coincides with the extensive deltaic deposits in 
that area. Similarly, the water-plane at 640 feet to 610 feet is related to the sands in 
the Elder Mills area and the water level at 700 feet to 680 feet to the sands in the 
Kleinburg-Purpleville area. The deltaic sands to the north and northwest of Kleinburg 
at elevations up to 750 feet and 775 feet were probably deposited when Lake Peel 
was against high land to the north and northeast and when conditions were not con 
ducive to the development of a shoreline. However, there are traces of breaks in slope 
at about 720 feet and 730 feet and these could be related to a shoreline. Likewise, 
some sands exposed at the surface at Maple at elevations of 750 feet to 775 feet may 
be beach deposits. These sands are thin and spotty and their structure has been 
destroyed by weathering.

Except for a small area of thin sands Vi mile south of Vellore, no shoreline or 
beach deposits were seen in association with the shorelines, nor were any concentrations 
of boulders seen at the base of the shorelines.

Mention was made earlier of an almost continuous deposit of deltaic sands along 
the shoulders of the valleys of the Humber and East Humber Rivers. As can be seen 
from the map, there are gaps in the mapped distribution but these gaps could have 
resulted from erosion rather than non-deposition. The sands can be grouped in three 
areas with distinct ranges of elevation and these three groups have been linked with 
the three shorelines to the east of the Humber.
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In North York Township, a possible shoreline at 465 feet to 475 feet above sea 
level was reported by Watt (1955, p.26). The glacial Lake Iroquois shoreline is at 
420 feet to 425 feet above sea level.

In summary, glacial Lake Peel was a short-lived proglacial lake whose waters were 
impounded between an ice front in the south and the high ground to the west, north, 
and east. The deposits associated with the lake are mostly silts and clays with some 
sands, most of which occur in deposits formed at the edge of the lake. From a study 
of the deltaic sands and the probable, although weak, shorelines, it would appear that 
deltas were built into Lake Peel at elevations of about 925, 875, 750, 700, 640, and 
530 feet and weak shorelines developed at approximately 700, 640, and 530 feet. 
Another possible shoreline at 475 feet is in North York Township.

Schomberg Lake Plains

Lake Schomberg is the name of the glacial lake which was impounded between the 
melting ice front of the northern ice lobe, which was the Lake Simcoe lobe, and the 
high ground to the south (Putnam and Chapman 1936). The material deposited in 
this lake covers several hundreds of square miles north of the Oak Ridges Moraine. 
Chapman and Putnam (1949) discussed the lake, its deposits, and history noting that 
most deposits were below an elevation of 850 feet and that water-plains were possibly 
as high as 1,025 feet. The lake outlet was believed to be across the height-of-land at 
Palgrave.

In his more detailed study of the Lake Simcoe District, Deane (1950) considered 
the lake level was probably not much higher than 900 feet. He considered that the 
Palgrave outlet, at an elevation of 950 feet, was one of three possible outlets to the 
south. However, he concluded that the most likely one was to the northwest around 
the Niagara Escarpment.

In 1954, Dreimanis stated that Schomberg-type deposits existed above and below 
the youngest (northern) till in the Upper Holland River Watershed and proposed 
that the older lacustrine deposits be considered as deposits of early Lake Schomberg 
and the youngest deposits be referred to as late Lake Schomberg. Late Lake Schomberg 
water levels were considered as possibly being at 1,000 feet and later at 925 feet above 
sea level.

In an unpublished manuscript prepared for the Holland Valley Conservation 
Authority, Deane (c.1963) noted that Lake Schomberg deposits were recorded at 
elevations up to 1,100 feet and weak shorelines at 1,125 feet. He further noted that 
the Schomberg deposits at the higher elevations were more commonly fine to medium 
sands of nearshore deposits rather than the more usual varved silts and clays at the 
lower elevations. Deane confirmed Dreimanis* observations of Schomberg-type deposits 
below a fine-grained till but rather than restricting Lake Schomberg to an early and 
late stage only, postulated "several stages... during which the ice front advanced and 
retreated several times over the area."

The above discussion has been given to show the evolution of ideas regarding the 
nature and extent of Lake Schomberg and its deposits. The deposits are not of great 
areal extent in the Bolton area, covering only 5 to 8 square miles at the northern edge 
of the map-area around the village of Doydtown.

The Schomberg deposits are usually less than 10 feet thick and irregularities of the 
original surface are commonly reflected through or show through the Schomberg sedi-
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ments. As a consequence, the plain is not always smooth and flat. The deposits are made 
up of a series of silts and clays and especially varved clays with individual varves up to 
three inches to four inches in thickness, but more commonly V4 inch to 1/2 inch thick. 
An excellent exposure of a varved sequence is at the Schomberg racecourse with other 
exposures visible in deep road-cuts east of Pottageville. The colour of the sediments is 
quite distinctive ranging from the pale brown of the clay to the pale grey of the silt. 
Other exposures are not varved and stratification is difficult to determine.

In the Lloydtown area, the deposits are almost certainly all related to postglacial Lake 
Schomberg (Dreimanis' late Lake Schomberg). The Kettleby Sand Plain may be an 
early phase of late Lake Schomberg whereas silts and clays exposed below the eroded 
Kettleby Sand Plain and in the eroded terrain in the northeastern part of the map-area 
are probably deposits of early Lake Schomberg.

A sand plain in the vicinity of Pottageville and the area shown as gravel outwash 
were apparently considered by Deane (c. 1963) as an outwash plain associated with the 
meltwaters of a small ice lobe in the Holland Marsh depression to the north. However, 
the topographic form suggests to the author that these sands and gravels are more like 
an alluvial fan deposit formed by streams originating from the severely eroded slopes to 
the southeast. The sands are generally 4 feet to 5 feet thick but may be up to 7 feet thick 
and overlie poorly sorted gravels. It is possible that this sand plain is a former delta 
built in a late phase of late Lake Schomberg or possibly at an early high-level stage of 
glacial Lake Algonquin. The elevation of this sand plain and gravel outwash varies from 
about 825 feet to 750 feet. Deane (1950) considered that the Main Algonquin shore 
line was at about 725 feet at a point Y2 mile north of the boundary of the map-area and 
did not (1950, p.79) consider an early high-level stage of Lake Algonquin. However, 
Dreimanis (1954) referred to a possible high shoreline of early Lake Algonquin at 
810 feet to 850 feet elevation.

No features which may have been shorelines of Lake Schomberg were seen by the 
author in the map-area. Previous writers have commented on the lack of shoreline 
features and concluded that Lake Schomberg was relatively short lived.

Kettleby Sand Plain

The Kettleby Sand Plain is an area of fairly flat topography at an elevation of 975 
feet to 1,025 feet in the northeastern part of the map-area. Here, the plain has an area 
of about \Y2 square miles, is crossed by Highway 400 at the Aurora Sideroad, and 
extends farther north beyond the map-area.

On the west, the plain is bounded by steep, eroded slopes and on the south by sandy 
terrain with rolling to hummocky topography. On the east, north-flowing streams have 
removed half of the original plain surface in the map-area, leaving only a fringe of 
deposits around what was its original extent. The surface remaining has fine sands and 
silts which are finer at depth. Sediments are up to 10 feet thick and overlie northern 
lower till, northern upper till, or finer grained sediments which may predate the last ice 
advance.

The body of water in which these sediments were deposited was probably ice-walled 
on the west. Higher ground to the south confined the waters against the interlobate sand 
and, perhaps stagnant ice masses. The hills on the east which are mostly northern lower 
till seem to have been the east shore. A fairly prominent valley from the east and 
another from the south indicate drainage from these directions. Gravel deposits, perhaps
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of deltaic origin, are associated with the valley from the east. The eroded remnants of 
the deposits extend north beyond the map-area for about l Vi miles. The village of 
Kettleby is in the main erosional valley.

Eversley Lake Plain

The Eversley Lake Plain is at the eastern edge of the map-area between Eversley and 
King City and has an area of about 2 square miles with a general elevation of 975 feet. 
It is irregularly bounded by hummocky and rolling topography on the north and west 
and by more gently rising land to the south. The fairly level surface also extends several 
miles to the east and northeast but narrows down to the east of Eversley from its maxi 
mum width of approximately 1V4 miles.

The southern boundary is the only one with a possible shoreline. In the north, high 
hummocky land, two large depressions filled with peat and swamp deposits, and a small 
lake form the boundary. Farther east, the floor of the plain has three large lakes, Wilcox1 
Lake, Bond Lake, and St. George Lake. The surface of the plain has several irregularities 
which are probably original irregularities of the surface which formed the lake bottom. 
The surface has been dissected by the modern East Humber River and its tributaries.

The material at the surface consists of silts, fine sands, and clay with local concen 
trations of sands. The fine-grained sediments commonly contain pebbles and grits and 
the appearance of the surface material is similar to the silty till on which the lacustrine 
beds have been deposited. Stratification is not always present and, particularly in the 
upper 3 feet, has probably been destroyed by soil-forming processes. The thickness of 
the sediments varies from less than 2 feet to as much as 5 feet.

The lake plain at Eversley and the sand and gravel outwash at Wilcox Lake are 
bounded on the north and south by hummocky topography and resemble a flat-bottomed 
valley which is broad at Eversley but narrows towards the east. The valley then turns 
north. Four miles east of the map-area, it forms a gap at elevation 975 feet across the 
north-south drainage divide. Taylor (1913b) considered this gap as the southern outlet 
for a river which flowed in front of the northern ice lobe in the earliest stages of 
deglaciation and which flowed farther west before crossing the divide again at Linton. 
Dreimanis (1954) considered the gap as an outlet for a small local lake predating his 
late Lake Schomberg stage. The author agrees in general with the concepts of both 
Taylor and Dreimanis as to the source of water in the Eversley-Wilcox Lake Basin, but 
considers that the slightly higher ground at the west end of the basin served as a dam 
impounding the incoming waters from the east.

ALLUVIAL TERRACES

In the Bolton area, alluvial terraces are numerous along the Main Humber River 
from Humber Summit to Bolton, along the East Humber River from Woodbridge to 
King Creek, and along the West Humber River from the southern edge of the map-area

!The Ontario Ministry of Natural Resources formerly used the spelling Wilcocks Lake but 
now uses Wilcox Lake both for the lake and for the nearby settlement. Taylor (1913b) refers 
to Willcock's Lake.
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upstream for about l mile to the confluence of the West Humber and several of its 
tributaries in concession VIII, Toronto Gore Township. There is also an extensive se 
quence of alluvial terraces along the Humber River upstream from Palgrave. There are 
some terraces along the Credit River near Cheltenham and also some eroded remnants 
at higher elevations. In the Schomberg River valley at Lloydtown, there are some terrace 
remnants but they will not be further considered.

Roberts (1963) reported on a study of the terraces of the Humber and East Humber 
Rivers between Woodbridge and Kleinburg and identified three stages of terrace levels 
in each valley. He related these levels to deltaic deposits and shoreline developments at 
three stages of lake levels in the Ontario Basin, with Lake Iroquois being the third and 
lowest. If Roberts had worked farther upstream, it is possible that other terrace levels 
would have been traced and correlated with higher level deltaic sands. Thus, it is possible 
that the terraces in the middle reach of the Humber and East Humber are related to 
changes in base-level in the Ontario Basin.

Between Palgrave and Bolton, the Humber flows in a narrow winding valley with a 
narrow flood plain and no trace of a terrace. However, upstream from Palgrave, the 
valley of the Humber is wide and shallow with a broad flood plain underlain in part 
with peat deposits and with extensive tracts of alluvial terraces. There are three distinct 
terrace levels on the south side of the valley, but the three smaller tracts of terrace levels 
on the north are at different elevations. It would, therefore, seem that these terraces are 
alternate terraces rather than paired terraces. For about Vi mile in Concession IV, Adjala 
Township, the Humber Valley narrows again where the valley walls are bedrock. Up 
stream from here, terraces are again present but only at one or possibly two levels.

To the author, the character of the Humber Valley upstream from Palgrave suggests 
that this reach of the river has not always been contiguous with the lower part of the 
present Humber. The terraces in the vicinity of Ballycroy suggest that they have been 
formed when this part of the river flowed into a large "stilling basin" in the vicinity of 
Palgrave which emptied probably to the north, past Palgrave Station and into what is 
now called Beeton Creek. Such a stilling basin may have held a body of water which 
could have been an antecedent of Lake Schomberg.

Thus the Ballycroy terraces were probably formed when there were changes in the 
base-level of the body of water into which the upper Humber flowed. Inasmuch as the 
Escarpment and the abundant gravels are so close to Ballycroy, it could also be that the 
downcutting by the Humber is more a reflection of changed upstream conditions than 
different base-levels.

In summary, the valley of the Humber River has three distinct segments in the 
Bolton map-area.

(1) From Woodbridge to Bolton, the Humber River flows in a deep, broad valley 
with two, three, or possibly four levels of alluvial terraces, many of which are paired 
according to Roberts (1963).

(2) From Bolton to Palgrave, the valley is narrow and winding with a narrow flood 
plain and no alluvial terraces.

(3) From Palgrave to the Escarpment, the valley is shallow and broad and flanked 
by up to three levels of alluvial terraces except where the river cuts across a bedrock 
high. Upstream from this gap, there is only one terrace level above the flood plain.

The East Humber has a similar segmented character. From Woodbridge to the 
Vaughan-King township line, there are three levels of alluvial terraces, of which some 
at least, according to Roberts (1963), are paired terraces. As in the Main Humber 
Valley, these terraces owe their origin to the different base-levels of the predecessors of 
Lake Peel and Lake Iroquois. From the township line to King Creek, the valley is wide
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and meandering with a broad flood plain containing the present meandering stream. For 
a distance of about 2 miles upstream from King Creek, there are several segments of 
alternate alluvial terraces, but beyond Laskay, the East Humber does not have any 
terraces.

The West Humber terraces extending up into Toronto Gore Township from the 
south are also probably the result of base-level changes in the Ontario Basin.

The few remaining fragments of alluvial terraces in the Credit River Valley seem to 
be related to the Caledon East Meltwater Channel when the upper reaches of the Credit 
River were draining and depositing sand and gravel into the large, shallow, basin-like 
depression near Inglewood. At that time, sands and silts were being deposited at eleva 
tions up to 900 feet both in the Inglewood Basin and along the channel of the Caledon 
East Meltwater Channel, as had also been done prior to the last ice advance. Sub 
sequently, the outlet to the south must have been rapidly deepened and the resultant 
downcutting removed most of the sediments deposited in the basin. Channels were then 
cut in the meltwater channel leaving some gravels still in the walls of the new channel. 
Two of the alluvial terraces are in the vicinity at Sligo, and a thin strip of alluvial sand 
is along the Canadian Pacific Railway line.

One of the major problems in mapping the alluvial terraces has been to know what 
materials are in the subsurface. Geological Map 2275 (back pocket) is essentially a 
map showing the distribution of various types of materials. The areas indicated as Older 
Alluvium are elevated terrace remnants underlain by what is probably a thin and vari 
able deposit of sand, silt, gravel, and organic material. The material currently deposited 
in the flood plain is considered Modern Alluvium. In the Main Humber and East Humber 
Valleys, the material beneath the Older Alluvium could vary from dense fine-grained till 
to well sorted gravel due to the fact that the present Main and East Humber Valleys 
have been developed along the sites of previous valleys with each valley presumably 
being infilled during each glacial advance and re-excavated following de-glaciation. The 
new valley does not always coincide with the former one, especially where there are 
meanders. As a result, the erosion in the modern valleys may uncover the valley fill of 
the former valleys or may show that the former valley had walls of till.

Further study of the alluvial terraces of the Bolton area could undoubtedly reveal 
more geological history as well as more knowledge of the economic aspects of the sand 
and gravel deposits.

Stratigraphy

In the Bolton area during Late Pleistocene time, there were two separate lobes of 
ice which had come from different directions. As a result, there are two different strati 
graphies.

One ice lobe from the northeast deposited material along the northern edge of the 
report-area. Although most of the exposures in the north show deposits from one or 
perhaps two glacial or proglacial events, one exposure contains deposits from at least 
three events. This latter exposure is northeast of the village of Kettleby and, although 
located just outside of the map-area, is referred to as "Northern Reference Section".

The other lobe, which came from Lake Ontario Basin to the southeast, covered most 
of the map-area during several ice advances. These glacial advances, together with the 
intervening periods, are recorded in numerous exposures in the southern part of the 
area but, as in the north, it is unusual for evidence of more than two events to be
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Photo 17-Woodbridge Cut, looking west, May 1963.

recorded in any one exposure. The major exception is the Woodbridge Cut where not 
only is evidence of the activity of the southern lobe recorded but where many other 
events, possibly back to Illinoian time, are also to be noted. The Woodbridge Cut is 
considered the "Southern Reference Section".

The Northern and Southern Reference Sections are both described below before the 
individual stratigraphic units are described and discussed.

SOUTHERN REFERENCE SECTION

The Woodbridge Cut was first examined by a geological party in September 1962, 
after it was exposed for the construction of the Canadian National Railways Toronto 
Bypass line. The cut was studied and sampled in the 1963, 1964, and 1965 field seasons 
and on subsequent occasions by the present writer, P.F. Karrow of the University of 
Waterloo, and their respective field assistants, as well as by numerous other interested 
persons (Dreimanis and Karrow 1965; White 1967; Churcher 1968; Karrow 1969). 
Many of the studies could not have been carried out had it not been for the co-operation 
of personnel of Canadian National Railways, especially Jack Cann, formerly Project 
Manager of the Toronto Bypass project.

The Woodbridge Cut (Photos 17, 18, and 19) was made through an area between 
two small tributaries of the Humber River for the diversion of one stream into the 
other. The resulting cut is approximately 480 feet long and up to 55 feet deep. Only 
40 feet to 50 feet of the cut was exposed because of the riprap at its base. A diagram 
matic sketch of the cut with its units is shown in Figure 4.
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Photo 18-Woodbridge Cut, western end, looking west. September 1965.

