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Executive Summary 

Background 

¢ƘŜ ¢ƻǿƴ ƻŦ ²ŀƭƪŜǊǘƻƴΩǎ ŎƻƴǘŀƳƛƴŀǘŜŘ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǘǊŀƎŜŘȅ ƛƴ нллл ǇǊƻƳǇǘŜŘ ǘƘŜ 
ƛƴǘǊƻŘǳŎǘƛƻƴ ōȅ ǘƘŜ DƻǾŜǊƴƳŜƴǘ ƻŦ hƴǘŀǊƛƻ ƻŦ ƴŜǿ ƭŜƎƛǎƭŀǘƛƻƴ ǘƻ ǎŀŦŜƎǳŀǊŘ hƴǘŀǊƛƻΩǎ ŘǊƛƴƪƛƴƎ 
water supplies. The Clean Water Act, 2006, is one piece of this legislation. Essentially, the Act 
requires communities to develop science-based protection plans for their existing and future 
drinking water sources. 

This Assessment Report is the foundation of the Source Protection Plan for the Hamilton 
Region Source Protection Area. The Area comprises lands within the municipalities of the 
City of Hamilton, the Township of Puslinch/County of Wellington, and the Town of 
Grimsby/Niagara Region. It is partially served by two municipal drinking water systems 
located within the Source Protection Area and operated by the City of Hamilton, partially by 
a municipal system in the neighbouring Niagara Peninsula Source Protection Area, and 
partially by private services. 
 

¶ The Woodward system and neighbouring Grimsby system take water from Lake 
Ontario and distribute it to approximately 96.7 percent of the population within the 
Hamilton Region Source Protection Area.  

¶ The Greensville well system, situated within Middle Spencer Creek, a subwatershed 
of the Spencer Creek watershed, serves 0.03 percent. 

¶ The remaining nearly 3 percent of the population rely on private systems, including 
wells and cisterns.  

Significant Findings 

Building upon an analysis of the characteristics of Hamilton Area watersheds, water budgets 
were completed to assess the availability and use of water supplies within the Area. Water 
quantity stress assessments were then completed to identify areas requiring further study. 
Finally, threats to water quality from ongoing, potential, or past activities were identified, 
and the associated risks were assessed.  
 

¶ Existing stresses on surface water quantity: This Assessment Report identifies 5 
subwatersheds that are significantly stressed and 9 that are moderately stressed 
based on monthly demand on the available surface water supply. The municipal 
surface water intakes in the Source Protection Area are located in Lake Ontario and 
not within these stressed subwatersheds.  Therefore, under the Clean Water Act, 
2006, these 14 stressed subwatersheds do not warrant further study. 

¶ Existing stresses on groundwater quantity: This report also identifies three 
subwatersheds that are stressed based on monthly and/or annual demand on 
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available groundwater supply. These include the Middle Spencer Creek 
subwatershed, in which the Greensville municipal well system operates.  

¶ Future risks to groundwater quantity: Based on the findings of the stress 
assessment, an assessment of the risks from overuse, drought and reduced recharge 
on the Greensville municipal wells was completed. The risk of having water quantity 
issues is low. 

¶ Existing stresses on source water quality: Neither of the two municipal drinking 
water supplies within Hamilton Region Source Protection Area has existing water 
quality issues that could render the supplies unusable. Also, neither water supply 
exhibits a significant threat due to conditions resulting from past land use activities.  

¶ Existing and future risks to source water quality: Only within the Greensville 
wellhead protection areas are vulnerability scores high enough to pose potential 
significant threats to groundwater quality. Existing activities that could cause an issue 
at the wells are associated with sewage systems. The numbers of occurrences of this 
drinking water threat in the Hamilton Area are documented in Section 7 of this 
Assessment Report. Modelling results also show existing risks to Lake Ontario water 
quality from activities occurring within and outside the Hamilton Region Source 
Protection Area. 

