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Introduction and Purpose

Groundwater contained in Paleozoic bedrock formations and the overlying unconsolidated sediments
(“drift”) in southern Ontario exhibits increasing salinity with depth (Carter et al, 2014). There is a down-
dip transition from fresh water at or near the surface in the drift and shallow bedrock, to brackish to saline
sulphur water at intermediate depths, to dense brines in the deepest bedrock (Carter et al, 2015a, 2015b,
Carter et al, 2014, Sharpe et al, 2014) (Fig.1). The base of the fresh water regime, i.e. the depth at which
the water is no longer potable, has been previously mapped by Carter and Clark (2018) in southwestern
Ontario. This study attempts to map regional variations in the depth of the interface between the sulphur
water regime and the deep brine regime.
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Figure 1: Conceptual model showing hydrochemical subsurface groundwater regimes in southern
Ontario: shallow fresh water regime, intermediate brackish to saline sulphur water regime, and deep brine
regime. Also shown is the Lockport Aquifer. Modified from Carter et al (2014).




The study area comprises that portion of the province of Ontario, underlain by Paleozoic sedimentary
rocks, occurring south and west of the Niagara Escarpment (Fig.2). The study provides, in map form and
at regional scale, an approximation of the subsurface interface between the brackish to saline sulphur
water at intermediate depths and the brine that occurs in the deepest Paleozoic rocks of southwestern
Ontario. The results can be used as a constraint in numeric modeling of the flow of groundwater in the
subsurface bedrock formations of southwestern Ontario.

In this report, description of water salinity uses the terminology of Carpenter (1978) and Freeze and
Cherry (1979) as adopted by Hiscock and Bense (2014):

Water type mg/l TDS
Fresh 0-1,000
Brackish 1,000-10,000
Saline 10,000-100,000
Brine > 100,000

Geological and Hydrogeological Setting

Southern Ontario is underlain by marine sedimentary rocks of the Appalachian Basin and Michigan Basin
(Fig.2). These Paleozoic sedimentary strata unconformably overlie crystalline metamorphic and igneous
rocks of the Canadian Shield, and are covered by a thin veneer of unconsolidated Quaternary and Recent
sediments in most of the area. Paleozoic bedrock strata consist of an interlayered succession of
sandstones, carbonates, evaporites, mudstones, and siltstones (Fig.3). The bedrock formations dip
shallowly to the southwest at 3 to 6 m/km along the crest of the Algonquin Arch, and at 3.5 to 12 m/km
down the flanks of the arch westward into the Michigan Basin and southward into the Appalachian Basin
(Armstrong and Carter, 2010).

The unconsolidated sediments are variably porous and permeable and water-saturated and are utilized as a
source of potable water by most of the water wells drilled in southwestern Ontario (Sharpe et al, 2014).
Agquifers in these sediments are complex and discontinuous. The contact with the underlying bedrock is a
low-relief angular unconformity resulting from subaerial exposure and erosion of the slightly inclined
Paleozoic strata over an extended period of geologic time. The interface between the fresh water-
dominated overburden and the relatively less permeable and less porous sedimentary bedrock forms a
regional water-bearing interval. This “contact aquifer”is the most widespread potable water aquifer in
southern Ontario (Husain, Cherry and Frape 2004; Brunton 2009a, 2009b; Carter, 2012).

Extensive karstic dissolution of the shallow bedrock has occurred in areas of thin overburden where
carbonate rocks form the uppermost bedrock layer (Brunton, Priebe and Yeung 2016; Brunton and Dodge
2008; Golder Associates and Ontario Geological Survey, 2008) resulting in greatly enhanced porosity and
permeability. These Kkarstic strata form a system of potable water that extends below the drift/bedrock
contact. Fresh water occurs up to 130 metres below the top of the bedrock within areas of inferred karst
(Carter and Clark, 2018) as determined from GIS queries and quality assurance/quality control (QA/QC)
editing of water well records maintained by the Ministry of Environment, Conservation and Parks
(MECP) (Fig.4). The potable water regime in the shallow bedrock is the subject of ongoing investigations
by the Ontario Geological Survey (OGS) as part of its groundwater mapping program (Brunton, 2009a,
2009b; Brunton, Priebe and Yeung 2016; Priebe and Brunton, 2016; Priebe et al, 2017).