ODM8960

Photo 19-Woodbridge Cut, view of central part, looking north. Markers on slope indicate 
various units. September 1965.
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The Woodbridge Cut contains almost every known Pleistocene formation of the 
Toronto area as well as a thick sequence of peat layers and organic-rich sediments. The 
oldest unit in the cut is a brown to grey loam till believed to be the equivalent of the 
York Till of Illinoian Age which has been found in several localities in Toronto. This 
unit is seen at the eastern end of the cut where it is overlain by ± 15 feet of orange 
and brown sands and some gravel interbedded with lenses of the underlying till. Both 
these units are, in turn, overlain at their western end by a variably coloured material of 
unknown origin. The colour is generally dark brown to grey but may be green and blue. 
The material is noncalcareous and resembles a till or colluvial deposit.

Overlying all older deposits and extending from one end of the cut to the other is 
a sequence of well bedded silts with layers of sand, clay, and peat. The maximum thick 
ness of about 15 feet in the centre of the section thins out to less than 5 feet at each 
end. At the western end of the section, the sequence continues up into gravels and sands 
and more silts with peat. Palynologkal studies suggest these organic-rich sediments are 
related to the cold climate Scarborough Formation.

Overlying the organic-rich sediments at the west end and also possibly at the east 
end is a dark grey, pebble-free clay to silty clay loam till, believed to be the Sunnybrook 
Till. A thin lens of a much coarser material, a gravelly loam to sandy loam, overlies in 
part either the Sunnybrook Till or older deposits. This unit is believed to be the equiva 
lent of the Wentworth Till, which occurs in the subsurface 5 miles to the east and at 
the surface above the Escarpment in the southwestern part of the map-area.

Overlying all older units is a l O-foot layer of a grey silt loam till, which occurs over 
much of the map-area and is referred to as the Halton Till. A thin, variable band of 
stratified silts lies on top of part of the Halton Till and separates it from the overlying 
finer grained Wildfield Till. The Wildfield Till is from 10 feet to 12 feet thick and is 
overlain by what appears to be a thin (O to 2 feet) layer of lacustrine deposits of the 
Wildfield phase. The soil-forming processes have all but obliterated the evidence for the 
origin of this possible upper lacustrine unit.

The intertill sand, silt, and clay unit underlying the Halton Till is common in the 
map-area but is not present in the Woodbridge Cut. The otherwise widespread occur 
rence of this unit makes its absence at Woodbridge puzzling. In many exposures, the 
Halton Till is underlain by a thick (but variable) sequence of glaciofluvial or lacustrine 
sediments. In valley sections, the Halton Till also contains numerous beds and lenses of 
sands, silts, and ckys. However there is no evidence of stratified material either within 
or below the Halton Till at the Woodbridge Cut.

Whereas no other exposure reveals such a sequence of tills and other units, numerous 
exposures do contain at least two units of the main sequence. Sections of the two upper 
tills, with or without the separating silt band, commonly occur. The silt band is present 
to such an extent that it can almost be considered a marker bed.

Several exposures in the vicinity of the Woodbridge Cut show part of the upper 
part of the sequence. To the north of the Woodbridge Cut, the increase in thickness of 
a gravel member suggests a southwest-northeast buried valley in the drift. Drilling 
results, though generally unsuccessful, suggest that the York Till overlies gravels, but 
the presence of a high percentage of shale fragments in the till suggests a proximity of 
the York Till to bedrock. Wentworth Till and possibly Sunnybrook Till were seen in 
excavations for buildings and sewers on the campus of York University and samples 
were taken where possible. The ubiquitous Halton and Wildfield Tills were also seen. 
Other sections of interest occur where the West Humber River is crossed by Highway 
27 (Watt 1968) and in the bank of the West Humber River, a short distance down 
stream from the Claireville Dam. Both of these sites are just south of the map-area.
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ODM8961

Photo 20-General view of Northern Reference Section in Kettleby road-cut.

ODM8962
Photo 21-Early glacial Lake Schomberg sediments, Kettleby road-cut.
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NORTHERN REFERENCE SECTION

The Kettleby road-cut is the Northern Reference Section and lies just north of the 
map-area (Alliston National Topographic Series Sheet, 31D/4). It is located approxi 
mately lJ/2 miles northeast of the village of Kettleby in a deep cut at the edge of lot 
33 W/2, concession III, King Township.

In 1964, the cut revealed 39 vertical feet in stratigraphic sequence, made up of 16 
feet of the fine-grained northern upper till overlying 12 feet of rhythmites, which in 
turn overlie about 11 feet of the coarser grained, northern lower till (Photos 20 and 
21). A detailed description of the section is given in Table 1.

Other sections showing the northern upper till overlain by fine-grained lacustrine 
deposits are common in the area but sections showing two or more stratigraphic units 
from lower in the sequence are not numerous. A section in a gravel pit in Tecumseh 
Township, north of the report-area, appears to have northern lower till overlying gravels 
in which a mastodon tusk was found.

In lot 26, concession VIII, King Township (BN 1495 ) 1 , a small overgrown and 
slumped road-cut has a composite section of northern upper till overlying southern silt 
till which in turn overlies fine-grained rhythmites. The field identification of the two tills 
was later confirmed by carbonate analyses. The rhythmites have a carbonate content 
suggestive of a northern origin and tentatively they are considered as early Lake Schom- 
berg deposits. In lot 20, concession III, King Township (BN 614), composite sections 
from several small road-cuts indicate northern upper till over northern lower till, but at 
one of these cuts a thin layer of a different till-like material suggestive of the southern 
silt till is under the northern upper till. No other sections with northern and southern 
tills were seen but undoubtedly others exist. Subsurface investigations along the probable 
area of overlap should be encouraged in the future.

STRATIGRAPHIC UNITS

The various stratigraphic units in the map-area are grouped according to whether 
they are along the northern edge of the map-area or south of this northern edge. This 
latter part covers most of the map-area and is referred to as the "southern part." Only in 
a few locations are both northern and southern units found in the one exposure.

Laboratory Analyses

Field samples collected for subsequent laboratory investigation were subjected to 
grain-size analysis, determination of Atterberg Limits (liquid limit, plastic limit, and 
plasticity index), total carbonate content, and calcite:dolomite ratio. Not all samples 
were subject to all tests. The number of samples and the testing laboratories are given 
under the section "Present Investigation" in the "Introduction." Although tests were 
conducted in several laboratories similar procedures were used as indicated below.

iNumbers preceded by the letters "BN" here and elsewhere in the report refer to field 
station numbers.
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Table 1
NORTHERN REFERENCE SECTION — KETTLEBY ROAD-CUT 
MEASURED SECTION DETAILS (STATION BN 1461) KING TOWN 
SHIP, REVERSE CONCESSION III, LOT 33 W/2 (KEELE STREET)

Surface elevation: approximately 950 feet above sea level
O-

FEET

Brown SILTY CLAY LOAM TILL 
with some pebbles and a few grits. 
Breaks into blocky, angular fragments. 
Very hard when dry.

Textural analysis:

10

sand 3-8 percent 
silt 56-62 percent 
clay 30-41 percent

16-

20

(Photo 21)

Brown SILTY CLAY RHYTHMITES
Well stratified rhythmites, with couplets 
up to 2 inches thick—coarse layer may be 
stratified internally

Textural analysis: sand 1-2 percent 
(on combined sample) silt 54-58 percent 

clay 40-45 percent

28-

30
Brown LOAM TILL with numerous 

pebbles and boulders

Textural analysis: sand 28-29 percent 
silt 44-48 percent 
clay 23-27 percent

Grey

39-
SLUMP AND COVER 

TO ROADWAY x
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(1) Grain-size Analysis: All material larger than 2.0 mm was removed from the 
sample collected in the field. The material removed was weighed and, where applicable, 
the coarser than 2.0 mm fraction was expressed as a percentage of the whole sample.

The distribution of particle sizes in the smaller than 2.0 mm fraction was determined 
by sieving and hydrometer analysis in accordance with American Society for Testing and 
Materials (A.S.T.M.) Standard D-422 (Grain-Size Analysis of Soils).

(2) Atterberg Limits: Plastic limits were determined according to A.S.T.M Stand 
ard D-424 (Plastic Limit and Plasticity Index of Soils) and liquid limits according to 
A.S.T.M. Standard D-423 (Liquid Limit of Soils). The one-point method for the deter 
mination of the liquid limit was used for about 70 percent of all samples tested. The 
plasticity index represents the difference between the liquid limit and the plastic limit.

(3) Carbonate Analysis: Carbonate analyses were determined, generally, in accord 
ance with the procedures established by Dreimanis (1962 ).

(4) Activity Ratio: Where possible the activity ratio of the sample was calculated 
according to the method determined by Skempton (1953).

Textural Classifications

Textural classifications of the samples were determined according to the United 
States Department of Agriculture (U.S.D.A.) system. The classifications are based on 
the percentages of the various soil separates in the material finer than 2.0 mm. Where 
the material larger than 2.0 mm exceeded 10 percent of the whole sample, the adjective 
"gravelly" was added to the U.S.D.A. textural classification.

A summary of the various properties of the major till units in the area is presented 
in Table 3 (see end of section on Stratigraphic Units).

Southern Units

York Till

The lowermost material in the Woodbridge Cut was described in the field as a "very 
dense, very gritty, brown to dark grey sandy till". The upper part of the material is 
interbedded with sands and gravels which are more plentiful as the section is ascended. 
This upper part is brown as is the material several inches back from joint planes which 
are common throughout the mass.

About 750 feet east of the cut, similar material is exposed in a newly cut channel 
of a small stream. Material with a similar description was noted towards the bottom of 
one of the exploratory bore holes put down to the north of the cut. Here the dense, grey 
till is underlain by what seemed to be a gravel deposit.

Watt (1968) reported material of similar description in the banks of the West 
Humber River at Highway 27, about V/i miles south of the map-area, as well as at the 
southern part of Etobicoke Township near Lake Ontario. Watt considered this material 
to be Illinoian in age. A very dense, grey till with a high content of shale is on bedrock 
in several places at the Claireville Dam about Vi mile south of the map-area.

At the Woodbridge Cut, a maximum thickness of 8 feet of this till is exposed with 
an additional 15 feet of interbedded till and sand and gravel overlying the massive till
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U S D A 
Soil separates
Sand 2.0 to 0.05 mm diameter. 
Silt 0.05 to 0.002 mm diameter. 
Clay smaller than 0.002 mm diameter.

Wentworth Till at:
Caledon *

The Grange o
Horseshoe Bend A

Sleswick *
Woodbridge Cut -f-
York University -fr

Sunnybrook Till m
York Till a

PERCENT SAND

Figure 5-Texture classification of miscellaneous till units of the Bolton area.

Watt (1968) reported thicknesses between l foot and 4 feet in Etobicoke Township 
and a1 thickness of 2 feet in North York Township (Watts 1955 ).

Textural analyses of three samples from Woodbridge shows the material to be a 
loam (Figure 5). The results of the analyses are as follows:

Material Percent 
sand 35-41 
silt 37-43 
cky 18-23

Two of the above three samples have liquid limits of 18, plasticity indexes of 5, 
and activities of 0.23 and 0.28. One sample has a total carbonate content of 21 percent 
and a calcite:dolomite ratio of 2:1.

J. Terasmae (I960) gave the name York Till to a till which underlies the Toronto 
interglacial sediments in the Toronto area and which is presumed to be of Illinoian Age. 
The lowermost unit in the Woodbridge Cut is believed to represent the same till on the 
evidence of its density, colour, boulder content, and stratigraphic position. The laboratory 
analyses of the several samples taken at Woodbridge agree with previously published 
work as summarized by Karrow (1969)-

The York Till is overlain by sand and gravel interbedded with lenses of the York 
Till. This sand-gravel-till complex is overlain in part by a sequence of multicoloured, 
noncalcareous sediments and both of these units are in turn overlain by the organic-rich 
sediments referred to as the Scarborough Formation.
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Multicoloured Noncalcareous Sediments

A mass of variegated, unsorted, fine-grained material partly overlies the York Till 
and the associated sand-gravel-till complex. Although resembling a till with unsorted 
material it does not convincingly seem to be a till. The material is a mottled, green, 
blue, and brown silty clay with pebbles and is almost completely noncalcareous. It is 
overlain by the organic-rich sediments and peat beds of the Scarborough Formation.

The textural character of the material suggests a colluvium or an accretion glei. The 
noncalcareous character suggests the material has been leached by acid-rich water per 
colating down from the overlying organic-rich beds. This material was not seen anywhere 
except in the Woodbridge Cut.

Organic-Rich Sediments and Peat Bands 

(Scarborough Formation)

Overlying the noncalcareous silty clay and the interbedded sand-gravel-till complex 
is a thick section of well stratified organic sediments consisting of clays to gravels inter 
bedded with layers of peat. The sediments are progressively coarser from the bottom up 
with 31 percent sand, 38 percent silt, 31 percent clay at 7 feet below the top of the unit, 
and 67 percent sand, 22 percent silt, 11 percent clay at l foot below the top of the unit.

In the Woodbridge Cut, the sediments are exposed in part for the full width of the 
cut. At the west end of the cut, the upper part of the unit consists of l foot to 3 feet 
of orange gravels and sand overlain by 12 inches to 18 inches of organic, stratified silts. 
The greatest vertical thickness exposed in the cut is about 15 feet to 16 feet but a 
maximum thickness of at least 20 feet is possible. The sediments vary in colour from 
brown, buff, and grey to greenish grey with the green predominating in the upper half. 
The peat layers are in zones but with a greater concentration towards the lower part of 
the unit. The sediments are overlain in the cut by one of several tills: at the west end 
by a dark grey fine-grained till (Sunnybrook Till), in the central part by a light grey, 
bouldery, sandy till (Wentworth? Till), and at the east end by a grey silt loam till 
(HaltonTill).

The upper part of the sediments also occur to the south of the Woodbridge Cut in 
an area which had been used as a borrow pit for the railway embankment fill and were 
encountered in bore holes put down approximately 1/4 mile northwest of the cut.

Many samples of the sediments have been taken from the cut: some for radiocarbon 
dating and others for pollen analysis and identification of flora remains. Some of the 
radiocarbon results obtained are as follows:

(l) From near base of unit
Sample GSC —203 > 49,700 yrs. B.P.

(Dyck, Fyles, and Blake 1965)
(2 ) From near top of unit

Sample GSC —729 > 49,000 yrs. B.P.
(Lowdon, Robertson, and Blake 1971)

Three specimens of wood collected from the upper part of the formation have been 
identified as spruce and Terasmae (Karrow 1969, p.ll) considered the pollen assem 
blage as being typical of a cool climate vegetation and similar to typical Scarborough 
assemblages elsewhere (Karrow 1969).
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Mosses are particularly well preserved in the peat layers and have been identified 
by H. Crum (Karrow 1969, p-H) of the National Museum, Ottawa as follows:

Bryum sp. (probably B. pseudotriquetrum)
Brachythecium sp.
Campylium sp.
Calliergon sp. (probably C turgescem)
Meesea sp. (probably M. luginosa)
Ditrichum sp. (probably D. ftexicaule)
Tortula sp. (probably T. ruralis)
Although the Woodbridge Cut sediments are at an elevation 100 feet higher than 

the Scarborough Formation in the Scarborough Bluffs and Toronto sections, Karrow 
(1969) considered the Woodbridge sediments to be of the same age as those farther 
east. He considers the sediments to have been deposited in a deltaic environment at a 
time when the climate was a little cooler than at present. Although no finite dates have 
been obtained for the Scarborough Formation, a date of 70,000 years B.P. is assumed 
thus giving an age of Early Wisconsinan to the formation.

Several writers have noted channels in the upper surface of the Scarborough Forma 
tion (Coleman 1932; Karrow 1967). These channels are commonly filled with till 
rather than stream sediments. The shape of the upper surface of the Scarborough 
Formation at Woodbridge suggests that a similar channel is in this vicinity. Although 
the channel at Woodbridge is not as deep as those at the Bluffs, it seems to be filled 
with Sunnybrook Till rather than stream deposits.

Sunnybrook Till

At the western end of the Woodbridge Cut, a pebble-free, unstratified, dark grey, 
fine-grained material overlies the gravels associated with the organic sediments of the 
Scarborough Formation and it is in turn overkin by two till-like deposits of contrasting 
textural composition. The same dark grey material is in the eroded floor of the borrow 
pit to the south of the Woodbridge Cut and in the deep excavations on the York 
University Campus (BN 186X). In the borrow pit area, the material is overlain in 
part by gravels and organic sediments deposited in what seems to be a shallow channel 
in the upper surface of the dark grey material. It was these gravels which contained the 
mammoth tooth described by C.S. Churcher (1968). Similar dark grey material is in 
bore holes *4 mile northwest of the Woodbridge Cut.

The material noted above has an appearance much like the material designated 
Sunnybrook Till by Terasmae (I960) and which occurs throughout the Toronto area and 
especially in the Scarborough Bluffs (Karrow 1967).

Textural analyses on five samples from the Woodbridge Cut and the York Uni 
versity Campus gave size ranges as follows:

Material Percent 
sand 8-20 
silt 34-59 
clay 28-57

These figures put the material in the textural classes of clay, silty clay, and silty clay 
loam (Figure 4). Four of the samples have clay contents between 28 percent and 44 
percent, but the unusually high 57 percent clay sample also has the lowest calcite dolo 
mite ratio of 1.4:1 in contrast with the other samples with ratios of 2:1, 3.5:1, and 6:1. 
Total carbonate content on four samples is between 12 percent and 25 percent.
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The colour and general appearance of the material and the high clay content are 
suggestive of Terasmae's (I960) Sunnybrook Till and it is with that unit that the dark 
grey pebble-free material of the Woodbridge Cut is correlated. The stratigraphic rela 
tionship of the unit at Woodbridge conforms with the stratigraphic relations elsewhere. 

The general characteristics of the Sunnybrook Till according to Karrow (1969) and 
determined from exposures east of Toronto show that the calcite:dolomite ratio is 
usually between 1:1 and 2:1, rather than the high ratios obtained from samples west 
of Toronto. Although the number of samples taken in the west is fairly low, it seems 
that the Sunnybrook Till has some regional variation.

Liquid limits determined on four samples range from 30 to 46, plasticity indexes 
from 13 to 23, and activities between 0.45 and 0.55.

