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1 Introduction
1.1

PURPOSE AND SCOPE

Golder Associates Ltd. (Golder) and AquaResource Inc. (AquaResource) were retained by the
Nottawasaga Valley Conservation Authority (NVCA) and the Lake Simcoe Region Conservation Authority
(LSRCA) to complete an edge matching study for the Tier 2 model completed for the Nottawasaga and
South Georgian Bay watersheds (Golder and AquaResource, 2010). The study specifically involved an
evaluation of the conceptual models and water budget transfers for independent water budget models for
watersheds surrounding the South Georgian Bay (Nottawasaga River Watershed) and West Lake Simcoe
Watersheds (SGBWLS). The upper portions of these watersheds are within the “Headwaters Area”, as
illustrated on Figure 1.1.
The scope of the work involved comparison of stratigraphic depictions between area models and ensuring
that boundary fluxes matched between the models. Flux predicted to be entering/leaving the
Nottawasaga Watershed from other watersheds was accommodated within the SGBWLS Tier 2 water
budget model, as the development of the SGBWLS model followed the development and calibration of
the models in the surrounding watersheds, including for the: Grand River, Credit River, Saugeen River /
Grey Sauble, Credit Valley and Toronto Region Conservation Authorities.
This technical memo provides a detailed description of the conceptual hydrostratigraphic models for the
relevant watershed areas (Section 2), an overview of the hydrostratigraphic edge-matching (Section 3)
and the predicted cross-boundary flows between the water budget models (Section 4).

1.2

PREVIOUS STUDIES

The boundaries of the SGBWLS study area (Figure 1.1) overlap or extend to areas where similar water
budget studies have been completed, including: the Saugeen Valley / Grey Sauble Conservation
Authorities (SVCA/GSCA), the Grand River Conservation Authority (GRCA), Credit Valley Conservation
(CVC) and the York-Peel-Durham-Toronto Conservation Authorities Moraine Coalition (CAMC-YPDT)
area. The data from each of these areas were reviewed and included as part of the edge matching
portion of the SGBWLS model.
The regional studies that have provided relevant input into the edge-matching of the three-dimensional
hydrostratigraphic and numerical model include:
•

South Georgian Bay Lake Simcoe Watershed Hydrostratigraphic Report (Golder and
AquaResource, 2009). This report provides a detailed review of available datasets and the
process of transforming them into a 3D Hydrostratigraphic Model;

•

South Simcoe Groundwater Study (Golder, 2004). This study, completed as part of the second
round of funding for provincial groundwater protection studies, provided a large-scale overview of
pertinent conceptual features;

•

Grand River Conservation Authority (AquaResource, 2006). As an adjacent watershed, a
numerical model was developed in this study area using FEFLOW. This report contains the
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conceptual model which should be consistent with concurrent efforts in this neighbouring
watershed;
•

Saugeen Valley / Grey Bruce / Northern Bruce Peninsula Tier 1 Water Budget (AquaResource,
2008). As an adjacent watershed, the numerical model was developed in this study area using
FEFLOW. This report contains a description of the geological units as well as the conceptual
model and should be consistent with concurrent efforts in this neighbouring watershed;

•

Credit Valley Watershed Water Budget and Stress Assessment (AquaResource, 2008). As an
adjacent watershed, the numerical model developed in this study area using FEFLOW should be
consistent with concurrent efforts in that neighbouring watershed;

•

York Peel Durham Toronto Groundwater Modelling Study (Kassenaar and Wexler, 2006). As an
overlapping Study Area, the regional-scaled numerical model developed in this study area using
MODFLOW should be consistent with existing efforts in that neighbouring watershed.

Data, knowledge and understanding gained through each of these studies have been incorporated into
the work completed for this study. The work described herein was designed to combine the conceptual
geologic and hydrostratigraphic modelling and incorporate groundwater flow transfer between basins in
order to obtain a continuous dataset between the SGBLS Model and the adjacent models.
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2 SUMMARY OF HYDROSTRATIGRAPHIC MODELS
Five regional hydrogeologic water budget models occupy the Headwaters Area are discussed in this
report (Figure 2.1):
1) Nottawasaga River Watershed (SGBWLS Study)
2) Grand River Watershed (GRCA Model);
3) Credit Valley Conversation Watershed (CVC Model);
4) Oak Ridges Moraine Study Area (CAMC-YPDT Model); and
5) Saugeen Valley / Grey Sauble Conservation Areas (SVCA model);
Each model contains a multi-layered structure representing series of overburden and bedrock
hydrostratigraphic units mapped in each area, as summarized below. The layer structures from each of
these models were reviewed prior to edge-matching. Since the neighbouring watershed models were
completed prior to the completion of the SGBWLS study, hydrostratigraphy from the adjacent models
were extracted and directly included in the development of the SGBWLS water budget model (Section 3).
For the purpose of illustration, however, the preliminary conceptual model of the SGBWLS, constructed
before the regional edge-matching, is included below.