Paleokarst occurs at subsurface unconformities in the Paleozoic sedimentary strata where carbonate rock
has been exposed to prolonged periods of weathering in the geologic past (Fig.3). The porous and



permeable rock associated with these paleokarst horizons form the principal regional aquifers in the
subsurface bedrock formations. Each of these aquifers are recharged by fresh meteoric water at their
outcrop and subcrop edges. This water then flows down-dip and is interpreted to have previously flushed
out or diluted the original pore water at shallow to intermediate depths. The depth of penetration depends
on the permeability of the formation, past and present hydraulic gradients, and the counteracting
buoyancy effects caused by elevated salinity of the intermediate and deep groundwaters. Each
subcropping aquifer exhibits a downdip transition from fresh water at shallow depths, to brackish to
saline sulphur water at intermediate depths, to highly saline deep brines (Carter et al, 2015a). Sulphur
water is also locally reported by water well drillers within the drift (Singer et al, 2003). Cambrian
formations do not subcrop in southwestern Ontario and only contain brine.

The term "sulphur water” is used by drillers of water wells and petroleum wells to describe any water
containing dissolved H>S. The H,S imparts a distinctive “rotten egg” smell to the water that is readily
identifiable with little or no training and can be detected by humans at very low concentrations. In this
report sulphur water is used in a slightly more restricted sense to refer to brackish to saline water
containing dissolved H.S at intermediate depths and does not include brines associated with deep sour gas
reservoirs in southwestern Ontario. The sulphur water in the intermediate regime also contains elevated
concentrations of dissolved sulphate. Sulphur isotopic signatures indicate that this sulphate is derived
from dissolution of marine sulphates (Skuce, 2014), principally anhydrite, which is abundant in many of
the Devonian and Silurian strata of southwestern Ontario, in particular in the evaporitic Lucas Formation
and the Salina Group.

In areas of thicker overburden in southwestern Ontario, where karst is not well-developed (Golder
Associates and OGS, 2008), and in areas underlain by shaly bedrock formations, wells that penetrate the
bedrock more than a few metres encounter groundwater that contains dissolved H.S and is increasingly
saline. Conceptual modelling based on petroleum well data and geochemical and isotopic analyses has
documented an intermediate to deep system of thick regional aquitards and thin confined aquifers
containing brackish to highly saline water within the bedrock (Nuclear Waste Management Organization
2011; Hobbs et al. 2011; Carter et al. 2016; Carter 2012; Carter and Fortner 2012; Carter et al. 2014;
Sharpe et al. 2014; Skuce 2015; Skuce et al. 2015; Skuce, Potter and Longstaffe 2015). Brackish to saline
water containing variable amounts of dissolved H,S generally occurs at intermediate depths, overlapping
with a deep brine regime that contains brine with no dissolved H.S. Depth of this transition is the subject
of this study.

In deep continental bedrock aquifer systems similar to southern Ontario it is a common phenomenon that
the concentration of dissolved salts increases with depth, with dense brines occupying the deep bedrock.
There is likely little or no movement in these deep brine systems, even on a geologic time scale (Hiscock
and Bense, 2014).



83°0|‘0"W 82"0|'0"W 81°0'0"W 80"0]'0"W 79‘0;0"W 78°0'0"W

MANITOULIN ' PARRY ‘l'l»&v
e "P SOUND RENFREV
4 ENNOX &

£ 2 MUSKOKA HALIBURTON ADDINGTON| |
= » Canadian Shield
o FRONTNAC

HASTINGS

)
l' - N
b ifie

44"0|'0'N

z : V '\:;h(

i .