Pebbles are generally scarce in the Sunnybrook Till and especially in the exposure 
in the Woodbridge Cut. However, a pebble count on one sample collected at the cut 
is as follows:

Rock Type Percent
limestone 44
dolostone 25
shale O
siltstone 7
sandstone 13
igneous and metamorphic 11

The Sunnybrook Till is considered Early Wisconsinan Age (Karrow 1967), but 
no firm evidence for this is available as yet. In the Toronto-Scarborough area, Karrow 
(1967) showed that the Sunnybrook Till is overlain by a variety of stratified sediments 
which he referred to as the Thorncliffe Formation. Similar sediments are not in the 
Woodbridge Cut, but in the borow pit to the south the Sunnybrook Till is overlain by a 
thin deposit of small areal extent of gravel, organic silt, and peat. These organic-rich 
sediments appear to be associated with small channels in the upper surface of the Sunny 
brook. The peat bands are composed mostly of mosses but are commonly associated with 
numerous small fragments of wood. In one channel, a large part of a molar of a woolly 
mammoth was found (Churcher 1968). Karrow (1969) reported a variety of unidenti 
fied pupillid land snails. The peats were first dated (Lowdon, Robertson, and Blake 
1971) at 41,000 years after a three-day count (GSC — 629), but a later run with a 
five-day count gave a finite date of 40,200 ± 480 years B.P. (GSC — 629-2). A further 
determination on another sample gave 45,000 ± 900 years B.P. (GSC—1181).

A palynological analysis of the peat (GSC Palynological Report 67-6, J. Terasmae, 
June 21st 1967 on Samples BN11—M l T, M 2 T, and M 3 T) showed very few 
pollen grains in the abundant plant detritus, but the pollen types which were identified, 
Picea (spruce), Pinus (jack pine), Cyperaceae, Onagraceae, fern spores, moss spores, 
and fungus spores indicate a cold climate environment.

Sediments similar to those of Karrow's Thorncliffe Formation were not seen either 
at the surface or in subsurface bore holes anywhere else in the report-area.

Wentworth Till

Wentworth Till occurs in three areas along the western edge of the map-area. This 
till was not found at the surface anywhere else in the area, but in the southeastern part 
similar material seen in two deep excavations may be Wentworth Till.
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Wentworth Till and the Paris Moraine which is mostly Wentworth Till are traced 
from the Guelph area (Karrow 1968) to the vicinity of The Grange in the Bolton 
map-area. On the north side of the Credit River, the moraine ridge from Credit Forks 
to Sleswick is considered not only as part of the Paris Moraine, but also to consist mostly 
of Wentworth Till together with a considerable amount of stratified sand and gravel. 
The third area mapped as Wentworth Till is in front of the Paris Moraine and extends 
beyond the Western edge of the map-area to the northern tip of the Guelph drumlin 
field.

In the southeast, probable Wentworth Till was encountered in the Woodbridge Cut 
and on the campus of York University in lot 24, concession IV W, North York Town 
ship.

The till in the three areas on the western edge has a sandy loam to loam matrix 
(Figure 5) with a high gravel and (or) boulder content. The till above the Escarpment 
has the highest (20 percent to 30 percent) gravel and boulder content. Of the eight 
samples on which Atterberg Limits were determined, six were found to be non-plastic 
with liquid limits from 13 to 19, and two had low plasticity indexes (3) and low 
activity ratios (0.21 and 0.27).

Samples from the till in the Paris Moraine from Credit Forks to Sleswick have total 
carbonate contents of 26 percent and 34 percent and calcite:dolomite ratios of 3:1 and 
8:1. In contrast, the till above the Escarpment has more dolostone and the total car 
bonate content is 50 percent to 54 percent with very low calcjte: dolomite ratios of 0.1 
to 0.3:1. The till above the Escarpment near Caledon also provides a colour contrast 
with its deep red as compared with the oxidation browns of the other two areas.

Although no contacts were seen, the till in the two areas on top of the Escarpment 
are presumed to directly overlie the bedrock surface. The till in the moraine ridge is 
mixed with ice contact stratified deposits, probably both older and younger in age. 
No lower contact was seen.

The red till is at the surface, but there may be some to the northeast beneath the 
Singhampton Moraine and possibly also beneath the meltwater channel deposits south 
of Caledon. The till in The Grange area probably underlies the meltwater channel 
deposits along the northern edge of the till and is possibly overlain by the younger 
Halton Till at the edge of the Escarpment, west of Inglewood. The Wentworth Till 
is probably overlain by younger ice contact sediments along both sides of the moraine 
ridge.

The drumlins south of The Grange are formed from Wentworth Till. The two frag 
ments of the Paris Moraine mentioned above are predominantly Wentworth Till. Small 
areas of less hummocky terrain lie behind the moraine ridges and may possibly be 
small areas of till plain. The drumlins north of Caledon are formed from the red 
Wentworth Till.

In the southeastern part of the map-area, probable Wentworth Till was found in 
two excavations. At the Woodbridge Cut, a thin, ± 2 feet, lens of a bouldery, sandy 
till extends for over 200 feet in the face of the cut. Similar material was also found in 
the borrow pit to the south. At York University, the grey, bouldery, sandy till in the 
lower 6 feet of the excavation for the Natural Science Library building is probably 
Wentworth Till. Nowhere is the till more than 10 feet in thickness although it must 
be very close to this figure at York University.

Textural analyses of possible Wentworth Till from the Woodbridge Cut and York 
University Campus indicate the following:
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Material Percent
sand 46 - 54
silt 30-39
clay 7 - 20

Gravel-size particles comprised 13 percent to 20 percent of the bulk sample (3 samples). 
Atterberg tests indicate liquid limits of 14 and 17 from two samples and plasticity 

indexes of 4 and 0. The one activity ratio calculated gave 0.25. 
A pebble count at the Woodbridge Cut is as follows:

Rock Type Percent
limestone 53
dolostone O
shale O
siltstone 34
sandstone l
igneous and metamorphic 12

The orientation of the pebbles was determined both at the Woodbridge Cut and 
York University. At the Woodbridge Cut, there is a random orientation but at York 
University a very strong north-south orientation is evident. One carbonate analysis on 
material from the Woodbridge Cut gave a total carbonate content of 17 percent and a 
calcite: dolomite ratio of 2:1.

The bouldery sandy till lens in the Woodbridge Cut overlies either the Sunnybrook 
Till or organic sediments of the Scarborough Formation. The sandy till is itself overlain 
by finer grained Halton Till. At the York University site, the bouldery, sandy till was 
at the bottom of the excavations and the underlying unit was not seen. The overlying 
material was, again, the Halton Till.

A till, similar in appearance and texture to the sandy till in the Woodbridge Cut 
and at York University, is reported in Thornhill (Karrow 1970), in North York as 
Watt's "middle" till (Watt 1955), and Etobicoke (Watt 1968). The "middle" till of 
Dreimanis and Terasmae (1958) is also possibly part of the same till sheet.

The sandy till described here is considered to be the correlative of Wentworth Till, 
first identified by Karrow (1963) in the Hamilton and Galt areas, and traced to the 
north through the Guelph area (Karrow 1968) to the edge of the Bolton area. From 
this latter position, the author traced the Wentworth Till farther to the northeast into 
the Bolton area where it is at the surface along the western edge. That the coarse bouldery 
till in the Woodbridge Cut is the correlative of the continuously traced Wentworth Till 
along the western edge of the map-area is suggested by the general coarseness of the 
till in both locations. All material considered as Wentworth Till has a sandy loam to 
loam matrix (Figure 5) and is generally bouldery. The material on top of the Niagara 
Cuesta as well as that around the Escarpment is virtually non-plastic with low liquid 
limits. The same applies to the sand till in the southeastern part of the area. Other 
lithologic features such as content and pebble lithology cannot be related because of 
the "contamination" effect of the dolostone in the Escarpment face.

The stratigraphic position of the sandy till in the Woodbridge Cut and the York 
University Campus, i.e., underlying the finer grained Halton Till is not in disagreement 
with the rektionship of the Wentworth Till and the Halton Till at the surface.

There are, however, some difficulties involved in considering the "middle" till of 
the Toronto area as Wentworth Till. Dreimanis and Terasmae (1958) considered the 
"middle" till as having a northern origin based on lithologic studies in the Toronto 
area. The till does not seem to be present in the eastern end of Toronto but is common
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in the northern and western parts. Karrow (1970) considered that some of the relation 
ships of the sandy till and the overlying finer grained till in the Thornhill area support 
the concept of a northern origin for this till. If a northern origin is acceptable for this 
sandy till then it probably would be difficult to correlate the sand till of the Wood- 
bridge Cut with the Wentworth Till in the vicinity of the Escarpment.

Another problem of both correlation and identification is the fact that nowhere 
behind the Paris Moraine is the Wentworth Till found overlain by the Halton Till 
so that only in the east is the stratigraphic relationship of Halton Till over Went 
worth (?) Till actually seen. This suggests the possibility that the Halton Till and the 
Wentworth Till were deposited by the same ice advance such that coarse-grained 
Wentworth Till was deposited at the outer extremities of the advance of the ice and 
almost exclusively at the edge of or on top of the Escarpment, and the finer grained 
Halton Till was deposited on the slopes and plains below the Escarpment. A similar 
relationship between the Wentworth and Halton Tills was mapped by Karrow (1963) 
where, in the Hamilton area, very little Halton Till is on top of the Escarpment and 
no Wentworth is below the edge of the Escarpment.

Whereas this writer considers that the sandy till in the Woodbridge Cut and vicinity 
is Wentworth Till and can be correlated with the "middle till" of several authors and 
with the Wentworth Till in and about the Paris Moraine, much has still to be learned 
about the relationship between the sandy till and Wentworth Till.

The correlation of the red, sandy till near Caledon with the Wentworth Till also 
presents difficulties. The texture of the red till is similar to that of the Wentworth Till 
in The Grange area, but because of the "contamination" effect of the Escarpment, other 
checks are difficult to apply. Nevertheless the orientation of the drumlins clearly indicates 
that the red till was deposited by ice which moved out of the Ontario Basin.

The overriding of the red till by the advance of the northern ice which deposited 
the Singhampton Moraine (Port Huron System) suggests that the overridden, red till 
is possibly Gary or Tazewell in age rather than early Mankato which would be the 
case if deposited by the ice advance responsible for the construction of the Port Huron 
morainic system. There are no other deposits of known Gary or Tazewell age in the 
Bolton area and investigations will have to be extended to the southwest in order to 
resolve this problem.

In the Galt and Guelph areas to the southwest, Wentworth Till is mapped in front 
of, as well as behind, the Paris Moraine (Karrow 1963; 1968) but studies extended 
into the Stratford and Conestogo areas in 1968 and 1969 have indicated the possibility 
of a re-evaluation of the age relationships of the various materials (P.P. Karrow, 
personal communication).

Intertill Sands, Silts, Clays, and Gravels

In the map-area, there are many fluvial and lacustrine sediments overlain by the 
Halton Till. In several locations, particularly along the valley of the Humber River, 
the sediments are between the beds of the same till, but for the most part the material 
underlying the sediments is not seen. No sediments were seen overlying Wentworth Till. 
Thus, it is assumed that the sediments are older than the Halton Till or at least older 
than the upper part of the Halton Till. Since the Halton Till directly overlies the 
Wentworth Till in the Woodbridge Cut, it is further assumed that the sediments which 
underlie the Halton Till are younger than the Wentworth Till.
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These sediments have such wide and variable distribution that the author considers 
them as one formation with multiple facies, much in the way that Wayne (1963) 
defined the Atherton Formation in Indiana. Because of the extensive exposures of sand 
and gravel near the village of Maple, Vaughan Township and the probable relationship 
between these sediments and the sediments exposed along the Main Humber and East 
Humber Valleys, the "Maple Formation" is considered a suitable name for these sedi 
ments. However, further study both within and without the map-area should be made 
before a formal name is proposed.

The sediments which the author would include under the above heading are:
(1) Sediments exposed as "windows" through the younger Halton Till (mostly 

sand and gravel).
(2) Sediments exposed in road-cuts, etc., beneath younger till (mostly fine sands 

and silt).
(3) Sediments exposed in the walls of stream valleys (mostly sand, silt and clay, 

and some gravel, including several locations of economic concentration).
(4) Sediments of mostly sand and silt and some gravel deposited beyond the limits 

of Halton Till and mixed with sediments of similar origin from the northern ice lobe 
and with younger sediments from both the northern and southern lobes, i.e., sands and 
other glaciofluvial sediments in northern Albion Township and in Adjala and King 
Townships.

(5) Deposits in the Sleswick-Caledon and Caledon East-Inglewood meltwater 
channels associated with the southern ice. The Sleswick-Caledon channel gravel and 
sand deposits are probably the oldest in this group of intertill sediments. The deposits 
of the Caledon East-Inglewood channel are probably the youngest sediments in the 
group. Their inclusion here is largely a matter of convenience.

Materials included in the above items (1) to (4) are shown as "ice contact stratified 
drift" as Map Unit 5 and materials in item (5) are shown as Map Units 6 or 7 on 
Geological Map 2275 (back pocket).

Although the grain size and, presumably, the environment of deposition, vary from 
the northern part of the map-area where coarse-grained sediments predominate to the 
southern part where finer grained sediments are more prevalent, much more study needs 
to be undertaken if the distribution and relationships of these sediments are to be 
fully understood.

Both large and small sand and gravel pits are located in the sediments listed above, 
i.e., along the Main and East Branches of the Humber River, "window" deposits near 
Maple, in the "ice contact stratified drift" of Albion and Caledon Townships, and in 
the two meltwater channel deposits near Caledon and Inglewood.

Some intertill sediments are in valleys cut into older drift. These valleys and their 
fills were buried during later ice advances and where the routes of such buried valleys 
coincide with the modern valleys, the older valley deposits are exposed in the walls of 
the present valleys.

Halton Till

The loam to silt loam Halton Till covers approximately two-thirds of the map-area 
and is either exposed at the surface or is covered by a variably thin veneer of a younger 
and finer grained till and (or) lacustrine deposits. The Halton Till is grey and weathers 
to a yellowish or reddish brown in the oxidized zone. A till with a similar texture,
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Photo 22-Halton Till 
overlying glacio 
fluvial sands, Maple 
Road, Richmond 
Hill. Concession III, 
Vaughan Township.

ODM8962

the Halton Till of Karrow (1963), occurs 25 miles to 30 miles to the south and extends 
from Halton County to the western half of the Bolton area. Hence, the loam to silt loam 
till in the Bolton area is designated Halton Till.

In the Bolton area, the Halton Till extends south and east beyond the present map- 
area. The till is probably continuous under the veneer of Wildfield Till and Lacustrine- 
Till Complex in Toronto Gore and Vaughan Townships. The Halton Till is considered, 
generally, to be between 10 feet and 20 feet thick. However, it is found thinner than 
this (Photo 22) and also much thicker. The thickness probably exceeds 50 feet in the 
Palgrave Moraine west of Mt. Wolfe, and over 100 feet in King Township to the 
east of Mt. Wolfe.

The Halton Till occurs in several types of landforms in the area. Not only does it 
form the surface of a gently rolling till plain but also is the dominant type of material 
in sections of the Palgrave Moraine. The till is apparently too fine grained to form 
drumlins.
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U S D A 
Soil separates
Sand 2.0 to 0.05 mm diameter. 
Silt 0.05 to 0.002 mm diameter. 
Clay smaller than 0.002 mm diameter.
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Figure 6-Texture classification of Halton Till.

The ice which deposited the Halton Till seems to have been subjected to a variety 
of environmental conditions at its outer edges with the result that the Halton Till 
occurs in several forms at the outer limit of the till sheet. In the southwestern part of 
the area, the till is present as a thin strip along the edge and over the lower slopes 
of the Escarpment. Generally the Halton Till is separated from the older Wentworth 
Till, but it may overlap for a short distance. Then, for about 7 miles to 8 miles in 
Caledon and Albion Townships, the Halton ice seems to have deposited little till at 
the limit of its advance. The limit in these townships is marked by ice block depressions 
and an isolated mass of till surrounded by younger deposits of well stratified sands and 
silts. From the Caledon-Albion township line northeastward and then eastward, the 
limit of the Halton ice is marked by a Halton Till moraine which varies in ruggedness. 
Part of the Halton Till in King Township has been overridden by younger rill from 
the north or northeast.

The lower contact of the Halton Till is the Wentworth Till or the intertill sands 
described above, whereas the upper surface is for the most part exposed at the ground 
surface. A large area in the vicinity of the Humber River and its various branches is 
overlain by Wildfield Till or associated lacustrine deposits. Other small areas of deltaic 
sands are also present. Most undrained depressions on the upper surface of the till have 
appreciable deposits of peat, muck, and marl. The northern upper till overlaps the outer 
edge of the Halton Till in King Township.

Numerous samples were collected in the southeastern quarter of the map-area and 
a considerable number of these were tested for various properties.

Most samples (Figure 6) have a silt loam to loam texture and values obtained 
from 96 samples are as follows:
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Material Percent 
sand 10 - 55 
silt 34-70 
clay 7-46

The gravel content of the bulk sample was generally less than 12 percent and very few 
samples warrant the prefix "gravelly" which denotes more than 10 percent gravel. 
Local variations in texture were generally related to the field to local materials which 
had been overridden and incorporated into the till.

Results from tests on 76 samples are liquid limit 15 to 41 and plasticity index NP 
to 21. Activity values were generally between 0.22 and 0.53 and therefore the till is 
classified as an "inactive" clay according to A.W. Skempton (1953). 

Carbonate analyses from 43 samples gave the following results:
total carbonate 14 - 36 percent 
calcite: dolomite ratio 1:11

With the Halton Till covering a considerable part of the map-area, variations 
in the lithology of the pebbles in the till can be expected. The black shale frag 
ments decrease significantly from the southeastern part to the centre of the map-area. 
The reverse holds with siltstone fragments which increase significantly in the same 
direction. These changes coincide with appropriate changes in bedrock lithology.

Typical pebble counts taken at four localities in the southeastern part of the map-area 
are as follows:

Rock Type Percent 
Black River and Trenton Limestone 57-71 
Brown Dundas siltstone 5-13 
Dolostone O - 9 
White Potsdam Sandstone O- 2 
Black shale 5-18 
Precambrian igneous and metamorphic rocks 8-16

The ratio between the limestone and siltstone is between 4.5:1 and 12:1 at the 
above-mentioned four localities but the ratio decreases and tends to becomes l: l toward 
the centre of the map-area.