2.1

NOTTAWASAGA RIVER WATERSHED (SGBWLS STUDY)

The hydrostratigraphy of the SGBWLS study area can be roughly sub-divided into two primary regions:
the upland areas comprised of till, moraine, drumlin and other glacial deposits, and the lowland areas
where significant erosion occurred within recent geologic history. The upland deposits contain older
sediments dating back to the Wisconsinan age, whereas the lowland areas are younger and are thought
to correspond to the Port Huron Stade. The upland areas contain the till (stadial) and re-worked till
(interstadial) sequences that are also commonly found in surrounding watersheds and throughout
Southwestern Ontario, whereas the lowland areas contain several sequences of coarse grained and fine
grained glaciofluvial deposits. The hydrostratigraphic model for the study area links areas of similar
hydrogeologic qualities between the upland and lowland areas to generate the regional model.
The hydrostratigraphic model constructed for the SGBWLS study was based on several conceptual
models that had been previously built within smaller regions of the study area for earlier groundwater
protection studies within Simcoe County (Golder, 2004 and Golder, 2005). In those previous studies,
there were a total of 12 sub-regional models (Figure 2.1) which contained hydrostratigraphic data
pertinent to the SGBWLS study area. In addition to the sub-regional models, a regional lithostratigraphic
model throughout the entire study area was developed by the LSRCA to better define the units that exist
in the shallow subsurface, particularly in upland regions, where thick overburden sediment was present.
After a detailed review of all sets of hydrostratigraphic and lithostratigraphic layers using cross sections
and corresponding databases, 17 major hydrostratigraphic units were identified as described in Table 2.1
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These units include 15 overburden units that comprise a sequence of four main aquitards and four main
aquifers, as well as five bedrock units. The following text describes these units.
Table 2.1: SGBWLS Numerical Model Layers
Model

West

Central

North East

Layer

(Niagara Escarpment)

(NVCA & West LSRCA)

(Severn Sound)

1
2
3
4

A1 (Aquifer 1)

5

Subdivided into subaquifer and subaquitard units

6
7
8

Drift (0-5m)
Guelph Amabel

9

C1 (Aquitard 1)

(Aquifer)
10

A2 (Aquifer 2)

11

Clinton Cataract

C2 (Aquitard 2)

12

(Aquitard)

A3 (Aquifer 3)

13

C3 (Aquitard 3)
Queenston

14

(Aquitard)

15

A4 (Aquifer 4)
C4 (Aquitard 4)

Georgian Bay (Aquitard)