Follow Up 

This Assessment Report is a living document. It will beis reviewed and updated periodically in 
compliance with the Clean Water Act and as data/information becomes available that could 
affect the Source Protection Plan. The first Source Protection Plan and Assessments Reports 
for the Halton-Hamilton Source Protection Region (HHSPR) came into effect on December 
31, 2015. At the same time, the Minister of the Ministry of the Environment, Conservation 
and Parks (MECP) issued an order requiring the submission of a workplan in 2018 to review 
the Source Protection Plan and Assessments Reports per Section 36 of the Clean Water Act. 
Accordingly, a workplan was developed by HHSPR staff and submitted to MECP. The Minister 
then issued an amended order in March 2019 requiring certain updates and leading to the 
second round of source protection planning. This Assessment Report addresses the 
aƛƴƛǎǘŜǊΩǎ ŀƳŜƴŘŜŘ ƻǊŘŜǊ ŀƴŘ ŀŘŘƛǘƛƻƴal necessary updates for the protection of municipal 
drinking water sources. 
 This report identifies technical work that will be included in a work plan for a review and 
update of the Source Protection Plan required to be submitted to the province by November 
30, 2018. The work will be completed over the next few years when funding is available. This 
update to the Assessment Report is focused on the Greensville municipal well field 
assessments. However, other edits were made to fix typographical and formatting errors and 
provide clarity, where needed. The work plan will propose a more substantive review and 
update.    
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1. INTRODUCTION 

 
In this section: 

¶ ! ōǊƛŜŦ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ƘƛǎǘƻǊȅ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ōŜƘƛƴŘ ǘƘŜ Ǉƭŀƴǎ ǘƻ ǇǊƻǘŜŎǘ hƴǘŀǊƛƻΩǎ 
drinking water   

 
 
 
 
 
 
1.1 The Source Protection Planning Process 

In May 2000, seven people died and over 2,300 became ill in Walkerton, Ontario as a result 
of a contaminated municipal water supply. This tragedy sparked a major government inquiry 
ƘŜŀŘŜŘ ōȅ WǳǎǘƛŎŜ 5Ŝƴƴƛǎ hΩ/ƻƴƴƻǊΦ ¢ƘŜ ƛƴǉǳƛǊȅ highlighted the need to protect the health of 
hƴǘŀǊƛƻΩǎ ǊŜǎƛŘŜƴǘǎ ōȅ ǇǊƻǘŜŎǘƛƴƎ ǘƘŜ ǇǊƻǾƛƴŎŜΩǎ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊΦ Lƴ Ƙƛǎ ǊŜǇƻǊǘΣ WǳǎǘƛŎŜ 
hΩ/ƻƴƴƻǊ ƛǎǎǳŜŘ ŀ ƭƛǎǘ ƻŦ ǊŜŎƻƳƳŜƴŘŀǘƛƻƴǎΣ ŀƴŘ ǘƘŜ tǊƻǾƛƴŎŜ ƻŦ hƴǘŀǊƛƻ ǎǳōǎŜǉǳŜƴǘƭȅ 
passed new legislation to safeguard OnǘŀǊƛƻΩǎ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǎǳǇǇƭƛŜǎΦ ¢ƘŜ Clean Water Act, 
2006, is one piece of this legislation. The Act sets out to protect existing and future sources 
of drinking water, and thereby protect public health. It is the first step in a multi-barrier 
approach to reduce the risks associated with water contamination and decreasing supplies 
(see Figure 1.1). 

The Clean Water Act requires communities to develop collaborative, locally driven, science-
based protection plans for their existing and future drinking water supplies. The resulting 
Source Protection Plans reflect a watershed-based approach to drinking water protection. 
This approach works to protect surface and ground waters and focuses on maintaining a 
sustainable supply of clean water. Such focus reduces the reliance on water treatment and, 
as part of the multi-barrier approach, helps to decrease risks to drinking water quality and 
quantity. 