¥ gD Appalachian
Basin

7

Niagara Escarpment

Paleozoic bedrock formations
z 4 - Port Lambton Group Sylvania Georgian Bay
23- I Kettie Point Bois Blanc I Biue Mountain | |-
& [ Hamilton Group [ Basslslands Trenton
I Marcellus Salina Group [N C™O%P
I Dundee I Guelph I 5iack River
Group
Lucas Lockport Group -
Onondaga Clinton-Cataract [Il| Shadow Lake
0 25 50 75 100 o ) B - b
e — — K Amharstbirg leansion recambrian

1 I I I I I
Figure 2. Bedrock geology of southern Ontario, from Somers and Fortner (2017).
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Figure 3. Lithostratigraphy of southern Ontario, from Carter et al (2018), showing regional
unconformities representing past periods of exposure, erosion, and/or Karstification. Karst intervals in the
carbonate strata greatly enhance porosity and permeability and are the main geological control on regional
aquifers in the bedrock strata of southwestern Ontario.
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Figure 4. Base of fresh water, metres below top of bedrock, based on water well data maintained
by the MOECC (Carter and Clark, 2018). Areas in blue identify the extent of the contact aquifer.
Areas in green, yellow and red indicate deep occurrences of fresh water in areas of inferred karst.
The large red feature between Goderich and London corresponds to the breathing well aquifer
identified by Freckelton (2013).

Open File List

1. Sulphur Water and Brine Report.pdf: This document contains a brief explanation of the data,
the maps, mapping and quality control methods, and a discussion of the results.

2. Figures: A folder with 8 maps in .jpg format, showing the occurrence of sulphur water, saline
water, and brine in the subsurface Paleozoic bedrock of southern Ontario, corresponding to
figures 6 to 13 in the report.



3. GIS Maps: A folder with data inputs used to generate the Nearest Neighbor surfaces and help
simplify usage. The folder contains shapefiles (.shp) and raster (.grd or .tif) files. Files were
created in and compatible with ArcMap 10.1. Also included are the water data points in Excel
(.xIsx) format. This folder is only accessible by members of the Oil, Gas and Salt Resources
Library.

Sources of Information
Petroleum Well Records

The Ministry of Natural Resources and Forestry (MNRF) regulates the drilling, operation and eventual
decommissioning of petroleum wells in the province of Ontario under the authority of the Qil, Gas and
Salt Resources Act and its regulations and standards. MNRF collects and manages data from petroleum
wells, including production of oil, natural gas and formation water. Source records for petroleum wells
drilled in Ontario are maintained at the Petroleum Operations Section of the MNRF in London, Ontario,
with public access via the Oil, Gas and Salt Resources Library (Library). Source records for this
information are paper reports stored in conventional hard-copy well files. There is a separate well file for
each unique petroleum well.

The earliest petroleum well records on file with the Ministry of Natural Resources and Forestry date to
1860, but systematic publication of well data by the Ontario government only began in 1915 when the
Ontario Bureau of Mines included a summary of well drilling activity in its annual report (Beards, 1967).

Petroleum Well Database

Digital petroleum well records are maintained on the Ontario Petroleum Data System (OPDS). OPDS is
an Oracle relational database with a custom Powerbuilder interface designed and maintained by the
Petroleum Operations Section of the MNRF. Data management and quality assurance is a shared
responsibility of MNRF and the Library. Public access to petroleum well data is managed by the Library.

OPDS contains information for all wells drilled under the authority of the Qil, Gas and Salt Resources
Act and Ontario Regulation 245/97. Within the act, a well is legally defined as “a hole in the ground,
whether completely drilled or in the process of being drilled, for the purpose of,

(a) the production of oil, gas or formation water, including the production of coal bed methane but
excluding the production of fresh water,

(b) the injection, storage and withdrawal of oil, gas, other hydrocarbons or other approved substances in
an underground geological formation,

(b.1) a compressed air energy storage project that is prescribed, or any part or portion of such a project as
may be prescribed,

(c) the disposal of oil field fluid in an underground geological formation,

(d) solution mining, or

(e) geological evaluation or testing rocks of Cambrian or more recent age

OPDS records provide geological, drilling and engineering information on approximately 27,000
petroleum and related wells drilled in Ontario since 1858. Stored data includes well location, status,
depths, geological formation tops, well construction, oil/gas/water intervals, logged and cored intervals,
and storage location of drill cuttings from bedrock formations penetrated by the well. Water interval data
includes depth, static level, water type and host geological formation. Every single paper record in the
MNRF petroleum well files is associated with a digital well record in OPDS. However, it is important to
note that petroleum well records contain very little information about unconsolidated sediments that
overlie the bedrock.