Although the Halton Till contains pebbles in sufficient quantity to undertake a 
fabric analysis, the size and shape of the pebbles are not always suitable. However, two 
fabric analysis of material in a new railroad cut in lot l E/2, concession IV, Vaughan 
Township gave the following results:

Major direction of orientation (a) N65W and (b) N40W. Measurement (a) was 
made about 8 feet below ground surface in brown oxidized Halton Till and 
measurement (b) was made 6 feet below (a) at 14 feet below ground surface in 
grey unoxidized Halton Till.
Samples taken at both fabric sites are classified as loam, with sample (a) having 

11 percent gravel in the bulk sample compared with 5 percent gravel for sample (b).
The widespread surface till of the Bolton area with a silt loam to loam texture has 

been correlated with the Halton Till described and defined in the Hamilton area by 
Karrow (1963). A traverse across the area between the Hamilton and Bolton areas 
indicates that Halton Till is probably continuous. This is substantiated by the continuity 
in the airphoto pattern in the two areas.

The youngest till in the Toronto-Scarborough area was originally designated the 
Leaside Till by Terasmae (I960) and later redefined by Karrow (1967). Karrow
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Photo 23-Conglomeratic 
and variegated 
block sample of 
Wildfield Till.

ODM8963

(1970) considered the Leaside Till to extend westward to the Thornhill area, adjacent 
to the Bolton area. Thus the Halton Till is probably the equivalent of the Leaside Till. 
The former name is preferred and is used here to avoid the name Leaside Till, about 
which there is some confusion.

The Halton Till seems to be the "upper till" mapped by Watt (1955) in North 
York Township but from the descriptions of units given in his report on Etobicoke 
Township (Watt 1968), it would appear that the "middle till" is the equivalent of 
the Halton Till, and that the "upper till" in Etobicoke is the equivalent of the Wild 
field Till.

Wildfield T i H

The youngest till in the southern part of the map-area is here defined as Wildfield 
Till, a dark grey, fine-grained till having a matrix with a texture ranging from a day 
loam through a silty clay loam and silty clay to clay. The till lacks any appreciable 
content of pebbles. Most particles larger than 2 mm in diameter are fine gravel size.
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These small gravels together with light coloured silt balls give a conglomeratic appear 
ance. The till may also contain zones, generally of stratified or varved material 
(Photo 23).

The Wildfield Till is centred along the West Humber River. The till covers all of 
Toronto Gore Township, part of North York, Etobicoke, Vaughan, and Albion Town 
ships, and extends into Chinguacousy Township. Its eastern and northeastern limits are 
marked approximately by the Humber and the East Humber Rivers; the northwestern 
limit approximately by the Gooseville Moraine along a line south of Bolton, Macville, 
and Sandhill; and the southwestern limit approximately by concessions V E and VI E, 
Chinguacousy Township. The thickness of the unit varies from 12 feet in the Wood- 
bridge Cut to the more usual 2 feet to 6 feet over much of the area of its occurrence. 
In the Gooseville Moraine and along the river valleys, it is 8 feet to 15 feet thick.

Although the Wildfield Till covers a considerable part of the map-area, it is exposed 
at the surface for only about 20 square miles. For the other 80 to 100 square miles 
over which it occurs, it is covered by a discontinuous veneer of a complex of lacustrine- 
till deposits. In the area where the Wildfield Till is exposed at the surface, it has a 
gently undulating surface of a till plain but to the northwest, it is more irregular in 
the Gooseville Moraine. The till plain surface has few undrained depressions, but the 
surface drainage of the morainal area is not as well developed and there are more 
undrained depressions. To the southeast, the change in surface form is barely noticeable 
as the deposits of the lacustrine-till complex have only slightly modified the surface.

The eastern and northeastern edges of the Wildfield Till are overlapped by younger 
deposits of deltaic and lacustrine origin which were deposited in water impounded in 
front of the waning ice. The northern and northwestern edge of the till sheet is approxi 
mately marked by the Gooseville Moraine but in some places the Wildfield Till extends 
beyond the moraine. The southwestern edge of the till sheet is overlapped by the 
younger lacustrine deposits.

The Wildfield Till overlies the Halton Till, but in many exposures the two tills are 
separated by 6 inches to 12 inches of stratified silts. This silt layer occurs over a wide 
area and its ubiquitous occurrence serves as a useful marker bed. The upper limit of 
the Wildfield Till is less definite and where the unit is overlain by younger deposits 
of the lacustrine-till complex, the change is usually transitional from Wildfield Till to 
the stratified silts and clays of the Lacustrine-Wildfield Till Complex.

Textural analyses of 26 samples gave the following results:
Material Percent 

sand (though most samples had less than 23 percent) 6-34 
silt 26-55 
clay 23 - 64

Particles larger than 2 mm range from O to 7 percent of the whole sample. The samples 
are classified as clay loam, silty clay loam, silty clay, or clay (Figure 7). The liquid 
limit determined on 23 samples ranges from 31 to 48 and the plasticity index from 
11 to 24 giving activity numbers between 0.35 and 0.60. Total carbonate content deter 
mined on nine samples ranges from 23 percent to 35 percent and the calcite: dolomite 
ratio ranges from 2: l to 8:1.

Pebbles in the Wildfield Till are neither numerous nor very large but an analysis 
of the lithology of the pebbles taken at the Woodbridge Cut gave the following figures:
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Soil separates
Sand2.0 to 0.05 mm diameter. 
Silt O. OS to 0.002 mm diameter. 
Clay smaller than 0.002 mm diameter.
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Figure 7-Texture classification of Wildfield units.

Rock Type
limestone
dolostone
shale
siltstone
Precambrian rock

Percent
49

4
10
27
10

Black shale pebbles are common in the till in the southern part of Toronto Gore Town 
ship. Fabric analyses done in two locations gave inconclusive results. At lot 6, concession 
VIII, Toronto Gore Township, the major orientation of pebbles is between 10 degrees 
and 40 degrees west of north but l Vi miles to the northwest in lot 9, concession VIII, 
Toronto Gore Township, the major orientation is 40 degrees east of north, with another 
strong grouping of pebbles oriented at 50 degrees west of north.

The Wildfield Till is defined here for the first time. No type section has been 
selected because most sections do not remain exposed intact for long enough periods of 
time. At the time of the field work, there were good exposures at the Woodbridge Cut 
and at several locations in Toronto Gore and Albion Townships, especially in the 
vicinity of the small settlement of Wildfield after which the unit is named. In addition 
to the Woodbridge Cut, there were good exposures at the time of the field work in 
the following places:

(1) Road-cut, 7th Line Road at lot 9, Toronto Gore Township (Photo 24).
(2) Road-cut, 10th Line Road at lot 14, Toronto Gore Township.
(3) Valley wall section, east bank, lot 17, concession VI, Chinguacousy Township. 
This youngest till was first reported by Dreimanis and Karrow (1965). At this time, 

the till was believed to represent the predominantly till facies or phase of the Lacustrine-
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Photo 24-Wildfield Till in road-cut along 7th Line Road, Toronto Gore Township. Note 
moist silt band between Wildfield Till and the underlying Halton Till.

Wildfield Till Complex (White 1967; 1968) but it is now believed to represent a 
significant local re-advance of ice. Therefore the till sheet should be considered a unit 
distinct from the younger lacustrine-till complex which overlies it.

The Wildfield Till as described here is believed to be the same as the "upper till" 
identified by Watt (1968) in Etobicoke Township. Watt considered his "upper till" of 
Etobicoke to be the same as his "upper till" of North York (Watt 1968, p. 14) but 
this view is not held by this author. It may be noted that although the Wildfield Till 
covers the part of Etobicoke Township in the Bolton map-area, the same till sheet does 
not extend very far east into North York Township.

Deposits of Glacial Lake Peel 

(Lacustrine-Wildfield Jill Complex)

A discontinuous veneer of fine-grained stratified and non-stratified deposits overlies 
the Wildfield and Halton Tills. The deposits are commonly 2 feet or 3 feet thick but 
may be 10 feet thick in places which were apparently depressions in the original 
surface of deposition. The deposits are restricted mostly to the southern part of the 
east half of the Bolton area, to Toronto Gore and Vaughan Townships as well as to 
Etobicoke and North York Townships. These fine-grained materials and their associated
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Photo 25-Lacustrine-Wildfield Till Complex. Calcareous clay-rich bands in lacustrine sedi 
ments. Excavation, housing subdivision, Kleinburg. Lot 23, concession VIII, 
Vaughan Township.

deltaic sands are considered to have been deposited in glacial Lake Peel, a short-lived 
glacial lake ponded in front of the melting glacier and confined by high land on the 
north, east, and west.

The deposits are so thin in some places that all traces of stratification have apparently 
been destroyed by pedogenic processes. Where the deposits are thicker, stratification 
may be present and, in places, there may be rhythmic deposits. The stratified sediments 
may have appreciable quantities of grits, silt-balls, and some pebbles and may be 
interbedded with layers of till-like material up to 4 inches to 6 inches in thickness. 
This till-like material is similar in texture to the stratified material but lacks stratifica 
tion. The till-like bands are also similar to the underlying Wildfield Till.

The lacustrine deposits provided a favourable environment for the formation of 
calcareous nodules. The nodules are in a variety of shapes but commonly are less than 
3 inches in their greatest dimension. They tend to be concentrated on the surface of 
any weathered slope but may be found at depths up to 6 feet below the original ground 
surface. They are not restricted to the lacustrine deposits but occur also in Wildfield 
Till although not usually in the coarser Halton Till. The lacustrine deposits may also 
have calcareous clay-rich bands upon which vegetation thrives (Photo 25).

The deposition of these lacustrine deposits modified the original till plain surface 
so that it is almost level to gently undulating, with the undulations being highs of the 
original surface. Chapman and Putnam (1951; 1966) have given the term "bevelled 
till plain" to this landform.
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The sediments deposited in glacial Lake Peel do not occur at elevations above 750 
feet to 775 feet and most of the sediments identified at the higher elevations may be 
deltaic or beach (? ) deposits. Most of the sandy deposits are associated with the larger 
present-day valleys thus indicating the latter's close relationship with the immediate 
postglacial drainage system. As the water levels in Lake Peel receded, the deltaic deposits 
formed by the streams feeding the lake from the north continued to form along the 
course of what are now the major streams in the area, the Humber and East Humber 
Rivers.

There seems to be no clear break between the end of the deposition of Wildfield 
Till and the beginning of the deposition of the Lacustrine-Wildfield Till Complex, 
for as the Wildfield ice melted, lake waters were ponded ahead of the ice front. Changing 
conditions would result in a local advance of the ice and the deposition of a layer of 
till on previous lacustrine deposits and then as the ice front receded the till layer would 
be buried by more lacustrine deposits. The percentage of till in the deposits decreases 
with time and in upward vertical section. It is possible that the till-like layers could 
represent slump deposits, following underwater movements of masses of highly satur 
ated materials.

Except for the alluvial deposits in the valleys, the Lacustrine-Wildfield Till Complex 
are the youngest deposits in the area, and are not overlain by other material. The complex 
has been affected by soil-forming processes in the upper few feet with the result that 
all evidence of stratification has usually been destroyed, leaving the upper part of the 
deposit till-like in appearance. Other processes have resulted in the formation of the 
calcareous nodules and the concentration of calcium carbonate in clay layers as men 
tioned above.

Grain-size analyses were made on 11 samples of fine-grained sediments of the Lacus 
trine-Wildfield Till Complex. No samples of deltaic deposits were taken and all samples 
analysed were from the stratified sections. The various soil separates have percentage 
ranges as follows:

Material Percent
sand 4 - 32
silt 29-71
clay 16-64
gravel particles 0-9

All samples are plotted on the textural classification chart in Figure 7. Samples of 
Wildfield Till and the Lacustrine-Wildfield Till Complex are plotted on the same chart. 
Liquid limits determined on eight samples of sediments from the complex range from 
23 to 46 and plasticity indexes range from 7 to 24. For the same samples, activity 
numbers range from 0.30 to 0.46. Generally the lower values for liquid limits, plasticity 
indices, and activity numbers (compared with those for Wildfield Till samples) indicate 
the presence of silt. Carbonate analyses done on six samples from the complex gave a 
range of total carbonate content from 17 percent to 46 percent and carbonate:dolomite 
ratios from 3:1 to 10:1. These values constitute a wider range than those in the samples 
of Wildfield Till. Care was taken to avoid using samples in which there was obvious 
carbonate deposition, but the wider range of values in the Complex samples may be 
accounted for by secondary carbonate.

Pebbles in the sediments are not numerous enough for pebble counts. However, a 
fabric analysis was done on 100 pebbles in one of the till bands in a section southwest 
of Ebenezer. This analysis indicates definite orientation of pebbles of N10W. This
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compares with the fabric analysis on the underlying Wildfield Till where the pebble 
orientation is from N10W to N40W. Thus, the orientation of pebbles in the Wildfield 
Till and in a till band of the Lacustrine-Wildfield Till Complex is similar, but in the 
till band there is a wider range of orientation.

The deposits of the Lacustrine-Wildfield Till Complex are essentially the same as 
the deposits attributed to the Peel Ponding by Chapman and Putnam (1949; 1951; 
1966), the Lake Peel deposits of Karrow (1963; 1970), and the Wisconsin Glacial 
Lake deposits of Watt (1955; 1968).

The name given to these deposits in this report is to emphasize that the deposits 
are a complex of subaqueous and subglacial deposits. They are believed to have been 
deposited as the ice front was at the Trafalgar Moraine (Chapman and Putnam 1949; 
Karrow 1963). The water level did not remain at any one level for very long inasmuch 
as there are no major shoreline or only weak shoreline features. The deltaic sands at 
several levels between 775 feet and 525 feet are further evidence of several water levels. 
The character of the deposits described here indicate that although the ice front may 
have been at the Trafalgar Moraine for much of the life of Lake Peel, it had a much 
more variable history in the Humber Valley area.

Fine-grained lacustrine deposits in the vicinity of Eversley have a similar appear 
ance and occurrence as those deposited in Lake Peel. They are thin, but generally 
thinner than the Peel deposits, and variable and conglomeratic. It is probable that the 
body of water (Lake Eversley?) in which these sediments were deposited existed at 
about the same time as Lake Peel or during the earlier phases of Lake Peel. The deposits 
of this body of water are not considered further in this report.

Older Alluvium

Early alluvial deposits older than similar materials deposited on modern flood plains 
are here referred to as Older Alluvium. The material may include sand, silt, gravel, and 
clay in varying proportions and may have appreciable organic content. The Older 
Alluvium occurs on elevated terraces and flood plains or on associated riverine features 
such as slip-off slopes, etc. The elevated terraces and flood plains may have several levels 
with three, or possibly four, levels on the Humber River upstream from Woodbridge.

In the Bolton area, Older Alluvium occurs along the valley of the Main Humber 
River downstream from Bolton and from Palgrave upstream to Mono Mills. There are 
no deposits between Bolton and Palgrave. Other deposits are on the East Humber River 
upstream from Woodbridge to Laskay, on Cold Creek (a tributary of the East Humber 
rising near Teston) and on the West Humber River from the confluence of this stream 
with the Main Humber upstream to Ebenezer. At the western edge of the map-area, 
small remnants of Older Alluvium occur along the Credit River.

In general, the Older Alluvium deposits are not very thick, rarely exceeding 5 feet 
but more commonly about 3 feet. Where the Older Alluvium has been deposited on 
an eroded surface underlain by gravels it is difficult to determine the contact. Other 
materials overlain by the alluvial deposits may include till or fine-grained sediments 
associated with the till. Generally, the Older Alluvium is not overlain by younger 
deposits except where peat bogs and other back-swamp deposits have formed in 
depressions in the original surface, such as meander scars.

Because of the small areal extent of the deposits and their general lack of homogeneity, 
no samples of Older Alluvium were taken for laboratory analysis.
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No attempt has been made in this study to determine the age of the various deposits 
of Older Alluvium or to correlate the deposits with other events in the area. Neverthe 
less, it is believed a detailed investigation of these deposits would yield considerable 
information on the geological history as well as on the evolution of the valleys in which 
the deposits are found.

Modern Alluvium

The alluvial materials deposited on the flood plains of the present streams consist of 
silt, sand, and gravel in varying proportions along with considerable organic material. 
Most streams in the map-area have flood plains although the flood plains of the smaller 
streams may be too small to be mapped. Streams rising in the sandy slopes below the 
Escarpment as in Albion and Caledon Townships, usually have little or no flood plain.

The alluvium on the valley floor varies in thickness but does not seem to exceed 
6 feet to 8 feet above the stream level. The alluvium has been deposited on the 
material into which the valley has been cut, so a variety of materials from coarse gravels 
to till may be found below the alluvium. The Modern Alluvium is usually the youngest 
deposit but in some locations depressions in the surface of the flood plain contain peat 
and muck deposits.

As with the Older Alluvium, no samples were taken for laboratory analysis on 
account of the heterogeneity of the deposits. A detailed study of some of the peat bogs 
located on the flood plains and of the alluvium itself would add to the knowledge of 
the history of the river.

Peat, Muck, and Marl Deposits

Peat and muck deposits which are generally of small extent and less than 6 feet in 
depth are common throughout the map-area. In some locations, usually with deposits 
of fairly large extent, the peat may be underlain by marl.

The organic content of the peat deposits is in all stages of decay with some deposits 
having a high percentage of fragments of well preserved tree limbs, trunks, etc., whereas 
other deposits may be an amorphous-granular mass with few recognizable macro- 
fragments. Some deposits may have a considerable content of mineral matter and there 
fore may be considered muck. The organic deposits are commonly associated with 
underlying marl deposits or bog lime, but no marl deposits without organic material 
were seen.

These deposits of organic and bog-lime materials are common in the numerous 
undrained depressions in the map-area. They are particularly common in the hummocky 
topography of the moraine areas and in the ice contact deposits. The organic deposits 
may also occur along valleys, in depressions on flood plains and elevated terrace remnants, 
and in abandoned stream channels.

The deposits of larger areal extent may be quite shallow (2 feet to 5 feet deep) 
yet the deposits of small areal extent (± Vi acre) may be commonly 20 feet or more 
in depth. A number of deposits were probed to depths of ± 10 feet without reaching 
the bottom of the organic deposit. Several commercially operated deposits are as deep 
as 20 feet and one deposit is reported to have a depth of 35 feet.