16

Precambrian
Bottom slice of layer 16 represents top of Simcoe Group

2.1.1

Overburden Units

Regional A1 Aquifer Unit
The model building process involved the subdivision of the uppermost aquifer sequence, A1, into eight
sub-layers. Although these eight uppermost subdivided units are delineated as separate model layers,
they are presented as a single unit for the remainder of this report for the purpose of illustration. This is
practical from a hydrostratigraphic perspective, as these units act as one partially-saturated aquifer unit.
Aquifer A1 is considered to be stratigraphically equivalent to the Oak Ridges Moraine and Waterloo
Moraine deposits, which were deposited during the Mackinaw Interstadial period. It is typically found at
elevations above 250 masl, although in some lowland areas it is mapped at elevations as low as 220
masl and can reach elevations up to 350 masl. From a depositional point of view, this aquifer unit
frequently exists as an unconfined surficial aquifer; however it is locally confined in areas. It generally is
associated with coarse-grained glacial and interglacial sediments mapped as ice-contact stratified drift. In
some places, it is confined or interbedded with silt till materials, particularly in the upland locations. Within
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the central portion of the study area, A1 is mapped as coarse textured lacustrine deposits, which are part
of a regionally extensive sand plain extending to the west of Angus. To the south of the town of
Tottenham, A1 is largely associated with the Oak Ridges Moraine sediments.
A1 is most prevalent (i.e., thickest and most broadly distributed) in the upland areas of the Oro Moraine to
the north of Kempenfelt Bay, under the Innisfil Highlands to the south of Kempenfelt Bay, Snow Valley
highlands northwest of Barrie, and in the Oak Ridges Moraine, south of Tottenham. In these areas, the
aquifer unit often consists of a thick expanse of one or more unconfined or partly confined sand deposits,
often with a deep water table. The A1 unit thickness in these areas varies from 10 m to over 50 m. In the
lowland areas, this unit is typically a thin veneer of sands in the river valleys, ranging in thickness from 1
m to 5 m. Where it is mapped in the vicinity of the Niagara Escarpment to the west, the upper aquifer is a
thin discontinuous unit, disconnected from the other aquifer systems and often discharges to surface
along the slopes.
Regional A2 Aquifer Unit
The underlying A2 regional aquifer unit is considered to have been deposited during the Erie Interstadial
period within the upland areas and is expected to be stratigraphically equivalent to interstadial units in the
Northern Till. Within the lowland areas it is often the uppermost coarse-grained unit. This unit is typically
found at elevations between 180 masl and 250 masl, although it is mapped to elevations as low as 150
masl in some lowland areas. This regional aquifer is commonly used for private water supplies, as well
as some of the smaller municipal water supply wells. Examples of the latter include water supplies in
Cookstown, Thornton, Innisfil Heights, Shanty Bay, Horseshoe Valley and much of the eastern part of
Oro-Medonte.
The A2 aquifer can be relatively thin or absent in valley areas and towards the Niagara Escarpment but
becomes very thick and a viable municipal source in upland areas. In the Horseshoe Valley area, in the
upland west of Hillsdale and in the rising lands near the Escarpment between Duntroon and Tottenham,
A2 thickens significantly. In several areas, A2 is interconnected with A3 to form a very thick aquifer unit.
In Thornton, it combines with portions of A1 and is known locally as the Thornton Aquifer. The
distribution of the A2 aquifer is similar to that of the A1 aquifer, in that it is thicker under the Oro Moraine
and the Innisfil Highlands. In these areas, the aquifer is typically 10 m to 30 m in thickness.
Regional A3 Aquifer Unit
Aquifer unit A3 is stratigraphically equivalent to the Thorncliffe deposits in the CAMC-YPDT area and is
thought to have been deposited during the Mid-Wisconsinan period within the upland areas. Within the
lowland areas, aquifer A3 represents the primary deep coarse-grained deposit that was deposited near
the end of the Port Huron stadial, during the Late-Wisconsinan. Aquifer A3 is typically found at elevations
between 130 masl and 210 masl. This aquifer is a source of supply for Alliston, Angus, Barrie, Colgan,
Horseshoe Valley, Midhurst, Orillia, Stroud, Tottenham and Wasaga Beach. The aquifer materials in A3
are typically medium to coarse sand and gravel, with occasional silty sand layers. It’s thickness to the
north of the Oro Kame Moraine is as much as 70 m. The aquifer thins or pinches out within the moraine
but is thicker near the shores of Lake Simcoe. The base elevation of the A3 aquifer often rises following
the rising bedrock surface to the west of Simcoe County.
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The A3 aquifer is thickest in the Barrie-Borden area, where it is observed to be up to 40 or 50 m thick in
the deeper parts of the channel aquifer. It is also found to the south of CFB Borden, extending to Alliston,
and is also found in the vicinity of Tottenham. The aquifer in the Barrie area is combined with the lower
A4 aquifer, forming an aquifer with a total thickness of up to 70 m. To the northwest, the A3 aquifer is
observed in the Wasaga Beach area, where it is up to 35 m in thickness. To the southeast, the A3 aquifer
is found in Bradford, on both sides of the Holland River, and corresponds to the Scarborough Sands
equivalent, as defined in the Oak Ridges Moraine area. Northeast of Barrie, A3 is the only significant
overburden aquifer in both Coldwater and Orillia.
Regional A4 Aquifer Unit
In the upland areas, Aquifer A4, is thought to be of Early Wisconsinan age and exists only as isolated
pockets. It is more typically found within the lowland areas at elevations below 150 masl. In the Barrie
area, this aquifer consists of the deeper tunnel channel sediments, which are intersected by the deepest
municipal water supply wells. The A4 unit appears to have limited presence in the deepest parts of the
Laurentian Channel and other bedrock depressions.
Where present in the upland areas, the aquifer materials in A4 are typically reported to consist of fine to
medium sand with minor gravel in some areas. Where A4 is within a tunnel channel, it typically consists
of medium to coarse grained sand and gravel and is highly productive. In areas removed from the
bedrock depressions, the A4 aquifer is typically a thinner and finer grained sand or silty sand deposit
underlain by till, for example in the Golf Haven area in the southern part of the Town of Innisfil. This
aquifer is often discontinuous and thin resulting in aquifer areas that can be strongly bounded by the
valley walls, which often consists of layered till compact lacustrine silt and clay and inter-till aquifers.