 
 

 

In this section: 
! ōǊƛŜŦ ƻǾŜǊǾƛŜǿ ƻŦ ǘƘŜ ƘƛǎǘƻǊȅ ŀƴŘ ǎǘǊŀǘŜƎƛŜǎ ōŜƘƛƴŘ ǘƘŜ Ǉƭŀƴǎ ǘƻ ǇǊƻǘŜŎǘ hƴǘŀǊƛƻΩǎ 
drinking water   
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Figure 1.1 The multi-barrier approach (Federal-Provincial-Territorial Committee, 
2002Conservation Ontario) 

1.2 The Assessment Report and its Focus 

Under the Clean Water Act, Source Protection Areas and Regions were formed as the basis 
for source protection planning and the development of Assessment Reports. The findings 
within these reports form the foundation for ŜŀŎƘ !ǊŜŀΩǎ {ƻǳǊŎŜ tǊƻǘŜŎǘƛƻƴ tƭŀƴΦ The Halton-
Hamilton Source Protection Region is one of 19 similar Regions or Areas involved in this 
process and consists of two Source Protection Areas: Halton Region and Hamilton Region 
(see Figure 1.2).  

The Hamilton Region and the Halton Region Source Protection Areas are generally equivalent 
to the watersheds managed by the two Conservation Authorities: Hamilton Region 
Conservation Authority (Hamilton Conservation Authority) and The Halton Region 
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Conservation Authority (Conservation Halton), respectively. However, there are minor 
adjustments to watershed boundaries to reflect better the drainage within those 
watersheds. This Assessment Report focuses on the Hamilton Region Source Protection Area. 
A corresponding report addresses the Halton Source Protection Area. (Note: within this 
report, the Source Protection Area or Hamilton Area refers to the Hamilton Region Source 
Protection Area unless otherwise identified.) 

The first stage in preparing this Assessment Report was an assessment of the characteristics 
ƻŦ ǘƘŜ IŀƳƛƭǘƻƴ !ǊŜŀΩǎ ǿŀǘŜǊǎƘŜŘǎΦ .ǳƛƭŘƛƴƎ ǳǇƻƴ ǘƘƛǎΣ ǿŀǘŜǊ ōǳŘƎŜǘǎ ǿŜǊŜ ŎƻƳǇƭŜǘŜŘ ǘƻ 
assess the availability and use of water supplies within the Area. Water quantity risk 
assessments were then completed to identify areas requiring further study. Finally, threats 
to the quality of the water supplies from ongoing, potential, or past activities were identified, 
and the associated risks were assessed.  

All studies and assessments described in this report have been completed following the 
provincial legislation and guidance of the Ministry of the Environment, Conservation and 
Parks and Climate Change,. Ontario Regulation 287/07 ς General, and the 2017 Technical 
Rules: Assessment Report (Smith, 2009)  which outline all the requirements for completion 
of Assessment Reports. In addition, all maps have been completed using the symbology 
required. 
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Figure 1.2 Halton-Hamilton Source Protection RegionHHSPR  
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This report was written for the general information and understanding of the public. For the 
legislated definitions, methods, and general requirements for source protection 
assessments, the reader is referred to the Act, regulations, and technical rules. 
(http://www.e -laws.gov.on.ca/ and www.protectingwater.ca).  

The Halton-Hamilton Source Protection Plans introduce policies that will be used to address 
the risks to drinking water supplies. In particular, the Plans address the activities identified as 
existing or potential threats within the Source Protection Area.  

1.3 Participants in the Planning Process 

The Source Protection Planning process is open and transparent with many opportunities for 
government, private sector, and community participants to provide input. The Source 
Protection Committee for Halton-Hamilton Region oversees the development of the Source 
Protection Plans for its two Source Protection Areas. This committee is comprised of nine 
stakeholders and a Chair who live or conduct business within the Source Protection Areas. 
The membership consists of one-third municipal, one-third industrial/commercial, and one-
third general public representation. The Halton-Hamilton Source Protection Committee has 
included representatives from the following stakeholder sectors: 

¶ municipal 

¶ agricultural 

¶ aggregate 

¶ home builder 

¶ commercial 

¶ environmental 

¶ public interest at large 

Representatives from the municipalities and Conservation Authorities that have lands within 
the Halton-Hamilton Source Protection Region have worked cooperatively to complete the 
assessments necessary to produce this report. Conservation Halton is the lead agency for this 
program. The agencies involved include: 

¶ The City of Hamilton 

¶ The County of Wellington 

¶ The Township of Puslinch; 