76



The marl and (or) peat overlie a variety of other materials. Where positive identi 
fication was made, till, outwash sands, and alluvium were recognized.

Excepting for the organic-rich sediments found in the Wbodbridge Cut, all organic 
deposits seen in the Bolton area are postglacial in age. Samples were taken at a variety 
of depths in several deposits but so far no detailed study has been made of their content 
or of their age. It is possible that a detailed study of these samples could provide much 
more information on the history of the area.

Northern Units

Northern Lower Till

A light grey, sandy till with or without sandy or gravel-rich lenses is exposed in 
several locations in the northern part of the map-area. The till ranges in texture from a 
loam to a sandy loam and may contain appreciable percentages of pebbles and boulders.

In most areas east of the Escarpment, the till is mostly covered by younger deposits 
but it is also well exposed at the surface in several localities such as in the northeastern 
part of the map-area and at Mt. Wolfe. The till is probably continuous beneath the 
discontinuous cover of the younger deposits. Above the Escarpment and along the 
northeast-facing Escarpment slope, the northern lower till provides the surface material.

The till above the Escarpment is formed into northwest-southeast-trending morainal 
ridges of the Singhampton Moraine with intervening areas of till plain. Below the 
Escarpment, northern lower till forms the core of several of the sand ridges shown on 
the map, and it is probable that most, if not all, of the other sand ridges are similarly 
cored. In addition to these ridges, the northern lower till occurs as isolated hills such 
as Mt. Wolfe and Rich Hill in Tecumseh Township which is to the north outside the 
map-area. Although varying slightly from other exposures of northern lower till, the 
Gibraltar morainal ridge at the edge of the Escarpment is considered to consist of 
northern lower till.

Nowhere in the map-area is the northern lower till seen to overlie older deposits 
although the gravels associated with it in lot 22, concession X, Albion Township may 
be older than the till. In a gravel pit in Tecumseh Township north of the map-area, a 
material which is possibly northern lower till overlies a thick deposit of gravel. A 
mastodon tusk (Photo 26) is reported to have been found in these gravels (The 
Reverend Thomas Gracie, Beeton, Ontario, personal communication). In the vicinity 
of the village of Caledon, northern lower till probably overlies Wentworth Till deposited 
in front of the Paris Moraine. In the vicinity of the Escarpment edge, the till probably 
lies directly on bedrock.

Younger sands and silts overlie the till in northern Albion Township and in those 
parts of Mono, Adjala, and Tecumseh Townships that are in the map-area. In the 
northern part of King Township, the northern lower till is overlain by deposits of early 
Lake Schomberg and other younger deposits. This is well seen in the Kettleby road-cut 
(Photos 20, 21, and Table 1).

Samples of the northern lower till were taken above and below the Escarpment. 
Although the material is generally coarse, sandy, and non-plastic in both areas, the effect 
of the Escarpment rocks is evident in the variations in the carbonate content and the 
percent gravel in the till. Samples of the northern lower till taken at the Northern
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Photo 26-Part of mastodon tusk reported found in a gravel pit, Tecumseh Township. Photo 
graphed at Beeton, Ontario, January 1965.

Reference Section, the Kettleby road-cut, are finer grained than samples taken in the 
map-area but the colour of the till, the stratigraphic relationships, and a coarse texture 
relative to the overlying younger till left no doubt in the writer's mind that the lower 
till in the Kettleby road-cut is northern lower till.

The results of the textural analysis of 13 samples taken east of the Escarpment are 
plotted on Figure 8. Most samples are classified as sandy loam or loam with size ranges 
as follows:

Material Percent
sand 28-72
silt 25-52
clay 3-27

The three samples from the Kettleby road-cut are classified as loam and have size ranges 
as follows:

Material Percent
sand 28-29
silt 44-48
clay 23-27

The gravel content of the 13 bulk samples ranged from l percent to 28 percent, with 
four samples containing 10 percent or more gravel.
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U S D A 
Soil separates
Sand 2 O to 0.05 mm diameter. 
Silt 0.05 to 0.002 mm diameter. 
Clay smaller than 0.002 mm diameter.

Northern Upper Till A 
Northern Lower Till *
(East of Escarpment) 
Northern Lower Till D
(At or above Escarpment)

_
SMC 12613 " PERCENT SAND

Figure 8-Texture classification of till units of northern part of Bolton area.

Three samples taken at or above the Escarpment have size ranges as follows: 
Material Percent 

sand 63-96 
silt 4-32 
clay O- 6 
gravel (on bulk sample) 13-43 

These are classified as gravelly sand or gravelly sandy loam.
Six samples from east of the Escarpment have liquid limits in the range 10-17 and 

all are non-plastic with the exception of one sample with a liquid limit of 17 and a 
plastic limit of 16. The three samples from the Kettleby road-cut have liquid limits 
from 22 to 26, plastic limits 12 to 14, plasticity indexes 9 to 12, and activities of 0.37 
to 0.46. The one sample tested above the Escarpment is non-plastic with a liquid limit 
of 16 and thus similar to the samples east of the Escarpment.

The first carbonate analyses done on northern lower till samples suggested that the 
northern tills in general would have high calcite:dolomite ratios but later analyses gave 
values of too great a range to be of diagnostic value. The northern upper till does, 
however, have a unique, narrow range of high calcite:dolomite ratios.

Seventeen samples of northern lower till from east of the Escarpment have total 
carbonate contents from 21 percent to 40 percent and calcite:dolomite ratios between 
2:1 and 13:1. The three samples from the Kettleby road-cut have total carbonate con 
tents of 30 percent to 31 percent and ratios of 3:1.

The three samples above the Escarpment have total carbonate contents of between 
25 percent and 30 percent and calcite:dolomite ratios of 0.76:1, 0.22:1, and 2.5:1; the 
first two ratios showing the effect of the Escarpment dolostone.
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A pebble count on one sample taken on the brow of the Escarpment (and obviously 
unaffected by the Escarpment dolostone) is as follows:

Formation Percent 
Black River and Trenton Limestone 50 
Brown Dundas siltstone 38 
Precambrian igneous and metamorphic rocks 12

The limestone:siltstone ratio of 1.3:1 is one of the lowest values of this ratio 
obtained in a till in the map-area and suggests a considerable increase in the siltstone 
content of the gravel fraction of the tills in the vicinity of the Escarpment.

A road-cut on the northern slopes of Mt. Wolfe in lot 24 W/2, concession X, 
Albion Township was used as a site for a fabric analysis on northern lower till. The 
major direction of orientation is N20E with a prominent east-west secondary direction. 
The material on which the analysis was done was a non-plastic sandy loam with a 
carbonate content of 31 percent and a calcite:dolomite ratio of 3:1.

The northwest-southeast orientation of the Singhampton and Gibraltar Moraines, 
the similar orientation of the till-cored sand ridges in Adjala and Dufferin Townships,, 
and the restriction of the northern lower till to the northern part of the map-area all 
seem to indicate an origin from the northeast or north for this till. The light grey of 
the till which was not seen in any till in the south and the fabric analysis which suggests 
an origin from the northeast, support the northeast as the origin for the ice which 
deposited this till.

Several exposures of northern lower till occur in the Alliston map-area to the north. 
Dreimanis (1954, p.7) referred to a sandy till in the Upper Holland River watershed, 
in the northeastern part of the Bolton area as the "lower till north of the Oak Ridges 
moraine". From the description and the accompanying map, Dreimanis' lower till and 
the "northern lower till" of this report seem to be the same till. In addition many of the 
areas of northern lower till coincide with soils pedologically mapped as the Bondhead 
Series (Hoffman, Wicklund, and Richards 1962).

Northern Intertill Sediments 
(Includes Early Lake Schomberg Deposits)

A large part of the ice contact, water-sorted sediments in Mono, Adjala, Tecumseh,. 
and part of Albion Townships, are considered here as part of the northern intertill 
sediments. Although probably intimately associated with similar younger sediments, the 
basic criteria for including a material in the northern intertill sediments is that such a 
material was deposited after the northern lower till and before the advance of the ice 
which deposited the northern upper till. Where a water sorted sediment is underlain by 
northern lower till and overlain by northern upper till, there is no doubt as to the time 
of deposition and its correct inclusion with the northern intertill sediments. Where the 
sediment is not overlain by northern upper till the correct inclusion in the group is 
difficult to determine. By the above definition, deposits of early Lake Schomberg must 
also be included with the northern intertill sediments even though the fine-grained Lake 
Schomberg deposits are not normally considered as "ice contact" deposits.

The northern intertill sediments contain fine to coarse sands, silt and clay, and some 
gravels. Gravels constitute a high percentage of the material in the kame terrace along 
the edge of the Escarpment in Mono Township, but east of the Escarpment, fine to 
medium sands predominate. Farther east these sediments are much finer grained with.
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clay and silt predominating. Rhythmites are common. These finer grained materials 
have been referred to as deposits of early Lake Schomberg (Dreimanis 1954). The 
relationship of the early Lake Schomberg deposits to the underlying and overlying till 
sheets is excellently shown in the Kettleby road-cut (Photos 20, 21, and Table 1). The 
relationship of the northern intertill sediments to either the northern lower or upper 
till can be seen in several other exposures in the map-area but nowhere else was the 
relationship to both tills seen in the one exposure.

The northern upper till is largely absent in Mono, Adjala, Tecumseh, and Albion 
Townships. Hence, it is assumed that ice contact sediments associated with the ice 
which deposited this younger upper till probably overlie and are mixed with the ice 
contact sediments deposited prior to the deposition of the upper till. Likewise, ice con 
tact sediments associated with southern ice may also be involved.

The northern intertill sediments extend in a band up to 4 miles or 5 miles in width 
across the northern part of the map-area. The best exposures are in the west where they 
form the kame terrace against the Escarpment face in Mono Township. From this area 
east, the sediments are more and more overlain by younger deposits. The hummocky sur 
face of the ice contact deposits in Adjala, Tecumseh, and Albion Townships is probably 
due in part to the original surface of the sediments but the surface is also, to a large 
degree, formed by younger deposits. In places, the intertill sediments overlie the northern 
lower till (e.g., in road-cuts through some of the sand ridges) and in other places to 
underlie the northern upper till (e.g., near Ballycroy, concession VI, Simcoe Township 
and in concession II, Tecumseh Township). Farther east, the intertill sediments underlie 
the northern upper till and deposits of late Lake Schomberg in the vicinity of Schom 
berg and Lloydtown. In lot 26, concession VIII, King Township stratified sediments be 
lieved to be deposits of early Lake Schomberg underlie Halton Till and northern upper 
till. Although not specifically identified, northern intertill sediments of probable early 
Lake Schomberg may be exposed in the eroded slopes south of Pottageville and Kettleby.

The northern intertill sediments have not been extensively sampled or tested for this 
study. Samples which were analysed were mostly taken from sediments deposited in 
early Lake Schomberg.

Two samples of early Lake Schomberg deposits from the Kettleby road-cut are well 
stratified and include rhythmites. The samples are composite representing both fine and 
coarse parts of the rhythmites. Both samples are classified as silty clays with the follow 
ing:

Material Percent 
sand 1-2 
silt 54-58 
clay 40-45

Atterberg Limits were determined on the same two samples from the Kettleby 
road-cut. Liquid limits are 34 to 35, plastic limits 19 to 20, and plasticity indexes 14 to 
16. Activity of both samples was 0.35.

The Kettleby road-cut samples have 40 percent to 42 percent total carbonate with 
calcite:dolomite ratios of 14:1 and 20:1. Total carbonate content and calcite:dolomite 
ratios are high also in samples from Lloydtown, in lot 30, concession IX, King Town 
ship. Here, the total carbonate content is 38 percent, and the calcite:dolomite ratio is 
19:1. On samples from north of Linton, lot 26, concession VIII, King Township, the 
total carbonate is 44 percent and the calcite:dolomite ratio is 22:1.

Two samples of the kame terrace gravels from Mono Township gave the pebble 
counts shown in Table 2. Similar figures for a sample near Mono Mills (D.F. Hewitt, 
personal communication) are also given.
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Table O l LITHOLOGY OF PEBBLES FROM GRAVELS OF NORTHERN 
INTERTILL SEDIMENTS

Location MONO TOWNSHIP CALEDON TOWNSHIP
Lot 3, Con. VIII Lot 8, Con. VI Lot 23, Con. VI E

Sample
LITHOLOGY
Black River and Trenton Limestone
Brown Dundas Siltstone
Dolostone
White Potsdam Sandstone
Clay Balls
Precambrian Felsic Igneous Rocks
Precambrian Mafic Igneous Rocks
Precambrian Metamorphic Rocks
Queenston Grey and Green Siltstone
Limestone Siltstone ratio

A

57
18

4
2

18
3:2

B

68
16

11
4
1

4:3

C

53
34

1
1

(D
5

5

1:6

Similar pebble counts on samples of very gravelly tills taken from the morain strands 
on either side of the kame terrace show a lower limestone:siltstone ratio of almost 
1.0:1. Although few samples of either till or gravel are involved, it seems as though 
there is an "upgrading" of the gravels in the kame terrace by a decrease in the per 
centage of the flat, siltstone fragments as compared with the gravel in the coarse gravelly 
tills associated with the kame terrace.

A continuous connection between the ice contact deposits in the west and the 
lacustrine deposits in the east was not evident in the field, but the several examples of 
till underlying or overlying the various deposits indicates that multiple facies of the 
one formation are involved. The probable continuity of the ice contact and the glacio 
lacustrine deposits is the result of a variety of conditions as the ice fronts of the Sing- 
hampton and Gibraltar sheets retreated to the northeast. The Singhampton ice is con 
sidered to have stagnated and deposited hummocky ice contact material east of the 
Escarpment. The Gibraltar ice resulted in the kame terrace gravels around the Escarp 
ment, the more hummocky ice contact deposits east of the Escarpment, and the lacustrine 
deposits of early Lake Schomberg, the latter being ponded against the "high" land of 
the hummocky ice contact deposits and, perhaps, masses of stagnant and slowly melting 
ice.

Putnam and Chapman (1936) gave the name Lake Schomberg to the glacial lake 
impounded between the northern ice lobe and the high land in King and Whitchurch 
Townships and Deane (1950, p.87) noted a "re-advance of the ice sheet during the 
Lake Schomberg stage". Dreimanis (1954) agreed with the evidence for an advance 
during Lake Schomberg time but differentiated between the deposits of early Lake 
Schomberg and late Lake Schomberg, even though, lithologkally, the deposits are similar.

The rhythmites between the tills in the Kettleby road-cut are considered the same 
age as Dreimanis' deposits of early Lake Schomberg. Likewise, on the evidence mentioned 
above, the underfill (and intertill) lacustrine and ice contact deposits are considered 
time-equivalents of the early Lake Schomberg deposits. The kame terrace gravels along 
the Escarpment are slightly older but are included here for convenience.

As suggested in the discussion of the southern intertill deposits, the northern intertill 
deposits could also be grouped in one multiple-fades formation similar to the Atherton 
Formation proposed by Wayne (1963) in Indiana. It may be that the intertill deposits 
from both the northern and southern lobes could be grouped into one Atherton-type 
formation. However, further evidence is necessary to substantiate this suggestion.

82



Northern Upper Till

A light brown, fine-grained material in the north-eastern part of the map-area is 
considered a till even though, for the most part, it is devoid of pebbles or gravel-size 
particles. Although commonly overlain by fine-grained stratified deposits, nowhere was 
the till seen overlain by other till-like materials. As the till seems to have been deposited 
by ice moving out of the north or northeast, the material is designated informally here 
as the "northern upper till". In the map-area, the till is almost entirely confined to the 
northern part of King Township but there are isolated occurrences in Tecumseh and 
Adjala Townships.

North of Eversley, the till seems to be only on the tops or upper slopes of the hills. 
If the till was on the lower slopes, postgkcial erosion has removed it. The isolated 
occurrences in Adjala and Tecumseh Townships also are on top of hills most of which 
are relatively flat-topped. Between Pottageville and Palgrave, the northern upper till 
occurs in the walls of the Schomberg River valley and along the northern eroded slopes 
of the Palgrave Moraine. In this area, the till has been almost completely buried beneath 
the deposits of late Lake Schomberg.

The till in many places is only a few feet thick, although at the Kettleby road-cut 
it is 16 feet thick and in concession II, Tecumseh Township, it is 15 feet thick. Drei 
manis (1954, p.15) mentions the possibility of the "upper till" in the Holland River 
watershed being up to 100 feet thick although "thin in most places". The northern 
upper till resembles the intertill sediments of early Lake Schomberg which are below 
it. However, the till is unstratified, has a small percentage of grits and pebbles, and 
tends to break down into chunky fragments. In some places, the till is difficult to dis 
tinguish from underlying unstratified massive silts. The colour, usually light brown, is 
slightly darker where the till overlies the southern Halton Till. The northern till, how 
ever, is almost pebble-free and has the high calcite:dolomite ratio by whkh it can be 
distinguished from the Halton Till. The high total carbonate content and the calcite: 
dolomite ratio reflects the underlying early Lake Schomberg deposits and emphasize the 
difficulties sometimes encountered in distinguishing the till and the overridden sediments. 
As with other fine-grained materials in the Bolton area, the northern upper till may 
also contain numerous carbonate nodules, particularly where the upper surface of the 
till is close to the surface.

The northern upper till does not form any specific landform although, as indicated 
above, it occurs commonly as a capping on hills. The ^4-mile wide band of northern 
upper till between Lloydtown and Pottageville is the southern edge of the till sheet 
where the till has been deposited against the Palgrave Moraine. No morainic form is 
evident here or where the till occurs in the Eversley area. Likewise, the isolated occur 
rences in Adjala and Tecumseh Townships could not be considered to represent a 
moraine. The northern upper till on hills up to elevations of 1,100 feet in the Eversley 
area and to 1,050 feet in the Tecumseh-Ad j ala area contrasts with a maximum elevation 
of 900 feet in the Lloydtown-Pottageville area, and suggests that the till may have been 
more widespread in this latter area. However, there is no evidence of northern upper 
till south of the boundary indicated on the Geological Map 2275 (see back pocket).