Basic data for petroleum wells in southern Ontario is available for public viewing at
www.ogsrlibrary.com. Qil, gas and water interval data and formation top depths are value-added data
available only to registered Library members or by purchase of select datasets.

Water Interval Records

OPDS contains over 35,000 records of water-bearing intervals encountered during the drilling of
petroleum wells in Ontario (Carter et al, 2015a). Most of these records are obtained from wells drilled by
the cable tool method.

In the cable tool drilling method, the borehole is created by percussion without the use of hydraulic
pressure. Any water encountered while drilling will immediately enter the well bore. The depth interval at
which this occurs is recorded by the driller. It is usually only possible to accurately record the top of the
interval, as water will continue to enter the well bore until the interval is sealed by a casing. The drilling
process is sufficiently slow that the resulting water column stabilizes, and the driller can record the depth
to the top of the column of water as the static level. Almost all of the water interval data in OPDS was
acquired in this way. The static level and water type for the water intervals is required to be reported by
the operator to MNRF (Fig.5). The observed results are summarized on the drilling and completion
reports in the well files and transcribed to OPDS.

Wells drilled with rotary drilling rigs use drilling muds under hydraulic pressure to prevent the
uncontrolled entry of any formation fluids into the well bore, and consequently do not usually provide any
information on water-bearing intervals. Examples of exceptions are detection of a sulphur smell from the
drilling mud, recorded at a specific drilling depth, or record of the depth of a lost circulation zone.

Drillers record a description of the water type from each of the water-bearing intervals they encounter
using terminology similar to that used by water well drillers. Water type descriptions provide a subjective
judgement of water quality and provide field evidence of microbial activity where identification of
sulphur water implies the presence of sulphate-reducing bacteria. Sulphur water is water containing
dissolved HzS and is readily identified by drillers by its distinctive “rotten egg” smell. Water types
recordable in OPDS are:

BLK — Black

BRA — Brackish

FRE — Fresh

LOS - Loss of circulation

MIN — Mineral

SAL — Salt (saline water and/or brine)

SUL — Sulphur (dissolved H,S, identified by rotten egg smell)

The geological formation within which the water occurs has been interpreted by MNRF or Library staff
by comparison of the water interval depths to the formation top depths recorded for the wells. The
terminology used to identify formations in the database is consistent with Armstrong and Carter (2010)
(Fig.3). The coding of the geological formation in the data record makes it possible to map aquifers and
aquitards in the Paleozoic bedrock as the occurrence of water, by type, in each geological formation
(Sharpe et al, 2014, Carter et al, 2014a, Carter et al, 2015a). It is also possible to construct static level
maps for these aquifers (Carter et al, 2015b).
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Figure 5. Screenshot of water interval data for a petroleum well as entered in OPDS from the Form 7 (Well
Completion Report). Interval and static level depths are recorded in metres below rig floor.

Water Analyses

Chemical analyses of water samples from selected subsurface bedrock formations of southern Ontario were
acquired by the MNRF in 2011-2013 in partnership with the University of Western Ontario. The complete
set of data and description of sampling methods are available in Skuce (2014).