¶ The Regional Municipality of Halton 

¶ The City of Burlington 

¶ The Town of Oakville 

¶ The Town of Milton 

¶ The Town of Halton Hills 

¶ The Region of Peel  
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¶ The City of Mississauga 

¶ Conservation Halton 

¶ Hamilton Conservation Authority 

Technical experts undertook a critical review of the study methods used in the assessments 
and their results. They reviewed the water budget evaluation and water quantity risk 
assessment, the delineation of vulnerable areas, and the assignment of vulnerability scores. 
Halton-Hamilton Source Protection staff used the direction and comments received from the 
peer reviewers and other stakeholders to improve the assessment process and to benefit the 
source protection program.  

Halton-Hamilton Source Protection staff consulted the neighbouring Source Protection Areas 
ς Niagara Region, Grand River, and Credit Valley ς throughout the development of this 
report, andreport and addressed our common interests. The assessments completed in each 
Source Protection Area used scientific methods appropriate for the local area. Thus, the use 
of different methods to complete the required assessments can result in differences in the 
study outcome and the interpretation and use of the products developed. Hence, caution is 
advised if comparisons are made.   

The municipalities and Conservation Authorities that extend around the Canadian side of 
Lake Ontario from Niagara to Quinte, Environment CanadaEnvironment and Climate Change 
Canada, the Ontario Water Works Research Consortium, and the Ministry of the 
Environment and Climate Change worked together to understand risks to Lake Ontario 
source water. The working group was called the Lake Ontario Collaborative. Consultants 
were retained to undertake studies that focused on watershed impacts to the lake water, 
existing water quality concerns, and on the cumulative impacts in the nearshore 
environment. 

Consultation with the neighbouring Source Protection Areas and the Lake Ontario 
Collaborative continued through the development of policies to reduce risks to drinking 
water. This will assist in encouraging a consistent policy approach for adjoining areas.     

Many stakeholders beyond the sectors represented on the Source Protection Committee 
have provided input into the watershed evaluation and risk assessments summarized within 
this report. The Committee gratefully acknowledges their input. The consultation process on 
the required technical studies and development of this Assessment Report began in 2006. It 
continued throughout the next stage of Source Protection Planning, the writing of policies to 
address the identified threats, and the production of the Source Protection Plan. In order to 
promote two-way communication, the Committee invited residents, business owners, 
municipalities, conservation authorities, and other stakeholders to participate in the process. 
Appendix A summarizes the consultation and collaboration processes followed to date.   
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2. HAMILTON REGION SOURCE PROTECTION  AREA  

 

 

 

 

 

 

 

In this section: 

¶ The location of the Hamilton Region Source Protection Area  

¶ An overview of its physical and human geography  
 
The Hamilton Region Source Protection Area encompasses about 447 square kilometres of 
land at the western end of Lake Ontario. It is a long thin Area, about 52 kilometres in length 
and typically about 11 kilometres wide. The Source Protection Area stretches from the 
Township of Puslinch in the northwest to the Town of Grimsby in the east and is primarily 
within the City of Hamilton. In addition, because it juts up to 11 kilometres into Lake Ontario 
to the international border, the Area includes approximately 130 square kilometres of Great 
Lakes water (see Appendix H Figures 1.2 and 2.1).   

The Hamilton Area is slightly smaller than the watershed managed by Hamilton Conservation 
Authority due to a realignment of the boundaries between Conservation Authorities. This 
realignment was necessary to reflect better the drainage patterns and the extension of the 
in-water area to the international boundary in Lake Ontario. The Hamilton Region Source 
Protection Area borders:  

¶  Grand River Source Protection Area to the west and southwest; 

¶  Halton Region Source Protection Area to the northeast; 

¶  Niagara Region Source Protection Area to the southeast; and  

¶  Lake Ontario to the east.    

Five upper and lower tier municipalities have lands within the Source Protection Area; 
however, only the City of Hamilton (Hamilton) operates municipal water systems within the 
Source Protection Area.  Portions of municipalities located within the Source Protection Area 
are supplied water from the Grimsby water system located in the neighbouring Niagara 
Peninsula Source Protection Area. In total these municipal water systems supply 97 percent 
of the population within the Source Protection Area with reliable, clean drinking water (see 
Table 2.1).      