2.1.2

Bedrock Units

Below the Niagara Escarpment, the overburden is underlain by low conductivity bedrock formations of the
Simcoe Group, which provided most of the bottom surface of the model SBGLS model, with the exception
of the north eastern portion, in which the Simcoe Group pinches out and Precambrian Bedrock is
identified as the top of bedrock. At the Escarpment face, the bedrock formations found within the study
area include the Guelph and Amabel Formation (cap rocks), the Clinton/ Cataract Groups, the Queenston
Shale Formation, and the Georgian Bay Shale Formation (Figure 2.2), all overlying the Simcoe Group,
and ultimately, Precambrian Bedrock. These units are described below.
This technical memo primarily refers to units as they have been referenced prior to recent publications by
Brunton (2007). Brunton has adopted a new nomenclature that further subdivides what is referred to here
as the Guelph and Amabel Formations. Of particular importance, the new nomenclature refers to the
regional aquitard as the Vinemount Formation as opposed to the Eramosa Member, and it subdivides the
Guelph and Amabel Formations. This new nomenclature does not however affect the validity of previous
hydrogeologic interpretations, as the hydraulic description of the rock is consistent from one
nomenclature to another.
Guelph & Amabel Formations
The uppermost formation found within the study area is the Guelph Formation which overlies the Amabel
Formation and is described as a buff and brown fine to medium crystalline dolomite that emits a distinct
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petroliferous odour when broken (Liberty and Bolton, 1971). Locally, it may be grayish, tan, dark brown,
fine to medium granular and fine to coarse crystalline. The Guelph Formation is a reefal complex similar
to the Amabel. The formation is moderately resistant to weathering and the beds are 5 cm to 1.2 metres
thick. Typically, it weathers into thinner beds. The weathered surface appears to be very soft, severely
etched and sculptured. Where strata are composed of a finer texture, it appears that they are regularly
bedded and more evenly resistant to weathering and chemical dissolution.
This formation exists only in the central western portion of the model domain, resulting in only 4 km
extending into the model boundary. In this area, this formation is covered with very little or no
overburden, resulting in rock surfaces that are exposed to direct weathering and chemical dissolution. As
a result, the degree of karstification of the carbonate rock is considerable. Because of its limited extent
within the SGBWSL model domain, the Guelph Formation was combined with the Amabel Formation
within one model layer.
The Amabel Formation consists of a thick succession of fossiliferous dolostone layered in beds 0.6 to 1.2
metres in thickness with both thinner and thicker beds locally developed. This Formation is typically
recognized as the cap rock formation of the Niagara Escarpment and it is much harder than the
underlying shales and sandstones of the Cataract, Clinton and Queenston Formations. Despite its
resistance to erosion, portions of the Amabel Formation are found to have a higher porosity (vugs) and it
is subject to karstification. The Eramosa Member forms the upper portion of the Amabel Formation and
acts as an aquitard in places where it is competent and of significant thickness. Within the NVCA Study
Area the Eramosa member was not anticipated to be significant and as such it was lumped within the
Guelph/Amabel layer.
Within the study area, the Amabel Formation subcrop extends to widths of 4 to 12 km, occupying most of
the terrain on top of the Escarpment. Throughout much of this area, overburden is very thin or absent.
Subsequently, vertical jointing and larger fractures are quite common but irregular, and small solution
cavities are numerous. As a result, sinkholes, caves, karst springs and other features constituting karst
topography are created.
Clinton Cataract Group
Underlying the Amabel Formation are bedrock formations of the Cataract Group, which contains the
Cabot Head Formation and the Manitoulin/Whirlpool Formations. The Manitoulin Formation dolostone is
more resistive to erosion than the underlying Queenston Shale and as a result, it creates a protective
barrier to erosion. The Cabot Head Formation, which rests on top of the Manitoulin dolomites and
Whirlpool sandstones, consists of red, green and bluish grey argillaceous and calcareous shale which
may be soft and plastic or firm and compact, and is more erodible than the underlying Manitoulin and
Whirlpool Formations.
Throughout the study area, the Clinton Cataract Group subcrops in thin strands along the length of the
Escarpment. Weathering of the dominantly of shale units that compose the Clinton/Cataract Group has
resulted in a physiographic expression characterized by steep and commonly wooded slopes of
Clinton/Cataract Group shales beneath the cap rock of weather-resistant Amabel Formation dolostone
along the Escarpment.
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Queenston Formation
The Queenston Formation typically consists of thinly bedded, brick red colored shale, making it easily
recognizable in the field. There are few lateral or vertical variations in character of this formation however
blue-green bands of dolomitized shale are also common within the red shale formation.
Queenston Formation occupies lower reaches of the Niagara Escarpment. It extends southeastwardly
from western margin of the study area. It generally is considered an aquitard, however it is used as a
water supply source for residential use in some locations.
Georgian Bay Formation
This Georgian Bay Formation, consists primarily of shale with thin interbeds of limestone and dolomite.
The interbeds become thicker and the dominant lithology with very thin beds to partings of shale in the
uppermost 10 to 15 metres (Liberty and Bolton, 1971). The Georgian Bay Formation is found along
Georgian Bay extending from west of Collingwood, and the subcrop location widens significantly toward
Tottenham. It generally is considered an aquitard, however it is used as a water supply source for
residential use in some locations.
Simcoe Group
Below the Niagara Escarpment, younger Paleozoic (Middle Ordovician) rocks of the Simcoe Group
unconformably overlie Precambrian rocks. These include the Shadow Lake, Gull River, Bobcaygeon, and
Verulam Formations (Johnson et al. 1992).
Collectively, the Simcoe Group consists of limestones and dolomitic limestones with interbedded shales,
which were deposited in two transgressive cycles by a shallow tropical epeiric sea (Liberty, 1969). The
total thickness of the group in Southwestern Ontario measures up to 260 m thick (Bunner and Legault,
1989), and underlies a large portion of the model domain.
Precambrian Bedrock
Outcrops and subcrops of Precambrian bedrock are present only in the northeastern part of the study
area, in Severn Sound. In the townships of Ramara and Oro-Medonte, numerous outcrops of metasedimentary rocks consisting of granites, gneisses and migmatite are present (Liberty 1969). According to
Chapman and Putnam (1984), outcrops of Precambrian-aged metavolcanics also occur at surface in this
area.