The northern upper till overlies a variety of older deposits but the lower contact is 
mostly with northern intertill sediments, particularly those of early Lake Schomberg. 
This relationship is especially well seen in the Kettleby road-cut as well as in several 
exposures along the Schomberg River and in Adjala and Tecumseh Townships. In other 
areas, the till directly overlies the northern lower till but in lot 26, concession VIII, King 
Township, the northern upper till directly overlies the southern Halton Till.
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The upper surface of the northern upper till is for the most part overlain by deposits 
of late Lake Schomberg as in the Lloydtown-Pottageville area. Very thin, 12 inches or 
less, veneers of fine sand or silt overlie the till in the Adjala-Tecumseh area but in the 
Eversley area the till is generally at the surface.

Eight samples of northern upper till, including three samples from the Kettleby 
road-cut, were analyzed for texture. The various size fractions are as follows: 

Material Percent 
sand 3-25 
silt 39-62 
clay 21-50 
gravel (on bulk sample) O- 6

The samples tested are classified into five textural groups but most samples are silty clay 
or silty clay loam.

Four samples were tested for Atterberg Limits and have liquid limits of 27 to 33, 
pkstic limits of 17 to 18, and plasticity indexes of 10 to 15. Activity ratios are between 
0.33 and 0.37.

Twelve samples were tested for carbonate content and gave results between 32 per 
cent and 49 percent and calcite-dolomite ratios between 8:1 and 26:1. The three samples 
from the Kettleby road-cut have the lowest ratios, 8:1 to 10:1, but their total carbonate 
contents 38 percent to 43 percent are about average, i.e., 43 percent.

The pebbles in the northern upper till are too few in number and too small in size 
to warrant collecting samples for pebble count and fabric analysis. However, Dreimanis 
(1954) reported several fabric analyses on samples of the upper till in the Holland 
River watershed. All analyses gave northwest-southeast directions which indicates that 
the ice spread out and moved towards the southeast after it had first moved from the 
northeast along the northeast-southwest depression of the present Holland Marsh.

The material considered here as "northern upper till" seems to be the same as the 
"upper till" described by Dreimanis (1954) in the Holland River watershed. Deane 
(1950, p.87) mentioned a till deposited during "a re-advance of the ice-sheet during the 
Lake Schomberg stage", and although a few details are given it would appear that 
Deane's till is the same as the "northern upper till" here.

Certain characteristics of the northern upper till suggests a relationship between the 
ice advance which deposited the Banks Moraine (Chapman & Putnam 1966) and the 
ice advance which resulted in the deposition of the northern upper till. The Banks 
Moraine is northwest of the map-area and behind the Singhampton and Gibraltar 
Moraines. The Banks Moraine is similar to these latter moraines but "not so well de 
veloped" (Chapman and Putnam 1966, p.68). Just outside the map-area, south of the 
village of Hockley, "the Banks Moraine loses its identity" (Chapman and Putnam 1966, 
p.69). The author does not consider that the Banks Moraine extends into the map-area 
but Taylor's Limon Moraine (Taylor 1913a) may in part be a possible southward ex 
tension of the Banks Moraine.

However, from Chapman and Putnam's (1966) description and discussion, the ice 
advance which deposited the Banks Moraine is assumed to have been much weaker than 
the advances which built the Singhampton and Gibraltar Moraines. From the evidence 
derived from the northern upper till, it seems that the ice advance which deposited this 
till was also weak. The northern upper till is generally a thin till, forming a veneer on 
pre-existing topography which was barely modified by the advancing ice. The absence 
of a moraine together with the spotty occurrence of till as the outer limits strongly 
suggests the weak ice advance. Detailed studies in the Alliston area should indicate if 
there is any close relationship between the Banks Moraine and the northern upper till.
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Glacial Lake Deposits of Late Lake Schomberg

Well stratified sand, silt, and clay in the northern part of King Township was de 
posited from the waters of glacial Lake Schomberg when the meltwater from the final 
ice advance in the area was ponded between the ice front and the height-of-land across 
King Township. The sediments consist largely of silt-size and clay-size particles which 
form rhythmites or varves and commonly have a thin, ±12 inches, veneer of fine sand 
at the surface. Thicker deposits of sand and some gravels near Pottageville are possibly 
related to a late, low-level stage of late Lake Schomberg. Another area 2 miles to 4 miles 
east of Pottageville, originally underlain by sand and gravel but deeply eroded, was 
probably related to an early, high-level stage of late Lake Schomberg.

The surface underlain by these Schomberg deposits is gently undulating and de 
creases in elevation from ± 950 feet 2 miles west of Lloydtown to less than 800 feet 
in the vicinity of Pottageville. The remnants of the heavily eroded area east of Pottage 
ville have a maximum elevation of ± 1,000 feet. The undulating surface is probably 
due to the irregular till surface floor of Lake Schomberg. The decrease in elevation from 
±950 feet west of Lloydtown to 800 feet in Pottageville suggests a continually receding 
lake level inasmuch as there are no significant shoreline features. As the high-level lake 
deposits west of Lloydtown and east of Pottageville are not everywhere surrounded by 
higher ground, a shoreline formed by a stagnant ice mass during the early stages of the 
lake appears possible.

Nowhere in the map-area are the fine-grained deposits thicker than 15 feet but 
there is a thicker sequence at the Schomberg racecourse. The fine-grained sediments 
usually occur as rhythmites or varves with individual couplets up to Y^ inch to l inch 
thick. Couplets up to 3 inches occur in several localities. Deane (1950) reported Schom 
berg deposits up to 30 feet thick and Chapman and Putnam (1966) noted 50-foot thick 
deposits with individual varves up to 4 inches or more in thickness. Stratification is 
difficult to determine in places where it has been affected by weathering within several 
feet of the ground surface.

The material underlying the deposits of late Lake Schomberg is usually northern 
upper till but in some localities the Schomberg deposits are in direct contact with 
northern lower till. This latter situation is not uncommon in the area west of Lloyd 
town, and possibly represents early Lake Schomberg deposits on the northern lower till.

In the map-area, the upper surface of the Schomberg deposits has no significant 
deposits of overlying younger material.

Two samples of Schomberg deposits were analyzed, one from the Schomberg race 
course section and the other from deposits west of Lloydtown. The analyses were done 
on composite samples and not on separate layers of each couplet.

Both samples are classified as silty clay loam with size ranges as follows:
Material Percent

sand 2-5
silt 60-66
clay 29-38

Atterberg Limits on the same two composite samples gave liquid limits of 34 and 
27, plastic limits of 20 and 15, and plasticity indexes of 14 and 12. Activities were 
calculated as 0.37 and 0.41.

Total carbonate was determined as 52 percent and 40 percent with the calcite: 
dolomite ratio of 4:1 the same for both samples. Chapman and Putnam (1966, p.99) 
reported a value of "about 5096" for the total carbonate content of Schomberg deposits.
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These Schomberg deposits are not widespread in the map-area and are only a small 
part of the total area underlain by Schomberg deposits. Putnam and Chapman (1936), 
Deane (1950; c. 1963), Chapman and Putnam (1951; 1966), and Dreimanis (1954) 
have all reported Lake Schomberg deposits in areas to the north and northeast of the 
Bolton area.

Dreimanis (1954) and Deane (c. 1963) have discussed in some detail the various 
levels of the deposits and agree that the high-level deposits were laid down in the early 
stages of late Lake Schomberg. In the map-area, the deposits to the east of Pottageville 
and south of Kettleby would thus be considered early stage deposits as also perhaps are 
some to the west of Lloydtown.

The sands and gravel in the vicinity of Pottageville are mostly below 800 feet. It is 
not known whether these low-level deposits are related to a very late, low-level stage of 
Lake Schomberg or an early high-level stage of glacial Lake Algonquin. Deane (1950) 
did not concur with their being early, high-level Lake Algonquin deposits and in dis 
cussing the Pottageville gravels ( Deane c. 1963) considered them as having formed as 
an outwash deposit from a small ice lobe in the Holland Marsh as the ice front retreated 
to the north. To the author, the plan shape of the Pottageville gravels, the slope of their 
surface to the north, and the relationship of the gravels to the flanking sand plains and 
the high ground to the south, all indicate a southern source for the sediments. The 
sediments would have come from the high ground in the south and been deposited as 
a delta in a body of water ponded to the north. Whether the body of water was a late 
stage of late Lake Schomberg or an early stage of Lake Algonquin could not be deter 
mined in the Bolton area by the author. However, Dreimanis (1954) recorded a possi 
ble high-level shoreline of Lake Algonquin at 810 feet to 850 feet along the southeast 
slope of the Holland Marsh, about 5 miles to 7 miles northeast of Pottageville.

Older Alluvium

There are several north-flowing streams in the map-area. Of these streams, only the 
Schomberg River valley has high-level alluvial deposits not related to the flood plain of 
the present-day stream.

The Older Alluvium of the Schomberg River valley is in the vicinity of Lloydtown. 
The deposits consist mostly of sand and gravel with an appreciable content of silt. The 
deposits are not extensive, being mainly on slip-off slopes of meander spurs.

Modern Alluvium

Most north-flowing streams have small quantities of Modern Alluvium on their 
valley floors. One exception is the valley of Bailey Creek which rises on the sandy slopes 
below the Escarpment in Mono Township. Like many of the south-flowing streams 
which also rise on the sandy slopes below the Escarpment, Bailey Creek has virtually 
no flood plain along its length in the map-area.

The alluvium in the valleys of other north-flowing streams is small in extent and 
where investigated consists mainly of fine sand and silt and very little gravel.
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Peat, Muck, and Marl Deposits

Several small peat and muck deposits occur along the northern edge of the map- 
area and some of the large ones are shown on Geological Map 2275 (back pocket). 
Most of these deposits are associated with the sand terrain in Adjala and Tecumseh 
Townships. No marl was seen in the deposits along the northern edge of the map-area.

Further general characteristics of these deposits are discussed in the "Southern Unit 
Section" of "Quaternary Geology."

Historical Geology

There is little evidence in the Bolton area of Pleistocene events prior to the Wis 
consinan glacial stage or of the events prior to Main or Late Wisconsinan time. There 
fore the account given here of events prior to Late Wisconsinan time is dependent upon 
studies of areas outside of the map-area.

Chapman and Putnam (1951; 1966) have described the deglaciation history of 
southern Ontario in their monograph and other publications. This report endeavours to 
provide details of deglaciation in the Bolton area.

PRE-WISCONSINAN

Deposits of Nebraskan or Kansan Age do not seem to be present in the Bolton 
or nearby areas. The oldest Pleistocene deposit identified in the Bolton area is the York 
Till, the lowermost unit in the Woodbridge Cut. This till is overlain elsewhere by 
warm climate deposits and has thus been identified as a till of Illinoian Age.

Deposits of Sangamonian time have not been identified in the Bolton area but their 
presence in the Toronto area suggests that the Bolton area was subjected to the warm 
conditions of the interglacial stage.

Most, if not all, of the valleys in the bedrock surface were probably formed in 
preglacial time and modified by later glacial and subaerial processes but since the evi 
dence for this is not conclusive, the valleys may have a Sangamonian or pre-Late Wis 
consinan Age.

EARLY WISCONSINAN

The cooling of the warm Sangamonian climate marked the onset of the last glacial 
period. The event is marked in the Toronto area by extensive deltaic deposits (Karrow 
1967; 1969) and by a thick sequence of organic silts and clays and numerous beds of 
peat in the Scarborough Formation in the Woodbridge Cut.

The deposits in the Woodbridge Cut are 100 feet above the equivalent sediments in 
the Toronto area and are considered to represent deposition in small lakes "inland" from 
the main body of water in which the Toronto area sediments were deposited. Alterna 
tively, the Woodbridge sediments may represent backwater swamp deposits along a
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Bolton Area

stream emptying into the lake in the Ontario Basin. Age determination on the Wood- 
bridge Cut deposits have yielded infinite dates of >49,700 years (Dykes, Fyles, and 
Blake 1965; Sample GSC-203) and >49,000 years (Lowdon, Robertson, and Blake 
1971; Sample GSC-729) which agree with dates from Scarborough Formation material 
elsewhere (Karrow 1969). Karrow (1967) deduced the probable age of this formation 
as between 50,000 years and 70,000 years. Traces of weathering on top of the Scar 
borough Formation sediments probably correlate with the St. Pierre Interstade.

The cool period at the start of the Early Wisconsinan was followed by a glacial 
advance which covered the Bolton area and all southern Ontario and moved south into 
Ohio. In the Bolton-Toronto area, the dark grey, fine-grained Sunnybrook Till was 
deposited. The exact age of the Sunnybrook Till is not known but it is probably between 
50,000 years B.P. to 65,000 years B.P. (Goldthwait, Dreimanis, Forsyth, Karrow, and 
White 1965; Dreimanis et al 1966). The retreat of the ice which deposited the Sunny 
brook Till marked the end of the Early Wisconsinan.

MIDDLE WISCONSINAN

The Middle Wisconsinan is characterized in the Erie-Ontario region as an ice-free 
interval of about 25,000 years. However, the Ontario Basin was probably never com 
pletely free of the ice. Several times the drainage to the east was blocked and towards 
the end of the interval, there were several minor advances of the ice which deposited till, 
e.g., the Seminary and Meadowcliffe Tills of the Scarborough area (Karrow 1967; 1969). 
These minor advances probably represent the onset of the major glacial advance of the 
Late Wisconsinan.

The Woodbridge area has few Middle Wisconsinan deposits. The deposits are fillings 
in shallow channels in the upper surface of the Sunnybrook Till and include organic 
silts, peat and gravels. Part of a molar of a woolly mammoth was found in one channel 
(Churcher 1968) and Karrow (1969) reported unidentified pupillid land snails. The 
peat contains few pollen grains (see section on "Organic-rich Sediments" and Peat 
Bands under "Southern Units") but was dated (Lowdon, Robertson, and Blake 1971) 
at 40,200 ± 480 years B.P. (Sample GSC-629-2) and 45,000 ± 900 years B.P. (Sample 
GSC-1181).

These dates are in accord with the range of finite dates obtained from the Thorn- 
cliff e Formation at Scarborough (Karrow 1967, p.34), viz., 48,800 ± 1,400 years B.P. 
(Sample GSC-534) to 38,900 ± 1,300 years B.P. (Sample GSC-271).

LATE WISCONSINAN

The Late Wisconsinan is characterized by the maximum advance of the Wisconsinan 
glacier. The ice advance which marked the start of the Late Wisconsinan probably in 
vaded the Bolton area about 30,000 years B.P. Passing over the Bolton area, the ice 
continued through the Erie Basin, south into Ohio to reach the limits of its advance 
about 20,000 years B.P.

The ice front began to retreat with a succession of frontal retreats, advances, and 
stillstands. The first break in the ice cover over southern Ontario came about 15,000 
years ago. Dreimanis (1958) designated this break as Erie Interstadial (kter Lake Erie
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Interstade), the break coinciding with that between the Tazewell and the Guy. The 
Bolton area itself was not free of ice until about the time of the Cary-Mankato interval 
(13,500 years B.P.).

Evidence for the above Tazewell and Gary events has not yet been found in the 
Bolton area, although tills representing the Gary advances are reported nearby (Karrow 
1963; 1968). However, if the till in the Woodbridge Cut, which is here considered to 
be Wentworth Till, is not a true Wentworth correlative, then this till may represent a 
Gary advance. Likewise, if the red sandy loam till in the Caledon area proves to be 
older than the Wentworth Till, it possibly could be the equivalent of the Catfish Creek 
Till, which was deposited during the initial advance of the Late Wisconsinan ice (De 
Vries and Dreimanis I960; Karrow 1963; Goldthwait et d. 1965).

The ice advancing across southwestern Ontario in Mankato (Port Huron) time 
moved as three independent lobes: one moving out of Lake Huron, one lobe out of 
Georgian Bay with a sublobe moving out of the Lake Simcoe Basin, and a third lobe 
out of the Ontario-Erie Basins.

The Ontario lobe advanced across the Bolton area and deposited the red Wentworth 
Till in the form of closely spaced drumlins on top of the Niagara cuesta. The drumlins 
probably covered all the Caledon-Sleswick-Mono Mills area and formed the northern 
end of the Guelph drumlin field. The ice did not advance very far beyond the map-area, 
but halted at the Orangeville interlobate moraine position, about 4 miles to 6 miles 
west of Mono Mills (Chapman and Putnam 1966).

After depositing the Orangeville Moraine, the Ontario lobe receded apparently 
completely from the upper surface of the cuesta in the Caledon-Mono Mills area. With 
this retreat, the Lake Simcoe sublobe surged forward, overrode the Escarpment face, and 
moved southwest over the cuesta. But the distance was not great, perhaps only 4 miles 
to 5 miles. This Lake Simcoe ice overrode the drumlins and deposited the Singhampton 
Moraine, east of Caledon, with the red overridden till and the light coloured drift from 
the northeast.

The Ontario ice was not very far away at this stage and, as it re-advanced towards 
the Escarpment, the Simcoe ice front melted back at its southern end about l mile to 2 
miles behind the original position. The Ontario lobe moved up over the Escarpment 
south of Credit Forks, but did not do so north of the village, probably because of the 
Simcoe ice. The moraine from the Ontario ice deposited at this time is the northern part 
of the Paris Moraine (Taylor 1913a; Chapman and Putnam 1951; 1966; Karrow 1963; 
1968) and, together with the Singhampton Moraine, forms part of the Port Huron 
morainic system (Taylor 1913a; Chapman and Putnam 1951; 1966).

The ice apparently was in the Paris and Singhampton moraine positions for some 
time. The vast quantities of meltwater and outwash from the ice deposited gravels in 
the meltwater channels associated with the moraines. The fine-grained materials were 
conveyed to Brantford, via the major Orangeville-Brantford meltwater channel, and 
deposited in glacial Lake Whittlesey.