The Hamilton Region Source Protection Area consists of four relatively large and 15 small 
watersheds. The headwater areas of three of the large watersheds ς Spencer Creek, Red Hill 

 
In this section:  
The location of the Hamilton Region Source Protection Area  
An overview of its physical and human geography  
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Creek, and Stoney-Battlefield Creeks ς form the majority of the surface water divide 
between this and neighbouring Source Protection Areas. The city core of Hamilton makes up 
the Urban Hamilton Core watershed where storm sewers are the conduits of water flow. Of 
the 15 small watersheds, 14 are located in the southern end of the watershed between the 
Niagara Escarpment and Lake Ontario.  

Figure 2.1 Hamilton SPA 
  



HAMILTON REGION SOURCE PROTECTION AREA   SECTION 2  
ASSESSMENT REPORT 
 

 

Version 3.1, October 2017   11  

The final small watershed is the Urban Hamilton Beach Strip, which lies between Lake 
Ontario and Hamilton Harbour. 

Table 2.1 Hamilton Region Source Protection Area Upper and Lower Tier Municipalities 
 

Upper Tier 
Municipality  

Lower Tier 
Municipality  

Area Within 
Hamilton 

Source 
Protection 

Area  
[km²]  

Population in 
Source 

Protection 
Area 1  

 

Percentage of 
Population in Source 

Protection Area on 
Municipal Water 

Supply 2  

County of 
Wellington  

Township of 
Puslinch  

19  438  409  0 

Regional 
Municipality of 
Niagara  

Town of Grimsby  1. 47 407  557   17  

City of 
Hamilton  

 425  429  
455,931  
464,794  

97  

Notes:  1. Populations are based on Statistics Canada Population Census 20161. 
2. The municipal water system supplying the Town of Grimsby and a portion 

of the City of Hamilton is not located within the Source Protection Area. 
 
The Table 2.1 shows the population and percentage on municipal water supply, in 
relation to the source protection areas. Note that the Woodward Drinking Water 
Subsystem is a large municipal residential system that supplies a significant portion of 
IŀƳƛƭǘƻƴΩǎ ǇƻǇǳƭŀǘƛƻƴ ǿƛǘƘ ŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ƛƴŎƭǳŘƛƴƎ {ǘƻƴŜȅ /ǊŜŜƪΣ 5undas, Ancaster, 
Waterdown, and Glanbrook. The population served is estimated at 536,917. The 
Greensville municipal system provides water to 36 homes. The source of the 
information are Annual Drinking Water System reports for 2020.  

2.1 Physical Geography    

Landform patterns, soils, geology, and land cover influence the quantity, movement, and 
quality of water flowing through the Source Protection Area. Therefore, an understanding of 
the natural physical characteristics of the Area is fundamental to the assessment of its 
drinking water sources. Halton-Hamilton Source Protection staff assembled existing data for 
each of these characteristics from known sources.   

2.1.1 Physiography and Surficial Geology: Landforms 

The landforms in the Hamilton Region Source Protection Area are primarily the result of 
glacial activity that took place in the Late Wisconsinan period, ending about 10,000 years 
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ago. During this period, the Laurentide Ice Sheet advanced and retreated in response to the 
climatic conditions of the time and helped to shape the landscape that exists today.  

During deglaciation, the Laurentide Ice Sheet split into lobes that occupied the existing Great 
Lakes basins. The Ontario Lobe advanced over the Hamilton Region Source Protection Area, 
scouring or smoothing the bedrock surface. It left behind the rock, sand, silt, and clay debris it 
carried. When the ice melted, large volumes of meltwater flowed through channels, eroding the 
underlying bedrock and depositing sand and gravel. Meltwater also filled depressions in the 
land surface and formed ponds. Various physiographic regions formed according to the ways in 
which the sediment was deposited. The following paragraphs outline and discuss the regions 
that fall within the Source Protection Area. These regions are illustrated in Appendix H Figure 
2.2. 
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Niagara Escarpment 