Chemical analyses are also available for water samples collected by the operators of licensed petroleum
wells. During the drilling of a petroleum well, the well operator may take a sample of water that has been
encountered during drilling and submit it for chemical analysis by a commercial laboratory. A copy of the
analytical results is required to be submitted to the MNRF. This data becomes part of the public record after
the expiry of a 1 year confidentiality period. The water analyses are measurements of the concentration of
a limited suite of dissolved elements and compounds, including Na, Ca, Mg, Cl, SO4, HCO3, and total
dissolved solids, as well as pH, density, and resistivity. The water analysis data from these reports has been
compiled in an Excel data file by the Library.

Data Quality Issues

Water Interval Records

There are numerous possible sources of error for the water interval data, considering the large number of
well drillers involved and the informal data collection protocol. The accuracy of individual records cannot
be guaranteed and should be used with caution. Nonetheless, when used as a dataset at a regional
mapping scale, the compiled data provide valuable information about the occurrence and types of water in
the bedrock of southern Ontario (see Carter et al. 2015a, 2015b).

A number of quality assurance issues were identified during review of the data. Corrective edits were
applied to several hundred records where it was possible to reliably determine a resolution. If a corrective
edit could not be identified, the unreliable records were omitted from the mapping process. Data quality
issues are listed below.

1. Incomplete reporting: There is no corrective fix for this issue.

2. Inaccurate well location.

3. Typographic data entry errors: These were identified by comparison with source records and
corrected during the anomaly editing exercise.

4. Lack of well casing to separate shallow and intermediate water intervals from deeper water
intervals, resulting in mixing. Identification of water type in these cases is considered unreliable.

5. ldentification of brines as sulphur water by drillers, especially for wells drilled into sour gas and
oil reservoirs in the Guelph Formation and the A-1 and A-2 units beneath western Lake Erie and
in Kent and Essex counties. The water encountered in these areas has a sulphurous smell as
correctly reported by the drillers, but the water has salinities exceeding 100,000 mg/I total
dissolved solids, ranging from 250,000 to 400,000 mg/I, as confirmed by chemical analyses in
this report. These waters have been reclassified as brines in this study.



6. Lack of data for the base of water intervals. This creates uncertainty in the precision of mapping
of the base of the sulphur water regime.

7. Water containing dissolved salt, i.e. water with a salty taste, and which has no sulphur odour, is
identified by both water well and petroleum well drillers as “salt water”. The salinity is unknown,
and consequently cannot be accurately classified as brackish, saline or brine. This is the largest
source of error in accurate identification of deep brines vs brackish to saline “sulphur water” of
the intermediate regime and makes accurate mapping of the interface between the deep brine and
the intermediate groundwater regime problematic.

An iterative process of quality assurance edits was performed. After completion of each round of edits,
preliminary versions of the maps were interpolated. All “anomalies” represented by single wells on these
maps were reviewed and corrective edits applied. The maps were then regenerated for a further round of
anomaly checks and corrective edits.

Water Analyses
Sampling methods and data quality issues for the MNRF analytical data is described in Skuce (2014).

Water analyses reported by the operators of petroleum wells have a range of data quality concerns. Water
samples were collected by a wide variety of well operators and were obtained from a variety of sources or
collectors, including drill stem test chamber, wellhead valve, flow line, swab, bailer, production tank, and
separator, each of which may create issues with data quality. Samples collected during drilling operations
may be susceptible to contamination by drilling fluids. Dilution of the very saline deep brines typical of
southern Ontario is a possibility. The laboratory analyses were completed by a limited number of different
commercial laboratories between 1948 and 2001 with one sample collected and analysed in 1907. These
issues create uncertainty about the consistency and precision of individual results. Nonetheless, taken as a
group of data, the water analyses provide quantitative values for water salinity which are inherently more
precise than the qualitative judgements of well drillers for the water interval data, and provide valuable
insights into regional variations in salinity in bedrock groundwaters.

Mapping Methods

Creating geologically meaningful maps from the OPDS data is dependent on the design of GIS data filters
and selection methods to derive a subset of wells with the required attributes, and quality assurance
editing of this new dataset. For this mapping exercise, the data filtering procedure was designed to select
the deepest reported occurrences of sulphur water, and the shallowest reported occurrences of salt water at
each well location. If the resulting maps were reliable, the interface between the two maps would
approximate the base of the saline to brackish sulphur water regime and the top of the brine regime.