2.2

THE GRAND RIVER WATERSHED MODEL

The Grand River Conservation Authority (GRCA) model contains six overburden layers that represent: i)
mapped Quaternary Geology / surficial sediments/ Upper Aquitard (two-layers), ii) Upper Aquifer, iii)
Middle Aquitard, iv) Lower Aquifer, and v) Lower Aquitard. This layer structure was based on
observations of stratigraphy made within the Region of Waterloo, reflecting aquifer units above and below
the Maryhill and Catfish Creek Tills (Middle Aquitard). Whereas each layer was designed to represent a
hydrostratigraphic unit, the large spatial extent of the model area and the requirement of the modelling
layers to be continuous and contain a finite thickness results in each layer representing a mixture of
aquitard and aquifer materials. Furthermore, the layer structure for the GRCA model was approximated
using an automated routine that was designed to search for shallow and deep aquifer materials separated
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by lower conductivity materials; it was not systematically designed using cross-sectional interpretations
due to scale and budget restrictions. To account for the variability of materials within each layer, the
relative hydraulic conductivity for each layer was estimated based on the lithologies recorded in available
borehole logs.
The upper two layers reflect the Quaternary and surficial sediments mapped across the model area.
These range from recent silt or clay deposits (aquitards) to sands and gravels (aquifers). In the GRCA
model area, the uppermost aquitard mapped at surface may be the Port Stanley Till in one area, and the
Maryhill Till in another. The underlying Upper Aquifer unit is designed to represent Aquifer 1, also
referred to as the Mannheim Aquifer. This aquifer unit is stratigraphically equivalent to the Oro Moraine
deposits. The Middle Aquitard is designed to represent the combination of Maryhill and Catfish Creek
Tills. Interstadial pockets are accommodated within this model using a bulk hydraulic conductivity of the
tills and sands, but it is not explicitly modelled. The Lower Aquifer is locally referred to as the Parkway
Aquifer, and is stratigraphically equivalent to the A3 aquifer in the SGBWLS study area. This lower aquifer
is sometimes isolated from the underlying bedrock by the Lower Aquitard (interpreted to be the Canning
Till or other pre-Catfish Creek Tills or fine-grained sediments). There is no regionally occurring A4 Aquifer
within the Grand River Watershed. This conceptualization of the overburden structure was extended
across the entire watershed and this structure is consistent with similar multi-aquifer systems defined in
earlier groundwater studies for the northern and eastern portions of the watershed.
The bedrock layers for the GRCA model extend from the Ontario Geological Survey mapped subcrop /
outcrop locations downwards into the subsurface; the extension is approximated using a uniform dip
toward the Michigan Basin. Eight bedrock layers were included in the model ranging from the Bois
Blanc/Bass Island/ Onondaga-Amherstburg Formations in the west to the Queenston Formation in the
east. The only model layer that is not a distinct formation, is the Eramosa Member of the Amabel
Formation, which acts as an aquitard in places where it is competent and of significant thickness.
Stratigraphically, the Eramosa Member (where present) forms the upper portion of the Amabel Formation,
and underlies the Guelph Formation. Another bedrock layer was added to the GRCA model to represent
the “contact zone aquifer” which represents the basal sand and gravel aquifer overlying weathered
bedrock horizons. For further details regarding the GRCA conceptual model, the reader is referred to the
GRCA Tier 2 Water Budget Report (2006).

2.3

THE CREDIT VALLEY WATERSHED MODEL

The Credit Valley Conservation (CVC) model contains five overburden layers that represent (i)
Quaternary/ surficial sediments/ Upper Aquitard (two-layers), (ii) Upper Aquifer, (iii) Middle Aquitard, and
(iv) Lower Aquifer. In contrast to the GRCA model, a separate Lower Aquitard layer was not simulated.
This layer structure was developed through the interpretation of cross-sections delineated throughout the
watershed during model development and ongoing model updates from 1999 to present. Model
properties were also estimated based on the recorded borehole lithology, however they were grouped
into larger sub-zones as each layer represents a distinct hydrostratigraphic unit.
The upper two layers reflect the mapped Quaternary/ surficial sediments in the area, which range from
recent silt or clay deposits (aquitards) to sands and gravels (aquifers). In the CVC area, these units
include the Halton and Wentworth Tills and as other sediments such as fluvial sands and gravel deposits
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surrounding the Credit River. The underlying Upper Aquifer unit represents ice contact sand and gravel
deposits including the Mackinaw Interstadial deposits, which correlate with the Oak Ridges Moraine
sands and gravels east of the model area. The Middle Aquitard represents the Tavistock, Port Stanley
and Catfish Creek Tills. The Middle Aquitard is referred to by some as the Northern Till, and by the
CAMC-YPDT group as the Newmarket Till. The Lower Aquifer represents a series of sediments referred
to by the CAMC-YPDT group as “the Lower Sediments”. The overburden structure described is extended
across the entire watershed area.
The bedrock layers for the CVC model extend from the mapped subcrop / outcrop locations into the
subsurface; the extension is approximated using a uniform dip towards the centre of the Michigan Basin.
Eight bedrock layers were defined in the model, and these represent the bedrock layers between the
Guelph and Amabel Formations to the Queenston and Georgian Bay Formations. The eight model layers
include two “contact zone aquifer” layers that represent the weathered bedrock horizons. For further
details regarding the CVC conceptual model, the reader is referred to the CVC Tier 2 Water Budget
Report (2008).