 

The Niagara Escarpment is the most dominant physiographic feature in the Hamilton Region 
Source Protection Area. Regionally, it extends from the Niagara River to the Bruce Peninsula 
and continues through the Manitoulin Islands.  The escarpment exists because of the relative 
resistance to erosion of its hard upper rock and the more easily eroded softer rock beneath. 
Over time, water eroded the softer rocks, which caused the upper rocks to break off, 
maintaining the steep cliff face with slopes of rubble at its base. The process continued 
moving the escarpment in a westward direction. This erosion occurred prior to the last 
glaciation, and it represents a gap in time between the formation of the underlying shale 
bedrock and the deposition during glacial time of the soil overlying it. The steep cliff face of 
the Niagara Escarpment parallels the Lake Ontario shoreline, reaching heights of 
approximately 80 m.   

Re-entrants  

There are two notable breaks, called re-entrants, in the escarpment within the Hamilton 
Source Protection Area: the Red Hill Valley and the Dundas Valley. Re-entrants are valleys 
pointing into the escarpment face. These valleys eroded prior to the Wisconsinan glacial period. 
Former rivers had sufficient water flow and long periods of time to erode the deep valleys, and 

  Niagara Escarpment at Spencer Gorge 
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subsequent glacial activity and the streams that occupy the valleys today have further modified 
them.  

Iroquois Plain 

Lake Iroquois formed as the glacial ice receded from the Lake Ontario Basin. The lake occupied a 
larger area than the current Lake Ontario and had higher water levels. Within the Hamilton 
Source Protection Area, shoreline cliffs and beaches are located about four kilometres inland at 
the base of the Niagara Escarpment. These features mark the edge of the former lake at its 
maximum size. This physiographic region, known as the Iroquois Plain, extends around the 
shore of Lake Ontario from the Niagara River to the Trent River. Typically, the plain is covered in 
layers of fine silty sands that formed the former lake bottom.   

Barrier Bars 

Within the Hamilton Region Source Protection Area, there are two significant sand bars at the 
western end of Lake Ontario. These bars are former beaches of Lake Iroquois. The easterly 
Burlington Barrier Bar separates Hamilton Harbour from Lake Ontario and has been developed 
as a major transportation route occupied by the Queen Elizabeth Way and the Burlington 
Skyway. The bar has also been developed for urban land uses including housing, light 
industrial/commercial uses, and parkland. The Burlington Canal breaches this bar where a lift 
bridge facilitates access to the harbour by large ocean-going ships.    
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Figure 2.2 Physiography 
The westerly Hamilton Barrier Bar separates Hamilton Harbour from Cootes Paradise. It is a 
major transportation corridor, occupied by Highway 403, York Boulevard, and numerous rail 
tracks. Desjardins Canal breaches the bar.   

 

  Barrier bars and re-entrants (Landsat 7 Orthorectified Imagery over Canada, 
Level 1, 1999) 

 

Flamborough Plain 

The northern portion of the Source Protection Area is in the physiographic region known as the 
Flamborough Plain. Soils overlying the dolostone bedrock are thin and bedrock outcrops are 
frequent. Drumlins are scattered across the region, oriented primarily in a west-east direction 
and in line with the direction of ice advance. The Wentworth Till was deposited in this area. It is 
primarily sand, with small pieces of the underlying carbonate bedrock. In some locations, it 
contains many boulders. The drumlins are also comprised of Wentworth Till. This area has poor 
surface drainage, which results in numerous wetlands, areas of ponded water, and the 
accumulation of organic soils. 

Norfolk Sand Plain 

Between the Flamborough Plain and the Dundas Valley lies the physiographic region referred 
to as the Norfolk Sand Plain. This plain of silts and sands extends southwest to Lake Erie. It 
formed as a delta in Lakes Whittlesey and Warren, both of which existed in the Lake Erie 
basin during glacial times (see Figure 2.3).    