An interim map was prepared for each data set after the initial data filtering exercises. Anomalous data
were identified by visually reviewing the maps and editing or deleting individual records contributing to
contouring anomalies. This process was repeated four times before a geologically acceptable result was
obtained.

Three data interpolation algorithms are supplied with the Spatial Analyst extension of ArcMap 10.1;
inverse distance weighted, kriging and natural neighbours. After trial and error, it was determined that the
natural neighbours algorithm produced the most geologically meaningful results and was therefore used
to create interpolated surface and contour maps of the edited data.
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Mapping Results

Total Dissolved Solids — Lockport Group + Salina A-1 and A-2 Units

The Lockport Group, as redefined by Brunton and Brintnell (2011) (Guelph, Eramosa, Goat Island, and
Gasport formations), form a regional aquifer extending beneath all of southern Ontario (Fig.1). These
formations form a northwest-southeast subcrop-outcrop belt in southwestern Ontario and dip shallowly
southwest into the Chatham Sag (Fig.2). In the deepest part of the Chatham Sag the top of the Lockport
Group is over 750 metres below the surface and is overlain by thick beds of Salina Group halite (Fig.3).
There are a large number of oil and natural gas reservoirs with associated water in the Guelph Formation
and the immediately overlying Salina A-1 and A-2 units. For the purposes of this study, analyses of water
from all these formations has been compiled and grouped to map regional variations in total dissolved
solids.

The water analysis data was queried to select samples from only these formations. After QA/QC filtering,
analytical results were available for 139 samples. Of these, 2 are classified as fresh water, 21 as brackish
to saline water, and 116 as brine, as per Hiscock and Bense (2014). Eighty percent of the brine samples
have values ranging from 230,00 to 410,000 mg/l with a median value of 314,000 mg/I total dissolved
solids. The overwhelmingly large proportion of brine vs fresh water samples is a direct result of the
preferential sampling of deep formation water from oil and gas reservoirs.

The data was plotted and contoured to show the regional variation in total dissolved solids (Fig. 6).
Salinity increases downdip from approximately 200 mg/I total dissolved solids in the outcrop belt to a
maximum reported value of over 600,000 mg/l in the deep subsurface. The interface between brackish
and saline water of the intermediate sulphur water regime and deep brine occurs approximately 35 to 65
km downdip from the subcrop exposure of these formations. This correlates to a depth of approximately
250 to 300 metres below the top of bedrock.

Base of Sulphur Water

Depth values from the water interval data set, where water type was recorded as sulphur water by the
driller, were used to generate a map showing the deepest recorded intervals of sulphur water. Nearly 9000
data points were utilized (Fig. 7). Two maps have been created: the base of sulphur water measured in
metres below the top of bedrock and the base of sulphur water measured in metres subsea, but only the
first is shown here (Fig.8). No water analysis data was incorporated. It should be noted that there is an
inherent inaccuracy in these maps as only the top of the water interval is recorded in the data set. But as
the bedrock aquifers are at most a few metres or tens of metres thick, the maps provide a reasonable
approximation of the base of the sulphur water regime in the bedrock of southern Ontario.

Comparison to the base of fresh water mapping of Carter and Clark (2018) identified isolated areas where
the interpolated sulphur water raster surface extended above the fresh water raster surface, which is
inconsistent with the observed regional hydrochemical zonation. Within these areas a raster calculation
was used from the Spatial Analyst extension of ArcGIS 10.1 to reassign the base-of-sulphur-water pixels
to equal the value from the base-of-fresh-water raster.