2.4

THE YORK PEEL DURHAM TORONTO MODEL

The Oak Ridges Moraine model developed by the CAMC-YPDT group contains seven overburden layers
that represent (i) Quaternary / surficial sediments, (ii) Upper Aquitard, (iii) Upper Aquifer, (iv) Middle
Aquitard, (v) Lower Aquifer, (vi) Deep Aquitard, and (vii) Deep Aquifer. In contrast to the CVC model, the
Upper Aquitard was incorporated as a separate layer and “the Lower Sediments” were further subdivided,
particularly within incised bedrock valley features, to delineate aquitards and aquifers within the valleys.
This layer structure was developed through the interpretation of cross-sections delineated throughout the
Oak Ridges Moraine area as part of the model development process and ongoing updates from 2002 to
the present day. Model properties were also estimated based on the recorded borehole lithology.
The upper layer reflects the Quaternary sediments mapped in the model area, which range from recent
silt or clay deposits (aquitards) to sands and gravels (aquifers). The Upper Aquitard is designed to
represent the Halton Till and Wentworth Till. The underlying Upper Aquifer unit is designed to represent
the sands and gravels of the Oak Ridges Moraine (also referred to as the Mackinaw Interstadial
sediments). The Middle Aquitard represents the Newmarket Till (stratigraphically equivalent to the Catfish
Creek Till, or referred to as the Northern Till). The Lower Aquifer represents the sands of the Thorncliffe
Complex, whereas the deep aquitard/aquifer sequence represents the fine-grained Sunnybrook Diamict
and Scarborough Sands units, respectively. This overburden structure exists across the entire study
area.
The bedrock layers simulated in the Oak Ridges Moraine model are limited to a single representation of
the weathered bedrock horizon. For further details regarding the Oak Ridges Moraine conceptual model,
the reader is referred to the CAMC-YPDT report (2006).

2.5

THE SAUGEEN VALLEY WATERSHED MODEL

The Saugeen Valley / Grey-Sauble model contains five overburden layers that represent the upper and
lower aquifers and the intervening aquitards. The layers include: (i) Quaternary/ surficial sediments/
Upper Aquitard, (ii) Upper Aquifer, (iii) Middle Aquitard, (iv) Lower Aquifer, and (v) Lower Aquitard. This
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layer structure was developed through the interpretation of cross-sections delineated along the major
bedrock valley features such as the Big Head, Beaver and Saugeen Valleys. Cross-sections were also
focused along buried bedrock valleys that extend through the model area, as these areas contain some of
the thickest accumulations of sediments. Outside the bedrock valley features, where thinner overburden
exists, the overburden units were interpolated. Model properties throughout the domain were estimated
based on the recorded borehole lithology.
The upper layer reflects the Quaternary sediments mapped across the area, which range from recent silt
or clay deposits (aquitards) to sands and gravels (aquifers). In this area, this includes the St. Joseph’s
and Elma Tills, the Saugeen Clay Plain and the Saugeen Kame Moraines. The underlying Upper Aquifer
unit represents spillway and outwash sand plains as well as the Saugeen Kame Moraines. The Middle
Aquitard represents the Tavistock Till and the Lower Aquifer represents the basal sand and gravel
deposits that overlie the Catfish Creek and older tills (Lower Aquitard). This overburden structure is
extended across the watershed regions such that the overburden layers are continuous, however the
model input properties are reflective of local conditions.
The bedrock layers for the Saugeen Valley / Grey Sauble model extend from the mapped subcrop /
outcrop locations into the subsurface; the extension was generated using available oil and gas well logs
as well as a knowledge of the bedrock dip across the area. Ten bedrock layers (including one contact
zone aquifer layer) were used to simulate each of the formations from the Detroit River Group in the west,
to the Guelph and Amabel Formations at the Niagara Escarpment face, to the underlying Queenston and
Georgian Bay Formations in the east. For further details regarding the Grey / Sauble and Saugeen Valley
conceptual model, the reader is referred to the SVCA Tier 2 Water Budget Report (2008).

2.6

SUMMARY

All models within the headwaters area contain a multi-aquifer hydrostratigraphic structure. The
hydrostratigraphic units within each model were designed based on a type section within each study area;
however in some models the layers may cross depositional time horizons from the area of the type
section toward the edges of the model.
Table 2.2 and Table 2.3 provide a comparison of the hydrostratigraphic and stratigraphic units
represented within each water budget model.
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Bedrock

Overburden

Table 2.2: Hydrostratigraphic Layers

Hydrostratigraphic Units
Upland Aquifer
Upper Aquitard
Upper Aquifer
Middle Aquitard
Lower Aquifer
Lower Aquitard
Deep Aquifer
Deep Aquitard
Contact Zone Aquifer
Detroit River Group
Bois Blanc / Bass Island Formations
Salina Formation
Guelph Formation
Amabel Formation
Clinton / Cataract Group
Queenston Formation
Georgian Bay Formation
Simcoe Group

Regional Hydrogeologic Model Layers
SV/GS
CAs
GRCA
CVC
YPDT SGBWLS
1-8
1
1,2
1,2
1
9
2
3
3
2
10
3
4
4
3
11
4
5
5
4
12
5
6
5**
5
13
5*
6*
5**
6
14
5*
6*
5**
7
15
6
7
6,7
8
7
8
8
9
9
10,11
10,11
8
9,10
12
12
8
9,10
13
13
9,10
11,12
14
14
11
13,14,15
15
12
16

* Layers representing deep units within valley features transition to bedrock layers outside valleys.
** Deep units lumped with “lower sediment package” for CVC model. Deep sediments undifferentiated from
lower sediments in the GRCA and SV/GS CA models.
Note - uppermost model layer represents mapped Quaternary sediments in all models