Burlington 
Barrier Bar  

Hamilton 
Barrier Bar  

Red Hill Valley Re -entrant  

Dundas Valley Re-entrant  
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Figure 2.3 Extent of Lake Whittlesey during melting of the Ontario ice lobe 
(Chapman and Putnam, 1984) 

Haldimand Clay Plain 

The southern portion of the Source Protection Area is included in the Haldimand Clay Plain.  
This physiographic region covers much of the Niagara Peninsula to the south. It is 
characterized by a clay and silt plain that is gently sloping toward Lake Erie. The sediment 
was deposited at the bottom of Lake Whittlesey. This glacial lake occupied a larger area than 
the existing Lake Erie basin.    

Moraines  

The position of moraines in the Source Protection Area represents a pause in the recession of 
the glacial ice lobe and the deposit of the debris that the ice was carrying. The northwestern 
extent of the Source Protection Area lies adjacent to the southern extent of the Galt 
Moraine, one of the moraines included in the Horseshoe Moraines physiographic region. Due 
to its elevated topography, it divides the surface water drainage between the Hamilton 
Region and the Grand River Source Protection Areas.  

Lying north and south of the Dundas Valley are a group of seven ridges called the 
Waterdown Moraines. These moraines are made of Halton Till and are only partially located 
within the Source Protection Area. North of the Dundas Valley, the moraines are silty, stony 
till , partly covered with sands deposited at the edges of former lakes. South of the valley, 
two of the ridges exist. The Vinemount Moraine lies close to the brow of the Niagara 
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Escarpment while the Niagara Falls Moraine lies along the southern extent of the Source 
Protection Area. The Vinemount Moraine is made of clayey till while the Niagara Falls 
Moraine comprises sands, gravel, and silt.  

A large kame exists at the head of the Dundas Valley above and below the escarpment. A 
kame is a hill formed by the deposition of sand and gravel in layers that was carried by 
flowing water off the adjacent glacier.      

Esker 

One esker exists within the Hamilton Region Source Protection Area. An esker is a long, 
winding, narrow ridge of sorted sands and gravels. These formed when sediments were 
deposited in a stream flowing within or beneath the glacial ice. The esker is located in the 
CƭŀƳōƻǊƻǳƎƘ /ǊŜŜƪ ǎǳōǿŀǘŜǊǎƘŜŘ ƻŦ ǘƘŜ {ǇŜƴŎŜǊ /ǊŜŜƪ ǿŀǘŜǊǎƘŜŘΦ Lǘ Ƙŀǎ ŀ ά¸έ ǎƘŀǇŜ ǿƛǘƘ 
two branches and stretches about two kilometres in length. 

2.1.2 Bedrock Geology: Rock Formations and Landforms 

Rock Formations 

Sedimentary rocks of Upper Ordovician and Lower 
Silurian age, approximately 460 to 420 million years 
old, underlie the Hamilton Region Source Protection 
Area. The sediments that make up the rocks were 
deposited in horizontal layers in shallow, inland 
seas. The composition of the rock of each layer 
varies due to the environmental conditions when 
the sediments were deposited. Each layer was 
deposited on top of the last, making the uppermost 
layer the youngest. Millions of years may have 
passed between the periods of deposition recorded 
in the rocks due to erosional activity of water or ice. 
Figure 2.4 shows the layers that make up the 
stratigraphy of the Source Protection Area, and the 
following paragraphs describe the formations from 
oldest to youngest. Although the layers of rock 
originally were deposited as horizontal beds, the 
rocks have since tilted downwards towards the 
southwest and were eroded at ground surface. 
Thus, Figure 2.5 illustrates generally where each 
rock formation is the uppermost bedrock unit.    

Ordovician aged Queenston Formation  

The surficial bedrock lying below the Niagara 
Escarpment within the Source Protection Area is the  

Period Group Formation/Member 
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Figure 2.4   Sedimentary rocks of the 
Area in sequence from oldest at the 
bottom to youngest at the top (based 
on Brunton and Brintnell, 2011). 
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Queenston Formation. It comprises easily weathered, red shales with siltstone. This formation is 
about 140 metres thick within the Source Protection Area. Ice movement and water flow (from 
beneath or in front of the melting ice) has eroded the shale over hundreds of thousands of 
years. This erosion has left an irregular bedrock surface under the City of Hamilton core and 
underlying the eroded Dundas Valley. 
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Figure 2.5. Bedrock Geology 