QAJ/QC review of this qualitative data included a comparison to the water analysis data for samples from
the Lockport Group + Salina A-1 Unit + Salina A-2 Unit (see Fig.6). This comparison identified a large
number of wells where the driller identification of sulphur water, based on a rotten egg odour of the
water, coincided with areas where the analytical data documents the presence of dense brines. In west-
central Lake Erie, between Norfolk County and Essex County, the analytical data indicates the presence
of dense brines with total dissolved solids content ranging from 250,000 to over 400,000 mg/l (Fig.6).
Within this area all data points identified as sulphur water by the driller were reclassified as brine. Outside
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this area, at scattered locations, there are a number of wells with sulphur water reported in these
formations which cannot be verified, but this data has been retained in the data set.
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formations. Subcrop-outcrop belt of Lockport Group shown in green. Circles show location of data
points.

The map shows regional occurrence of sulphur water at depths ranging from the top of bedrock to
approximately 200 metres below the top of bedrock (Fig.8). This water is largely confined to the Dundee,
Lucas, Amherstburg and Onondaga formations, and to a lesser extent in the Bois Blanc and other
formations stratigraphically above the Salina Group (Fig.9). Sulphur water is also widely reported in the
overlying unconsolidated sediments within the water well records maintained by MECP (Singer et al,
2003). Within this regional distribution, there are a number of widely scattered, isolated, anomalously
deeper occurrences of sulphur water within the Lockport Group, principally with the Guelph Formation.
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Figure 7. Map showing location of approximately 9000 petroleum wells for which sulphur water depth
data was utilized in this study.

There are two distinctive areas of deeper occurrence of sulphur water. In Huron and southern Bruce
counties is a distinctive NNW-SSE trending zone confined to the A-1 Carbonate Unit, at depths of 300 to
350 metres below the bedrock surface (Fig.10). This “Huron-Bruce Anomaly” occurs 25 to 50 km
southwest and downdip from the A-1 Carbonate subcrop belt. The second is a large zone beneath Lake
Erie where sulphur water occurs at depths from 200 to 285 metres below the top of bedrock. This water is
largely confined to the Bass Islands/Bertie Formation (Fig.11).

There are a number of wells reported to have encountered sulphur water at depths exceeding 300 metres
below the bedrock surface at scattered locations in Welland, Lincoln, Haldimand, Norfolk, Wentworth,
Oxford, Essex, and western Elgin counties, and eastern Lake Erie. These wells plot within a transition
zone between the deep brine and the shallow fresh water regime, in water with a salinity of less than
200,000 mg/l (Fig.12).
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Top of “Salt Water”

The OPDS water interval records include a subjective water type identified as “salt water”. This water
type includes all water containing dissolved salt, regardless of concentration, and which does not have an
odour of dissolved H.S. It includes both saline water and brine, and consequently cannot be used to
interpret or map the depth transition from brackish to saline water of the intermediate regime to the dense
brine of the deep regime.

Brine can be reliably identified in chemical analyses. The database of industry water analyses was filtered
to select analyses where the total dissolved solids exceeds 100,000 mg/l. This discounted nearly half of
the available data. Other quality constraints resulting in exclusion were: no recorded depth, and duplicate
analyses of the same water sample. Out of the 1024 records in the water analysis database, only 312
analyses were suitable for mapping after QA/QC filtering.

The geographic distribution of brine analyses from the above filtering exercise has been compared to a
raster plot of water interval records where the driller recorded a “salt water” interval. At individual wells
with more than one recorded salt water interval, only the shallowest depth value was utilized for mapping.
In addition, records for formations of Ordovician, Cambrian, or Precambrian age were excluded as these
formations always contain brine west of the Niagara Escarpment. In this way only the shallowest
occurrences of brine were included in the resulting rasterized data set.

The raster map shows a widespread occurrence of salt water at depths ranging from only a few metres
below the top of bedrock, to very deep, 820 metres below the top of bedrock. In contrast the analytical
data shows that most brine occurs at depths greater than 200 metres below the top of bedrock, with the
shallowest brine recorded at 40 metres below the top of bedrock. Only 14 of 312 available records show
brine at depths shallower than 200 metres below the bedrock top. These shallow brine occurrences are
scattered and isolated.

