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Summary  

Three groundwater regimes have been identified in the Paleozoic bedrock terrain of southern 
Ontario based on geological and geochemical criteria: a shallow fresh water regime, an 
intermediate depth brackish sulphur water (dissolved H2S) regime and a deep brine regime.  

The shallow fresh water regime is an active, topography-driven flow system. Fresh water is 
encountered in petroleum and water wells up to 250 metres below the surface. Fresh water 
occurs in unconsolidated glacial and post-glacial sediments overlying Paleozoic bedrock, as a 
regional contact aquifer at the interface between the sediments and the bedrock, and in karstic 
Paleozoic limestones and dolostones in areas of thin drift. Individual aquifers in glacial drift are 
generally unconfined to partly confined, forming complex, local systems with limited lateral 
extent. The contact aquifer extends beneath most of southern Ontario and is the source of 
potable water for a large proportion of domestic water wells in southern Ontario. It has only 
recently been possible to map the geographic extent of the karst aquifer system and detailed 
studies have yet to be initiated. 

Aquifers in the intermediate to deep regimes are contained in several discrete regional 
paleokarst horizons developed in limestones and dolostones at regional unconformities. Aquifers 
are generally thin, and are confined between thick aquitards of shale, evaporites and non-karstic 
limestone and dolostone. All of these confined aquifers display downdip geochemical zonation 
from fresh water at the subcrop edge to brines in the deep subsurface, separated by an 
intermediate zone of brackish sulphur water. Buoyancy effects related to the presence of deep 
subsurface brines probably prevent deep penetration of fresh water. At least one active flow 
system has been documented in the sulphur water system, confirmed by meteoric water 
signatures in oxygen and hydrogen isotopic compositions.  

Unique isotopic signatures have been identified for the deep brines in each confined aquifer, 
indicating very long residence times and no active flow in the deep brine regime. 

Introduction 

All petroleum wells in Ontario encounter groundwater during drilling, including shallow aquifers 
that supply potable water to domestic, municipal and commercial water wells. Petroleum well 
operators are required to design their drilling and well construction programs to permanently 
isolate and protect these aquifers from contamination and prevent the migration of oil, gas or 
water between geological formations along the well bore. Wells that are no longer productive 
must be plugged to accomplish the same goals. The ability for industry to meet these 
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requirements depends directly on the availability of accurate geological and hydrogeological data 
and knowledge. 

In 2006 the Ministry of Natural Resources (MNR) initiated its Abandoned Works Program to 
locate and plug, on a priority basis, petroleum wells that were left unplugged by now-defunct 
operators. A gap in our understanding of the hydrogeology of southern Ontario relevant to 
plugging these wells became apparent and in 2008 the MNR initiated a program of 
hydrogeological and hydrogeochemical mapping and research to provide the required data and 
knowledge to guide our well plugging projects and provide a scientific basis for improved 
regulatory oversight. 

Method 

The geological setting and Paleozoic stratigraphy of southern Ontario has been documented 
by Armstrong and Carter (2010) and others. Sources of information for aquifer and aquitard 
mapping include: (i) field observations in outcrops, quarries and road-cuts, (ii) petroleum well 
digital records for 27,000 wells in MNR’s Ontario Petroleum Data System, (iii) digital water well 
records for over 400,000 wells in the Water Well Information System of the Ontario Ministry of 
Environment, (iv) hydrogeochemical analyses (by SGS Canada Inc.) and oxygen, hydrogen, 
sulphur and carbon isotopic ratios (by Skuce) of 130 formation water samples from petroleum 
wells, springs, quarries and orphan wells,(v) recent hydrogeochemical data published by the 
Ontario Geological Survey (Hamilton, 2011, and (vi) a thorough literature review. 

As part of this study a quality assurance review of the water records in the MNR petroleum well 
database has been completed. The edited data has been used to map the regional occurrence 
of aquifers and aquitards in the Paleozoic bedrock of southern Ontario, utilizing MNR’s 
customized PetroGIS application, and to document and map the depth zonation of water types 
(fresh, sulphur, brine) in the bedrock formations of southern Ontario. GIS analysis of water well 
data from the MOE database was used to identify and map the geographic distribution of the 
karst and contact aquifers in the fresh water regime. 

Examples 

This scaled geological cross section shows regional southwesterly dip of bedrock formations 
and occurrence of water, oil, and natural gas in these layered marine sedimentary rocks 
(modified from Carter, 2012 and Sharpe et al., 2013). Fresh water (blue-FRE) is confined to a 
relatively thin veneer (<250 m) of glacial sediment and shallow bedrock. Saline water 
containing dissolved H2S (yellow—SUL) occurs at intermediate depths from 30 – 500 m, and 
the deepest rocks (>150 m) contain brine with no dissolved H2S (orange—SAL). Interpreted 
flow in the shallow bedrock is down-gradient from topographic highs and down regional dip of 
confining geological formations and/or along strike of the formations (circles with × symbols). 
There is no water movement in the deep confined brine aquifers.   
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Conclusions 

Improvements in the petroleum well database of the Ministry of Natural Resources have made it 
possible to map the regional occurrence of aquifers and aquitards in the Paleozoic sedimentary 
rocks of the Michigan and Appalachian basins in southern Ontario.  

A system of thick regional aquitards and thin confined aquifers within the deep bedrock setting of 
southern Ontario has been identified. Aquitards are formed by shale strata, most notably the 
Upper Ordovician Queenston, Georgian Bay and Blue Mountain formations, which exceed 300 
m in combined thickness, and by thick evaporites of the Salina Group. In the deep subsurface, 
carbonate rocks also generally form thick aquitards. Where these same rocks occur near the 
surface they form fractured or karstic aquifers. 

Regional paleokarst horizons are the principal geological control on development of aquifers in 
the deep Paleozoic bedrock. Regional confined aquifers occur within the Middle Devonian Lucas 
and Dundee formations, the Upper Silurian Bass Islands and Bois Blanc formations, the Upper 
Silurian Guelph Formation, within fault-related hydrothermal dolomite zones in the Upper 
Ordovician limestones of the Trenton and Black River groups and in Cambrian limestones and 
sandstones.  

This new understanding provides a scientific basis for exploration for potable water supplies, 
design of petroleum well drilling programs to protect potable water supplies, for mitigation of 
drilling hazards such as artesian flow conditions, loss of circulation, and corrosive sulphur water, 
and for other potential subsurface uses. 
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