Silurian aged rocks 

Silurian aged bedrock formations lie exposed on the cliff face of the Niagara Escarpment. They 
were deposited on top of the eroded surface of the Queenston shale. Ongoing studies of these 
rock layers suggest that revisions to the previously accepted layer sequence are necessary.  
Correlation of the rock units of the Niagara Escarpment with the rock units of western New York 
and Ohio is being done based on the relative position of the layers and the types of fossils 
preserved in the rock.  The Ontario Geological Survey completed the studies, which focus on the 
rocks overlying the shale of the Cabot Head Formation (see Brunton and Brintnell, 2011). The 
rock sequence, illustrated in Figure 2.4 and used in the discussion below, is consistent with the 
proposed formation name revisions. The existing formation names are mentioned in the 
discussion to assist with the transition.     

Whirlpool Formation  

Lying on top of the Queenston Formation, the Whirlpool Formation comprises light grey to 
white sandstone containing quartz and calcium carbonate. It is approximately four metres thick 
in the Source Protection Area.  

Manitoulin Formation  

The overlying Manitoulin Formation is a blue-grey to brown, thinly layered dolostone and 
contains many fossils. This formation does not exist south of Hamilton and, therefore, is quite 
thin in the Source Protection Area. 

Cabot Head Formation  

The Cabot Head is a regional formation extending throughout southwestern Ontario. In the 
Source Protection Area, it has a thickness of between 10 and 15 metres. It is composed of 
green-grey and red shale and dolostone.  

Grimsby Formation  

The Grimsby Formation consists mainly of red shale with sandstone beds. It is about two metres 
ǘƘƛŎƪ ŀǘ /ƭŀǇǇƛǎƻƴΩs Corners and increases in thickness toward the southeast. The Grimsby 
CƻǊƳŀǘƛƻƴ ǇƛƴŎƘŜǎ ƻǳǘ Ƨǳǎǘ ƴƻǊǘƘ ƻŦ /ƭŀǇǇƛǎƻƴΩǎ /ƻǊƴŜǊǎ ŀƴŘ ƛǎ ŀōǎŜƴǘ ƛƴ ǘƘŜ ƴƻǊǘƘǿŜǎǘŜǊƴ 
portion of the Source Protection Area.      

 

 

Thorold Formation  

The overlying Thorold Formation is a grey to white sandstone with some beds of green, silty 
ǎƘŀƭŜǎΦ !ƎŀƛƴΣ ǘƘƛǎ ǳƴƛǘ ƛǎ ŀōǎŜƴǘ ƴƻǊǘƘ ƻŦ /ƭŀǇǇƛǎƻƴΩǎ /ƻǊƴŜǊǎΦ 
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 Bedrock layers from Grimsby (at base) through Goat Island Formations ŀǘ 5ŜǾƛƭΩǎ 
Punchbowl, Hamilton (photo credit: City of Hamilton) 

Merritton Formation 

Because the Grimsby and Thorold Formations are absent in the northwestern portion of the 
Source Protection Area, the Merritton Formation overlies the Thorold Formation in the east and 
the Cabot Head Formation in the northwest. The Merritton Formation, along with the Rockway 
Formation, previously has been identified as part of the Reynales Formation. Brett and others 
(1995) noted that, based on the relative positions of the rock units and on the fossils the units 
contain, the term Reynales should not be used to describe these units. The Merritton Formation 
is only about one metre thick in the Source Protection Area and is made up of a distinctive, 
bioturbated, pinkish-brown dolostone with dark shale marking distinct layers. The lower layers 
are rich in pyrite (composed of iron disulphide) and contain black phosphate pebbles.   

Rockway Formation 

The Rockway Formation consists of about one-metre thick greenish-grey dolostone with thin 
layers of shale. As explained above, the rock was previously described as part of the Reynales 
Formation, lying below the unsubdivided Amabel Formation. The Rockway Formation 
contains pyrite and few fossils. 

 
 
 






























































































































































































































































































































































































































































































































































































































































