The areas of shallow “salt water” in Figure 13 coincide with the occurrence of brackish to saline water
lacking dissolved H,S, within the intermediate groundwater regime (Fig.9,10, 11), and does not reliably
indicate the presence of brine. The raster map is not considered to be useful in mapping the depth
transition from the intermediate sulphur water regime to the deep brine regime and is presented here for
information purposes only.

Discussion and Interpretation

Isotopic fingerprinting (320 and §2H) of subsurface groundwater in bedrock formations of southwestern
Ontario indicates that shallow fresh water has a modern meteoric signature (Skuce, 2014; Skuce et al,
2014). Available samples from the intermediate sulphur water regime have cold-climate isotopic ratios of
oxygen and hydrogen indicating the water likely originated as glacial meltwater. The deep brine is
interpreted to be modified remnants of highly evaporated seawater (Dollar et al., 1991; Hobbs et al., 2011,
Skuce, 2014; Skuce et al, 2015) of Silurian age (Clark et al, 2013) and is inferred to have formed under
evaporitic conditions prevailing during deposition of the Salina Group and possibly also the Lucas
Formation.

There is a down-dip transition from shallow fresh water, to brackish-to-saline sulphur water at
intermediate depths, to highly saline brine in the deep groundwater regime (Hobbs et al, 2011; Carter et
al, 2014) (Fig.1). Fresh water is largely confined above the bedrock surface in most of southwestern
Ontario, with local exceptions where inferred karst and paleokarst have enabled penetration of fresh water

17



up to 130 metres below the bedrock surface. Recent studies by the OGS have identified fresh water
several tens of metres below the bedrock surface in the outcrop-subcrop belt of the Lockport Group.

The intermediate regime is interpreted to represent downdip penetration of both modern meteoric water
and glacial meltwater into the subsurface where bedrock formations outcrop at the surface or subcrop
beneath thin overburden. It is inferred to have partially to completely displaced any original pore fluids
with consequent dilution of the total dissolved solids content. The present study indicates that this
transition occurs relatively abruptly over a distance of approximately 25 to 65 km (Fig.6,10).
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Figure 13. The regional occurrence of “salt water” vs brine in the subsurface of southern Ontario,
measured relative to the top of bedrock. The salt water raster surface is derived from water type records in
OPDS, where water type is identified as salt water. The water analysis points are petroleum industry
water analyses.

The depth of the transition zone between the brines and the overlying groundwater regimes has been
estimated to occur at depths between 200 and 450 metres below the bedrock surface in previous regional
studies (Skuce, 2014; Skuce et al, 2015; Clark et al, 2010a, 2010b, 2011) and at 169 metres at the
proposed Deep Geologic Repository on the shore of Lake Huron in Bruce County (Clark et al, 2013).
This study indicates a regional transition from brackish-to-saline water of the intermediate sulphur water
regime to deep brine at approximately 200 to 300 metres below the top of bedrock and locally to 350
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metres (Fig.8), providing better resolution on the earlier regional work. Modern and ancient meteoric
water of the shallow to intermediate regimes is generally stratigraphically confined above the Salina
Group. The principal exception is downdip penetration in subcropping/outcropping porous and permeable
karstic strata of the Lockport Group, and more specifically the Guelph Formation.

The aquifers of these hydrochemical systems are stratigraphically isolated from each other in the
subsurface by low-permeability conditions in the evaporites of the Salina Group, Silurian shales of the
Rochester and Cabot Head formations, Ordovician shales of the Queenston, Blue Mountain and Georgian
Bay formations. Additional constraints on water movement are: the low topographic gradients in the
region; the density contrast between the brine and the shallow to intermediate waters; and a general lack
of discharge pathways for the brine (Hobbs et al., 2011; Sharpe et al., 2014; Clark et al, 2013)).

The salt water data in the water type records of the Ontario petroleum well database cannot be used as
reliable indicators of the presence of highly saline brine, and thus do not provide an accurate record of the
top of the deep brine regime. They do indicate the widespread occurrence of brackish to saline water at
relatively shallow depths in much of southwestern Ontario.
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