The ice behind the moraines in the Bolton area appeared to stagnate and was 
covered by debris released from the ice. Subsequent melting of the buried ice masses 
resulted in the washed drift being deposited on the surface of northern lower till and 
the Wentworth Till from the Simcoe and Ontario lobes, respectively. The origin of the 
hummocky topography was similar. The Ontario lobe apparently underwent consider 
able contraction at this time and vast quantities of sand and silt were deposited, prob 
ably in bodies of water impounded to the north of the waning ice sheet. However, the 
behaviour of the Simcoe lobe is not as well recorded as that of the Ontario lobe and it
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Bolton Area

is possible that the Simcoe lobe did not undergo very much contraction. The Gibraltar 
Moraine in the Bolton area is very close behind the inner strand of the Singhampton 
Moraine. Till, distinct from that attributed to the Singhampton advance of the Simcoe 
lobe, i.e., northern lower till, and which could be attributed to the Gibraltar advance, 
has not been identified in the report-area. Chapman and Putnam (1966) indicated that 
the Singhampton and Gibraltar Moraines merge just north of the Bolton area although 
they are well separated farther to the north. This evidence suggests that the Simcoe lobe 
underwent little alteration at the same time as the Ontario lobe contracted to the south. 
Thus the front of the Simcoe lobe either (a) melted back a short distance so that similar 
till was deposited in both the Singhampton and Gibraltar advances or (b) the ice re 
ceded slightly behind the Singhampton position and constructed the Gibraltar Moraine. 
In either situation, there was a meltwater channel between the Gibraltar ice and the 
high ground in front, in which the gravels were deposited and the meltwater flowed into 
the main Orangeville channel through a breach in the Singhampton Moraine. Behind 
the moraine, the ice stagnated in the west and produced the hummocky ice contact 
deposits but in the east silts and clays were deposited in early Lake Schomberg.

In the meantime, the Ontario lobe was advancing again over a wide front, depositing 
the Halton Till in the Bolton area and in the area to the south (Karrow 1963) and the 
Leaside Till to the east (Karrow 1967; 1969; 1970). This time the Ontario lobe over 
rode the Escarpment slopes west of Inglewood and left a narrow band of thin, silty 
loam till just above the edge of the Escarpment. However, the lobe did not cover the 
Escarpment slopes south of Caledon and Sleswick and the ice stagnated leaving isolated 
patches of till and a variety of typical frontal ice features along the lower slopes. West 
and east of Mt. Wolfe, the Ontario lobe did not advance beyond a line between the 
present villages of Palgrave and Lloydtown. East of Lloydtown, a road-cut has Halton 
Till overlying Lake Schomberg-type sediments which gives an indication of relationships 
between events in the Simcoe and Ontario lobes. A similar section was not seen any 
where else in the area. Farther east, the Ontario lobe was stopped in its northern advance 
by the high ground between Pottageville and Eversley. In the west, the meltwaters 
drained off to the southwest to form the ancestral stream of the Credit River.

The disappearance of the Halton ice was followed, probably a short time afterwards, 
by minor advances of both the Simcoe and Ontario lobes. The Simcoe lobe advanced 
over the early Lake Schomberg deposits and deposited the silty clay northern till which 
laps up over the Halton Till southeast of Lloydtown. This Simcoe advance appears to 
extend as far west as Ballycroy but the deposits are thin and irregular. In the east, the 
ice flowed around the high ground between Pottageville and Eversley. Then as the ice 
melted, the meltwater was impounded in small temporary lakes between the ice front 
and the high land. Some of these early high-level lakes drained across the heights-of-land 
to flow south towards the Ontario Basin. As the ice front receded and the lake levels 
dropped, the deposits of late Lake Schomberg were formed. No moraine was identified 
at the outer limit of this advance of the Simcoe lobe but the advance might be the 
same as that which formed the Banks Moraine to the north. Prior to this last advance, 
the northern part of the report-area was probably drained to the north by a stream 
flowing in the valley of the upper reaches of the present Humber River. With the 
advance of the ice, the drainage would be disrupted and the waters impounded in front 
of the ice. This ponding is believed to have been in the vicinity of Palgrave and to 
have persisted until the waters overflowed to the south through the Palgrave Moraine.

In the meantime, the Ontario lobe advanced up the wide depression occupied now 
by the Main and the West Humber Rivers and their several tributaries. The ice ad-
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vanced over glaciolacustrine sediments up to the Gooseville Moraine position depositing 
the fine-grained Wildfield Till and constructing a low morainal ridge. The ice did not 
remain long in this position but melted back to the Trafalgar Moraine (Karrow 1963; 
Chapman and Putnam 1966) at which position it impounded the waters of glacial Lake 
Peel.

Glacial Lake Peel appears to have been supplied by the overflow from the impound 
ing of the ancestral upper Humber River and by the overflow from the drainage from 
Lake Eversley. The upper Humber waters flowed southward but were diverted eastward 
around the Gooseville Moraine and almost joined with the stream from Lake Eversley. 
The ancestral Humber and East Humber Rivers may have shared a common delta in 
Lake Peel even before they joined as one stream at Woodbridge.

Lake Peel appears to have had an almost constantly changing level although, as 
indicated above, the water-plane may have been fairly steady on several occasions. From 
a maximum elevation of about 750 feet to 775 feet, Lake Peel receded to about 525 feet 
at which level it was no longer in the map-area. About 12,000 years B.P., the proglacial 
waters fell to the level of Lake Iroquois, approximately 400 feet above sea level, south 
of the report-area. All of these water levels as well as the present level of Lake Ontario, 
have acted as base-levels for the Humber and Credit Rivers as shown by Roberts (1963) 
in his presentation of the relationship of the development of the Humber River terraces 
to the various water levels.

The glacial history and stratigraphy of the Bolton area is summarized in Figure 9-

ECONOMIC GEOLOGY

The proximity of the Bolton area to Metropolitan Toronto and, to a lesser extent, 
to Hamilton, places considerable importance on the mineral resources of the map-area. 
For many years the Bolton area has been a major source of sand and gravel supplies for 
Toronto and Hamilton, and with the economic and geographic expansion of the two 
cities and the surrounding communities, demand for these materials can be expected to 
increase (Hewitt 1962; Hewitt and White 1969). At the same time, the increase 
demand on the same area to supply space for housing, industry, and recreation has led 
to the proliferation of legislation restricting further development of sand and gravel 
operations (Blair 1965). This situation, with the apparent conflicting points of view, 
emphasizes the need for long-range planning, controlled growth, and serious considera 
tion of multiple-land use.

For many years also, the inhabitants of the area have relied on groundwater as the 
source of their water supply. With the expected increase in population, the demand for 
more groundwater will certainly increase as will the need for the prevention of pollution 
of potential supplies. Ultimately, if the population of the area increases to a high density, 
the demand for local groundwater may actually decrease if water is brought into the area.

The development of the two metropolitan areas and the surrounding urban areas 
has, in recent years in particular, brought a considerable increase in construction activity 
in the Bolton area. This is seen not only in the construction of housing, commercial 
and industrial establishments, and the provision of associated municipal services but 
also in the construction of more and higher quality roads, highways, and railroads and 
other major engineering works such as dams, bridges, etc. The Pleistocene deposits of 
the area provide the base on which these structures rest, material which often must be
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NORTHERN UNITS 
Tills deposited by ice 
moving out of the northeast 
from the Lake Simcoe Basin.

SOUTHERN UNITS 
Tills deposited by ice 
moving out of the southeast 
from the Lake Ontario Basin.
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Figure 9-Diagrammatic summary of Quaternary stratigraphic units and Quater 
nary geological history of the Bolton area.
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moved, improved, or replaced in large quantities as well as the aggregate supplies for 
the structures themselves.

Thus, the character of the Pleistocene deposits of the Bolton area has a profound 
effect upon the economy and the environment of the residents not only of the Bolton 
area but also of the nearby metropolitan areas.

Sand and Gravel

The location of many sand and gravel pits is given on Geological Map 2275 (see 
back pocket). These pits include both private and commercial pits, whether operating 
or abandoned. Details of the major operations in the area are given elsewhere (Hewitt 
and Karrow 1963; Hewitt and White 1969).

Sand and gravel deposits in the Bolton area are found in a variety of geological 
environments, the more important of which are discussed below.

MAJOR VALLEY DEPOSITS

Many of the larger sand and gravel operations are located in deposits along the 
valleys of the Main Humber, East Humber, and Credit Rivers. These deposits were 
laid down as valley fill in valleys existing prior to the advance of the Halton ice. As 
a result, many of the deposits are overlain by a veneer of Halton Till (Photo 27) and 
have been revealed in valley walls only as the present valleys have been formed. In 
some localities, the overlying till was stripped off while the present valley was being 
formed, leaving the sand and gravel exposed with very little overburden. Such situations 
probably provided the sites for the early sand and gravel operations in the area.

The quality of the material in these valley deposits is variable. In some pits, the 
sand content is dominant and the material is used largely for fill, but in other pits high 
percentages of gravel are extracted. The bulk of the material is made up of limestone 
and Precambrian igneous and metamorphic rocks, but high percentages of slabby Dundas 
siltstone may be present. The siltstone content is higher in the deposits in the Main 
Humber and the lower reaches of the East Humber Rivers.

BURIED BEDROCK VALLEY DEPOSITS

Valleys cut into the bedrock surface in preglacial or pre-Wisconsinan time probably 
had alluvial sands and gravel deposited along part of their length. Where the orientation 
of such valleys coincided with the direction of movement of the ice sheet, the alluvial 
deposits would probably be removed and the valley floor and walls eroded by the ice. 
Where the bedrock valleys were oriented transverse to the direction of ice movement, 
the alluvial deposits may have been preserved and buried beneath a cover of glacial 
deposits. This latter situation appears to be the setting for the gravel deposit worked 
by Consolidated Sand 8t Gravel, Limited (now amalgamated in S. P. & M. Materials 
Limited) in lot 10, concession VI E, Chinguacousy Township. The deposit is set in 
a bedrock valley, 40 feet to 50 feet deep, which trends northeast to southwest and is
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ODM8967

Photo 27-Halton Till overlying sand and gravel. Lot 20, concession IX, Vaughan Township.

covered by a thin veneer of Halton Till and fine sands. The lithology is quite different 
from other gravel deposits in the area (Hewitt and Karrow 1963) and a pre- 
Wisconsinan age for the deposit is suggested.

Other buried bedrock valleys occur in the Bolton area and some at least are oriented 
at right angles to the direction of ice movement. Detailed geophysical studies of suitable 
areas would undoubtedly reveal other buried valleys with possible useful gravel deposits.

MELTWATER CHANNEL DEPOSITS

Gravel deposited in channels formed by glacial meltwater flowing at the front edge 
of a glacier (the "spillways" of Chapman and Putnam 1951; 1966) provides a major 
source of supply for the sand and gravel operations in the Bolton area.

Three such channel deposits are identified as follows:
(1) One channel extends from Sleswick to Caledon and continues to the southwest 

out of the map-area.
(2) The second channel, seemingly continuous with the one above, but probably 

younger, extends north from Sleswick, through Mono Mills into the Nottawasaga River 
valley (Photos 14, 15).

(3) The third channel starts at Albion and extends southwest to Inglewood where 
it merges with the deposits of the Credit River Valley.

In all three deposits, a variable thickness of up to 10 feet of sands and silts overlies 
gravels of variable thickness and quality. The Sleswick to Caledon channel deposit has
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Photo 28-Caledon Meltwater Channel gravel deposit. Lot 13, concession l E, Caledon 
Township.

been the one with the greatest economic value in past years and several large operations 
are current in the Caledon area (Photo 28). Gravel content is high in the Caledon 
area but decreases towards Sleswick. Siltstone content is high in some pits but appears 
to be variable.

The channel north from Sleswick is very narrow to Mono Mills, but from Mono 
Mills north to the boundary of the map-area, the channel is up to l mile wide. Three 
commercial operations were located in this deposit at the time of the field work and 
considerable test pitting was in evidence. In the area north from Mono Mills, the 
gravel content appears high. Gravel samples taken in this area indicate a lower 
percentage of siltstone fragments in the gravels than in either of the flanking moraines.

The third channel is at the base of the Escarpment slopes. Several pits have been 
opened in the southern end of this channel, but the operations have been on a smaller 
scale than the operations in the higher channel near Caledon. The sand and silt content 
of the deposits in the lower (Caledon East) channel appears higher than in the deposits 
of the higher (Caledon) channel. The ratio of limestone to siltstone fragments is 
variable but similar in both channels. In the Caledon East channel, the water-table is 
generally quite high and swamps are numerous. Unlike the two higher channels, the 
lower channel has two permanent streams, i.e., the Centreville Creek and the Little 
Credit River.

MISCELLANEOUS DEPOSITS

(1) The area mapped as ice contact stratified deposits contains numerous small, 
and some large sand and gravel pits. Only a small number of pits were in operation
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O DM8969

Photo 29-Small pit in Paris Moraine for coarse gravel fill. Lot 7, concession IV W, Caledon 
Township.

during the time of field work. Most of the pits have been worked as sources of sand 
fill, but several pits have economically useful percentages of gravel. The siltstone content 
is not very high but "clay-balls" (usually inclusions of till) are not uncommon.

(2) On the eastern edge of the report-area, near the village of Maple, several large 
pits are in operation in what appears to be an overridden kame moraine. The material 
was apparently deposited prior to the advance of the Halton ice, for a thin veneer 
(± 10 feet) of till can be seen in many localities in the area (Photo 22). The gravel 
content of these pits is between 25 percent and 40 percent but the siltstone content is 
fairly low. Operational details of the pits in this area have been given by Hewitt and 
Karrow (1963).

(3) Minor sources of sand and gravel are as follows:
(a) The coarse, bouldery moraines just below the edge of the Escarpment from 

Mono Mills to the Credit River and on top of the Escarpment in the vicinity of The 
Grange have a high percentage of gravel which has apparently encouraged the opening 
of several pits. The material would probably find its greatest use as a coarse, gravelly 
fill or perhaps as subbase material for a minor road. The quality of the material appears 
to be widely variable (Photo 29).

(b) Sands underlying the Halton Till are plentiful throughout the map-area and 
are suitable as sand fill. The low content of gravel precludes their use as a source of 
coarse-grained material.

(c) Modern alluvial gravels are not believed to be extensive along the present 
river valleys. The modern gravels overlie the older gravels in some places and in such 
circumstances are difficult to distinguish. Generally, the modern gravels are thin in vertical 
extent and variable in quality. They could provide useful small supplies, but it is
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unlikely they could be developed into commercial operations. The major exception to 
this statement is the gravel deposit northeast of Inglewood where modern gravels overlie 
older, postglacial gravels.

SUMMARY

The meltwater channel deposits provide a favourable environment for the location 
of useful gravel deposits with the higher channels providing a higher percentage of 
gravel and fewer water problems than the lower meltwater channel. Buried valleys also 
may provide suitable environments for gravel deposits but are not readily recognizable. 
Geophysical exploration techniques may prove useful in the location of as yet unknown 
deposits.

The common deleterious material in the gravel deposits of the Bolton area is siltstone 
occurring in slabby fragments. It may be present in quantities up to 40 percent of the 
gravel fraction, the higher percentages being found in the meltwater channel deposits 
around the Escarpment and the associated moraines. Siltstone percentages are consider 
ably lower in the eastern half of the map-area. "Clay-balls" and shale fragments may be 
present but usually only in small quantities.

Groundwater

From 1946 to 1967 over 4,500 holes were drilled or bored in the search for water 
supplies in the Bolton area. Details of these holes are available in the files of the 
Ontario Ministry of the Environment.

Water is obtained in a number of environments and at a variety of depths, from a 
dug well a few feet below the ground surface to a drilled well tapping supplies several 
hundred feet below ground surface. Several properties are supplied by springs and at 
least one artesian supply is used. Nevertheless, in some parts of the Bolton area, some 
residents have found it difficult to obtain an adequate water supply.

Water quality is generally good, except for high hardness, where the water is 
obtained from the glacial drift. Below the Escarpment, water obtained from bedrock 
is generally high in salt content and not suitable for domestic consumption. Above the 
Escarpment, most wells are completed in bedrock with a hard but otherwise good 
quality supply resulting. Typical analyses of water from the drift and bedrock are as 
follows: 
Hole Laboratory

Number

W 4728
W 4729

Hardness
as CaCOg
(ppm)

2010
290

Alkalinity
as CaCO3

(ppm)
176
294

Iron
asFe

(ppm)
2.52
0.23

Chloride
as CI
(ppm)
4400

630

pHat
Laboratory

7.4
7.9

Fluoride
as F

(ppm)
—
—

A 
B 

Hole A was sunk to a depth of 66 feet into bedrock.
Yield: 4 gallons per minute.

Hole B was sunk to a depth of 28 feet stopping at the bedrock surface. 
Yield: 1-2 gallons per minute.
The holes were located 500 feet apart on the one property in concession VII, Toronto 

Gore Township.
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The analyses were conducted by the Ontario Ministry of the Environment (formerly 
Chemical Laboratories, Ontario Water Resources Commission) August 4th, 1964.

Probably the most critical part of the report-area, insofar as water supplies are 
concerned, is Toronto Gore Township and adjacent areas of Vaughan and Chinguacousy 
Townships. Here the drift which is mostly fine-grained till is fairly thin and bedrock 
is close to the surface. Unless a hole intersects a coarse-grained water-bearing stratum 
within the till, the hole may not encounter suitable water supplies before bedrock is 
reached. Farther north and west of Toronto Gore Township, the Halton Till usually 
overlies an extensive and thick deposit of sand which commonly provides an adequate 
water supply.

In the south-central part of the map-area, the critical factor for an adequate water 
supply is the presence of a buried valley. Several of these buried valleys and their 
tributaries are in the south-central part of the map-area and wells completed in the 
alluvial fill of the valleys usually provide an adequate domestic or rural supply. Holes 
bored away from the buried valleys may not encounter any suitable water supply before 
bedrock is reached.

In the northeastern part of the map-area, very few wells have had to go to bedrock. 
The drift in this part of the area is up to 700 feet thick and most wells have been com 
pleted at depths between 100 feet and 300 feet.

Clay Products

No clay product manufacturers are at present located in the map-area. Several 
manufacturers using shale are located to the south of the area and one manufacturer 
outside of the map-area but in North York, makes use of glacial clay in the manufac 
ture of brick and tile (Wilson 1963; Guillet 1967).

The Wildfield Till and clay facies of the Lake Peel deposits could possibly provide 
useful raw material for the clay products industry. However, the high carbonate content 
(between 17 percent and 46 percent), the high pebble count (which although generally 
low, may be as much as 9 percent), the general heterogeneity, and the limited thickness 
of the units probably preclude the economic use of the material.