Table 2.3 represents the stratigraphic type section layers represented within each model. This table
illustrates the stratigraphic connections between the various models and their individual layer structures.
The age of deposits for the overburden sediments reported here refers to sediments in the upland areas
of the SGBWLS area. Lowland area deposits are expected to be of the Port Huron age. Three
conceptual cross sections (Appendix A) show the general position of the geological members discussed
in this section across watershed boundaries. Their approximate locations are shown on Figure 2.4.
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Table 2.3: Stratigraphic Layers of Surrounding Models
Age of
Deposits

Overburden

(‘000s years ago)

Holocene –
Recent (<12)
Port Huron
Stadial (13-12)
Mackinaw
Interstadial (1314)
Port Bruce
Stadial (1415.5)
Erie Interstadial
(15.5-18)
Nissouri Stadial
(18-25)
MidWisconsinan
(25-53)
Early
Wisconsinan
(53-80)
Middle
Devonian
Lower Devonian

Bedrock

Upper Silurian

Middle Silurian

Hydrostratigraphic Model Layer Descriptions
SV / GS CA Watershed Model

GRCA Watershed Model

YPDT Model

Coarse-grained glaciofluvial/ glaciolacustrine/ ice-contact drift;
spillway/ outwash sand plains; Saugeen Kame Moraines, Oak Ridges Moraine, Oro Moraine
Fine-grained till, and lacustrine
clay; Tavistock Till
Interstadial outwash sand and
gravel
Subglacial till;
Catfish Creek (Northern) Till

Subglacial till sheets and glaciolacustrine clays;
Port Stanley, Tavistock, unnamed till (L. Simcoe lobe), Maryhill Till, Catfish Creek Till and Northern Till; Orangeville Interlobate Moraine

Coarse-grained sand/ gravel; bedrock valley infill

Thorncliffe or equivalent
Buried bedrock valley infill sediments

Fine-grained till, sediment; (Canning Till, buried
bedrock valley infill sediment)
Contact zone, upper 3-5 m of weathered and fractured bedrock
Lucas/ Amherstberg Formation;
Limestone/ dolostone
Bois Blanc Formation; Limestone/
Onondaga- Amherstburg/ Bois-Blanc/ Bass Islandsdolostone
Bertie Formations
Bass Island Formation; Limestone/
dolostone
Salina Formation; Dolostone with evaporates
Guelph Formation
Guelph Formation;
Limestone/ dolostone
Eramosa Member
Amabel Formation; limestone/ dolostone

Sunnybrook Diamict and Scarborough Sands or equivalent;
buried bedrock valley infill.

Guelph & Amabel Formations;
limestone/ dolostone
Cabot Head Formation; shale
Manitoulin / Whirlpool Formations;
dolostone and sandstone

Clinton-Cataract Group; interbedded dolostone and shale
Queenston Formation; shale
Georgian Bay Formation; shale

Georgian Bay Formation; shale

(Empty white cells: layer was not simulated in the model either due to simplifications or lack of specific strata within each study area. Grey cells: layer was included in the respective models)
* representative for the upland areas; lowland areas were deposited in the Port Huron Stadial.
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SGBWLS Model *

Subglacial till sheets, glaciolacustrine diamict and lacustrine clay plains; Mornington, Wentworth, Halton, Newmarket, St. Joseph’s, Elma Tills; Saugeen Clay Plain

Lower Silurian

Upper
Ordovician
Middle
Ordovician

CVC Watershed Model
Coarse grained alluvium; glaciofluvial
channel deposits
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Guelph & Amabel
Formations; limestone/
dolostone
Clinton-Cataract Group;
interbedded dolostone and
shale
Queenston & Georgian Bay
Formations; shale
Simcoe Group; limestone
with shale and sandstone
interbeds
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3 Hydrostratigraphic Edge-matching
As noted in Section 2, all of the models within the Headwaters Area have a similar structure and are
based on geologic / hydrogeologic insight corresponding to local geological interpretations and mapping.
Despite this, the interpretations are not expected to be identical at the watershed boundaries because of
the different approaches to interpretation applied in each study. From a water budget perspective, an
exact match to stratigraphic units is not critical; it is the cross-boundary flows that are most relevant.
Despite this, an attempt was made to incorporate consistent geologic layering between models for the
SGBWLS model, particularly within the bedrock layers. The focus on bedrock layers reflects our
expectation that deeper strata are less likely to be influenced by topographic divides (e.g., watershed
boundaries).