In the northern part of the area, the fine-grained materials of the northern upper 
till and Lake Schomberg deposits are even less likely to be useful as source materials. 
These units have a lower range of clay content (21 percent to 50 percent), have less 
plasticity (LL 27 to 35, PI 10 to 16), and have a higher carbonate content (32 percent 
to 52 percent) than the Wildfield and Peel deposits (clay content 16 percent to 64 
percent, an LL 23 to 48, PI 7 to 24, and carbonate 17 percent to 46 percent).

Peat and Marl

There are numerous small deposits of peat throughout the map-area. Several larger 
deposits also occur and many of these are shown on Geological Map 2275 (back pocket). 
Some of the larger deposits, at the time of the field work, had been or were being, 
commercially operated and others were apparently in various stages of preparation. 
Some of the deposits which were probed are over 10 feet in depth and one deposit
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in Albion Township was reported by its owner as over 35 feet in depth. Some deposits 
inspected seem to have a high content of large tree fragments. In other deposits, the 
organic material is much finer in size. The author was informed by local residents that 
some small shallow deposits had been removed completely leaving peat-free areas avail 
able for conversion to a swimming pool, boat pond, etc.

In one deposit in King Township, 10 feet of peat overlie at least 5 feet of marl. 
Marl also occurs under several feet of peat in a deposit in Albion Township and under 
l V2 feet to 2 feet of peat in the trench excavated for the natural gas pipeline along 
Highway 10 in Caledon Township. There was no indication in the area of any com 
mercially operated marl deposits.

A recent publication of the Mines Branch, Department of Energy, Mines and 
Resources, Ottawa, describes the various procedures, techniques, etc. involved in the 
exploitation of a small peat bog in New Brunswick (Tibbits and Kirkpatrick 1964). 
This publication may be of value to persons interested in the commercial operation 
of the peat deposits in the Bolton area.

ENGINEERING GEOLOGY

The Bolton area appears to have few engineering problems that cannot be solved 
by normal engineering practices. The northern part of the area is underlain mostly by 
non-cohesive, fine- to medium-grained soils, generally well drained and in a medium 
dense to dense condition. The southern part is underlain by fine-grained, inactive soils 
of low plasticity in a dense to very dense condition or by medium plastic soils with 
a stiff to hard consistency. The two major geological units in the south, Halton Till 
and Wildfield Till, exhibit a remarkably small range of values of their index properties, 
even though the till masses in situ show the high degree of heterogeneity usually 
associated with tills. At the western edge of the map-area, the geological units have 
an inhomogeneity which is well expressed both in situ and in the laboratory samples.

The engineering characteristics of the major geological units at or near the surface 
are discussed below. The materials have been classified according to:

(1) The system adopted by the Highway Research Board of the United States 
and now widely referred to as the American Association of State Highway Officials 
(A.A.S.H.O.) system, and

(2) The unified soil classification system, originally developed by A. Casagrande 
for the United States Corps of Engineers and modified later by the United States 
Bureau of Reclamation.

Both systems are widely used in Ontario and details of the classifications are avail 
able from E.J. Yoder (1959) and Portland Cement Association (1962). The informa 
tion on which the classifications have been made has been presented in summary form 
earlier in this report (Table 3). The engineering classifications and properties are 
themselves presented in summary form in Table 4.

Also presented in the summary are the "activity" values of the fine-grained soils. 
The "activity" of a clay soil was defined by Skempton (1953) as the ratio of the 
plasticity index to the percent clay-size fraction in the soil. The activity value shows 
the contribution of the clay mineral to the cohesion and plasticity properties of the 
soil. Skempton gave three classes of activity as follows:
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Inactive clay activity < 0.75
Normal clay activity 0.75 to 1.25
Active clay activity > 1.25

All soils for which the activity values were determined in this project are classed 
as "inactive". No activity value exceeded 0.73 and most values were between 0.2 and 
0.5. These figures indicate the absence of significant quantities of clay minerals and 
suggest the presence of high percentages of "rock flour" in the clay-size fraction.

Halton Till

The Halton Till is the most common geological unit at the surface in the Bolton area. 
Texturally a loam to silt loam, most samples are classified as a clay of low plasticity 
(CL) or the borderline CL-ML in the Unified system. In the A.A.S.H.O. system, 85 
percent of the samples are in group A-4 with most group indexes between 5 and 8. 
The other 15 percent of the samples are in group A-6.

Strength tests were not conducted by the author but undrained shear strengths 
between 2,000 and 6,000 psf have been reported (Golder & Associates 1962b; James F. 
MacLaren Ltd. 1963). Laboratory consolidation tests support field evidence of over 
consolidation, and pre-consolidation loads of at least 7,500 psf are indicated (Golder 
and Associates 1962b). Field tests (Golder and Associates 1962b) and estimates based 
on grading curves indicate permeabilities in the range from l X 10"5 to l X 10"7 
centimetres per second. The presence of lenses of stratified material (silt, silty clay, 
etc.) which is not uncommon in Halton Till may effect considerable modification of 
the above values when a large mass of material is considered rather than a small sample.

The Halton Till has been recommended (Golder and Associates 1962b; James F. 
MacLaren 1963) for use in earth fill embankments for the several dams proposed for 
construction along the several branches of the Humber River. Similar material was 
used in the construction of a small dam at Claireville, just south of the map-area.

Used as a subgrade, Halton Till is susceptible to frost heave and would probably 
suffer considerable loss of strength if the moisture content was high. Normally, the 
in situ moisture content is at or slightly above the plastic limit.

Occasional large boulders in the till may cause delays during excavation especially 
in the preparation of narrow trenches for foundations, pipelaying, etc.

Wildfield Till

Seventy-five percent of the samples of Wildfield Till which is a finer grained and 
more plastic material than Halton Till, are classified in group A-6 and the remaining 
25 percent in group A-7-6 in the A.A.S.H.O. system. Use of the unified system would 
put all Wildfield samples in the CL category but as the liquid limits are in excess of 
30 a category of CI (clay of intermediate plasticity) would be appropriate.

The Wildfield Till is normally thin but in the vicinity of valleys it is as much as 
15 feet thick. Engineering test results specifically on Wildfield Till are not available, 
but samples from some of the upper more clayey phases of Halton Till which have 
been tested are possibly samples of Wildfield Till. The strength of Wildfield Till can
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be expected to be similar to the Halton Till. Compressibility is also likely to be low, 
pre-consolidation being accounted for by desiccation. Permeability would be lower on 
account of the higher content of clay-size particles.

Mostly because of lower permeability, the Wildfield Till is not as frost susceptible 
as the Halton Till.

Lacustrine-Wildfield Till Complex 

(Deposits of Glacial Lake Peel)

Samples of stratified material deposited in glacial Lake Peel are classified in 
A.A.S.H.O. groups A-4, A-6, and A-7-6 and in the CL and CL-ML groups in the 
unified systems. The classifying of these sediments in several A.A.S.H.O. groups 
undoubtedly reflects the variety of the depositional environments in a shallow, con 
stantly changing, proglacial lake. The irregular distribution of these sediments on an 
undulating surface of Wildfield or Halton Till produces a situation where there would 
be numerous changes in soil detail along even a short length of road line.

Intertill Sands, Silts, and Clays

These materials have been described earlier as occurring under and in the Halton 
Till sheet. Although numerous in bore holes, they can be seen readily in many sections 
along the walls of the present valleys. Their presence in the valleys has attracted con 
siderable attention in the consideration of dam-sites along the three branches of the 
Humber River (Golder and Associates 1962b; James F. MacLaren Ltd. 1963).

Sediments with a considerable range of textures and densities occur, although silts 
are probably the dominant size together with quantities of fine sand and clay. As a 
result, permeabilities can range from as high as l centimetre per second to l X 10~8 
centimetres per second. This range is considered to be in the material at the site of 
the proposed dam upstream from the Boyd Conservation Area near Woodbridge 
(James F. MacLaren Ltd. 1963). In contrast with the low (close to zero) values of 
liquidity index (Terzaghi 1936) in the Halton Till the liquidity indexes of the 
underlying sediments may be between 0.5 and 1.0. Also these sediments include some 
layers of highly plastic clays (LL ^ 60, PI = 40). Undertill sediments at the proposed 
Ebenezer damsite are reported to have a range of undrained shear strength from 200 
psf to almost 15,000 psf (Golder and Associates 1962b). At the proposed damsite at 
Bolton, samples of the undertill sediments taken from a bore hole in the valley floor 
have a range of unconfined compressive strengths from 1,400 psf to 4,800 psf (James F. 
MacLaren Ltd. 1963).
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Wentworth Till

The Wentworth Till at the western edge of the map-area has a variety of textures 
and appearances from the very gravelly material in the Paris Moraine to the red, sandy 
loam to loam around Caledon and the brown sandy loam in the vicinity of The Grange. 
Most samples (five) from the western edge of the report-area are classified in the 
A.A.S.H.O. system into the A-4 group; all have low group indexes (1-5). In the unified 
system most (six) samples are classified as SM and two samples as ML.

The Wentworth Till would appear to be good in situ foundation material and to 
provide good strength and low compressibility when compacted. Most areas underlain 
by Wentworth Till would be susceptible to frost action, especially in areas where the 
silt content of the till was high. Large boulders are common in the till and may hinder 
excavations done with light equipment.

Northern Lower Till

The northern lower till is classified into several groups in both the A.A.S.H.O. and 
unified systems. This is probably an indication that materials of different origins are 
grouped together in this report as northern lower till. In the A.A.S.H.O. system, groups 
A-4, A-2-4, and A-l-b are involved, the samples in group A-4 having low (2-3) group 
indexes. The samples from the Kettleby road-cut are grouped in A-4(7) and A-6(8). 
In the unified system the samples are classified into groups GM, SP, and SM with the 
Kettleby road-cut samples in group CL

Although classified into a number of quite different groups, the groupings do 
coincide with geographic areas. The coarse-grained "varieties" occur at or above the 
Escarpment, the fine-grained samples (A-4(7), A-6(8), or CL) are confined to the 
Kettleby road-cut and the other samples to the area below the Escarpment.

The material above the Escarpment contains numerous large boulders especially in 
the moraine ridges and is close to being non-frost susceptible. Like the Wentworth Till, 
the above-Escarpment facies of the northern lower till would probably have a good 
strength and a low compressibility when compacted.

The northern lower till below the Escarpment is probably frost susceptible but at 
the same time it could be easily drained. From the appearance in the field, the low 
percentage of clay-size particles provides just enough binder to give a good strength 
with low compressibility after compaction.

The high clay content (23 percent to 27 percent) variety of the northern lower 
till appears to be present only in the Kettleby road-cut and is not exposed in the 
map-area.

Northern Upper Till and Deposits of 
Early and Late Lake Schomberg

Samples taken of these three materials are all classified as CL in the unified system 
and in the A.A.S.H.O. groups A-4(8) and A-6(9-10). The grouping of these three
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materials is not surprising as they are sometimes difficult to distinguish in the field. 
The till was derived from the early Lake Schomberg deposits when they were overridden 
by the ice. The late Lake Schomberg deposits were deposited in front of the ice sheet 
which deposited the till.

Although having a high content of clay-size particles (27 percent to 45 percent), 
the high carbonate content (38 percent to 52 percent) has probably kept the material 
moderately plastic (LL 27-35, PI 10-16). These three geological units do, however, 
form the most plastic material in the northern part of the map-area and are only 
exceeded in this regard, in the map-area, by the Wildfield Till and some of the sediments 
of Lake Peel.

Ice Contact Stratified Deposits

Fine sands and silts are the most plentiful material in the deposits, although there 
are large quantities of medium-coarse sands and gravels. In some areas, silts occur 
almost exclusively, apparently representing deposits in temporary glacial lakes. A 
hummocky topography is associated with these deposits and although most areas are 
well drained, there are depressions which are waterlogged. There are numerous small, 
and several large, peat deposits throughout the area.

Cut-and-fill operations are commonly required in the area. Compaction can be 
difficult where the material is of a uniform size. Although much of the material (e.g., 
silty sands) in the area is subject to frost heave, the problem is much reduced where 
the drainage is good.

Peat, Muck, and Swamp Deposits

Numerous deposits of small areal extent are present throughout the map-area, but 
only the larger ones are shown on the map in the back pocket. Few deposits appear 
deep and some that are deep are being commercially exploited.

Early roads seem to have had corduroy tracks or detours to overcome the problem 
of these deposits. Present engineering practice involves excavation and replacement by 
good quality fill or displacement techniques.

General

The recession of slopes is a natural process in the normal development of valleys. 
The activities of man will sometimes hasten the process at a particular location, but at 
the same time, the geological nature of the material in the slope is very important. 
Along the major valleys in the Bolton area, slope instability is increased in many areas 
by the presence of stratified sediments under a capping of a material such as Halton 
Till. Under such circumstances, seepage may cause undercutting and resultant mass 
movement on the slope. Lenses of stratified sediments in a till sheet may produce 
similar results. Similar circumstances can also occur in deep road-cuts.
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A landslide in the Humber Valley south of Woodbridge in the early 1900s is said 
to have interrupted the service of the Toronto Suburban Railway. A small slide took 
out part of a minor road near Kleinburg in 1963 and several other slides were reported 
to the author during the field work. A road-cut through the south wall of the Credit 
River Valley south of Inglewood has a section through two adjacent rotational slump 
blocks apparently recording an event in prehistoric times.

Buried valleys are numerous in the Bolton area and are important as potential 
sources for groundwater supplies and, possibly, sand and gravel deposits. Where the 
buried valleys are closely associated with the modern valleys, the location of the buried 
valleys must be considered when damsites on the modern valleys are under investiga 
tion. The sediments in the buried valley fill should be investigated to check for undesir 
able under-seepage effects and possible irregular settlements below the dam embankment. 
The Claireville Dam constructed just south of the map-area and the proposed Ebenezer 
Dam in the map-area both have a buried valley below one of the dam abutments 
(Golder and Associates 1962a, b).

The Dundas Shale (Georgian Bay Formation) which underlies much of the map- 
area breaks down rapidly on exposure to the atmosphere. Where excavations are to 
be made in the shale and a high quality, finished-dimension and rock condition is 
desirable, it may be necessary to protect the newly exposed surface. At the Claireville 
Dam, where the dam works were founded directly onto rock, the contractor was 
required to cover the freshly excavated surface with a bituminous membrane within 
four hours of the first exposure of the rock.

Another feature of the bedrock of possible engineering significance is the presence 
of minor structural features close to the bedrock surface. In the discussion on bedrock 
above, minor folds are reported in the walls of Salt Creek, Toronto Gore Township 
and in a small creek near Woodbridge. A thrust fault is also reported at Claireville, 
about one mile south of the map-area. Such features may have resulted from the relief 
of high horizontal residual stresses in the bedrock and these structures may therefore 
indicate the presence elsewhere in the area of similar but unrelieved stresses.
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METRIC CONVERSION FACTORS

Linear Measure
l kilometre ^ 0.6214 mile 

l metre = 39-37 inches 

l centimetre ^ 0.3937 inch

Square Measure
l square kilometre = 0.3861 square mile

Gradient
l metre per kilometre ^ 5.280 feet per mile

Map Scale (ratio)
l inch to V4 mile — l : 15,840
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LEGEND

CENOZOIC
QUATERNARY

RECENT

17 Modern alluvium: silt, sand, gravel.

16 Peat, muck, marl.

15 Older alluvium: sands, si/ts and 
gravels on elevated terrace rem 
nants.

14 Alluvial gravels: usually covered 
with several feet of sand.

13 Deltaic and lacustrine sands, some 
silt and gravels.

12 Lacustrine silt and clay, some sand: 
usually stratified or varved (deposits 
of glacial Lake Schomberg in the 
north).

11a LACUSTRINE-WILDFIELD TILL 
COMPLEX: stratified or non-strati 
fied silt loam, silty clay loam or clay 
deposits. May contain grits, silt balls 
or pebbles and may be interbedded 
with layers of till-like material. Car 
bonate concretions common. Oc 
curs as thin discontinuous veneer 
over Wildfield Till, (deposits of gla 
cial Lake Peel)

11 b Conglomeratic, lacustrine deposits: 
thin, fine-grained, conglomeratic 
deposits near Eversley, King Twp. 
(deposits of glacial Lake Eversley)

10 WILDFIELD TILL: dark grey silty 
clay loam, clay loam, silty clay or 
clay till. Silt balls and stratified ma 
terial may be included. Occasionally 
conglomeratic.

9 Northern upper till: light grey silty 
clay loam to clay till.

8 HALTON TILL: brown loam to silt 
loam till.

7 Gravel .-outwash gravel usually cov 
ered by several feet of sand.

6 Sand f deposited in meltwater chan 
nels—often underlain by gravels.

5 Ice contact stratified drift: sand, 
gravel and (locally) silt. Structure 
often disturbed. Of kame, outwash 
and collapse origin. Is frequently 
exposed along river valleys.

4a Northern lower till: light brown and 
red sandy loam to loam till.

4b Northern lower till: light brown very 
gravelly sandy loam till.

4c Northern lower till: light brown-grey 
gravelly loam to sandy loam till.

3a WENTWORTH TILL: red, sandy 
loam till, (possibly a Cary [pre-Port 
Huron] till)

3b WENTWORTH TILL: light brown 
gravelly sandy loam and loam till. 
Considerable stratified material.

2 Bedrock—drift complex.

PALEOZOIC
SILURIAN

1a Amabel Formation.
1b Clinton and Cataract Groups.

1c Queenston Formation.
1d Dundas-Meaford Formation.

-1375-

SYMBOLS

County boundary. 

Township boundary. 

Topographic contours. 

Drum/in. 

Individual Kame 

Ice block depression. 

Spillway; water cut channel.

Morainal topography.

Geological boundary, position inter 
preted.

Sand ridge.

Quarry,

Sand and gravel pit.
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and 1965. by P. F. Karrow and assistants, 1982

Aerial photography: Forest Resources Inventory, 
Ontario Ministry of Natural Resources; National Air 
Photo Library, Department of Energy, Mines and Re 
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Pedology: Soil Surveys of Peel, York, Simcoe and 
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Magnetic declination in the area was approximately 
7" West in 1966.
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