3.1

OVERBURDEN SURFACES

For the overburden hydrostratigraphic matching, an effort was made to review and verify that similar
features were represented in each headwaters area model.
The available models surrounding the Headwaters Area were reviewed to ensure that similar geologic /
hydrogeologic features were represented within each model. As detailed in Table 2.3, the overburden
units that were represented within each of the headwaters models were consistent. However, as
indicated in Table 2.2, each model used different approaches to represent these features within the
model structure (layers) depending upon the importance of each feature throughout each study area. For
example, the SGBLS model used eight (8) model layers to represent shallow features, primarily for the
Oro Moraine area, which were not required within the surrounding models. Similarly, some of the deep
overburden features (Mid- to Early-Wisconsin sediments) are lumped into one layer in models above the
Niagara Escarpment, whereas these features have been subdivided in models below the escarpment.
Whereas information from adjacent models was incorporated into the model development, detailed efforts
for edge-matching were not required to complete the overburden surfaces for SGBWLS model. Above
the Niagara Escarpment, not all overburden features are found to be present as the overburden is thin
and discontinuous; as such stratigraphic edge-matching along this section was not practical, Below the
Niagara Escarpment, surface definitions of the overburden stratigraphic features were taken from the
previous characterizations (South Simcoe Groundwater Study; Golder, 2004). As illustrated in model
descriptions in Section 2, the characterization of overburden units from the South Simcoe Groundwater
Study and CAMC-YPDT Oak Ridges Moraine study were compatible.

3.2

BEDROCK SURFACES

For the bedrock hydrostratigraphic edge-matching, additional effort was required to complete the model
layer structure for the SGBWLS model, as these layers were not previously delineated within the
SGBWLS model area. Furthermore, this effort was considered appropriate recognizing their potential
importance to conveying cross boundary flows.
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Incorporating existing data to complete the bedrock surfaces for the SGBWLS model consisted of the
following steps:
1. Completion of a continuous top of bedrock surface within the interior of the model domain;
2. Assigning the top of bedrock elevation data into separate bedrock surface according to subcrop
mapping;
3. Extending these distinct layers by determining the depth of the bedrock layers in areas with no
data with data from surrounding models (edge-matching), and/or reported strike and dip values;
and
4. Interpolation of the new bedrock surfaces using data from Step 3 as control points.
These steps resulted in continuous bedrock layers that remain consistent with the top of bedrock data
points, mapped OGS subcrop locations, and the bedrock layers from the surrounding models.

3.2.1

Assigning top of bedrock data to distinct bedrock layers

As described in Section 2, each of the headwater study areas contained a multi-layered structure to
represent bedrock surfaces units, with the exception of the CAMC-YPDT model, which used only the top
of the bedrock surface. For simplicity, some bedrock units with similar hydrogeologic characteristics within
this study area were grouped. Notably, the Guelph Formation (in all surrounding models), Eramosa
(GRCA) and Amabel (in all surrounding models were combined and labelled as the Guelph & Amabel
Formations for the SGBWLS model). Similarly, the Clinton Cataract Group (SVCA and GRCA) and the
Cabot Head Formation (CVC) and Manitoulin Formation (CVC) were combined and labelled the ClintonCataract Group for the SGBWLS study. Both units consist of interbedded dolostone and shale and can
be hydrogeologically represented as a combined unit with a relatively higher anisotropy. The remaining
formations, the Queenston Formation, the Georgian Bay formation and the Simcoe group were also
incorporated because of their significant thickness and subcrop area within the study area.
The resulting units were separated into distinct GIS (Geographic Information Systems) layers
representing each bedrock unit that subcrops or outcrops within the model area, including:
-

Guelph & Amabel Formations; limestone/ dolostone;
Clinton-Cataract Group; interbedded dolostone and shale;
Queenston & Georgian Bay Formations; shale; and
Simcoe Group; limestone with shale and sandstone interbeds.
Precambrian Bedrock

The elevation of the top-of-bedrock surface described above was transferred to these GIS layers so that
these elevations could be separated into the appropriate subcropping or outcropping units.
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3.2.2

Assigning of Control Points from Surrounding Models

The surfaces from the Step 2 provided distinct model surfaces for each of the bedrock surfaces, with the
exception of the bedrock location at depth underneath the Escarpment subcrops. Therefore, these
surfaces had to be projected towards the western boundary of the model domain with the appropriate
elevations in order to maintain proper unit sequences with appropriate layer thicknesses. To accomplish
this, the distinct surfaces were appended with those from the surrounding or overlapping headwater
models. In addition, control points were added in areas with no data to enforce the appropriate strike and
dip of the units (Figure 3.1) and achieve a smooth and realistic transition between areas that contain
data. These control points serve to complete the surfaces where elevations are unknown, while
maintaining commonly accepted conceptual understanding of the units in relation to each other and as
part of the Michigan Basin.
Figure 3.1: Example of Applying Control Points: Clinton Cataract Group

3.2.3

Interpolation of Final Surfaces

The combination of surfaces from different sources with control points was then reconciled by
interpolating using the Natural Neighbour interpolation method at a resolution of 100 m to ensure a
smooth transition between data points. Cross sections were created to compare to boreholes and known
outcrop locations along the Niagara Escarpment, and the surfaces were adjusted as needed. This helped
to ensure that the final compilation of the units resulted in a realistic depiction of the bedrock in the study
area and remained consistent with observed field data.
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4 CROSS BOUNDARY FLOWS
It is widely recognized that watershed divides do not necessarily correspond with groundwater flow
system divides. To ensure continuity and mass conservation, cross-boundary flows within the
groundwater system from one watershed to another needed to be quantified and maintained consistent
from one model to another. To accomplish this, the hydrostratigraphic model layers from each of these
areas (particularly for the bedrock) were used to develop continuous layers that extended across the
watershed boundaries. To ensure continuity and mass conservation between the flow models, the crossboundary transfers predicted from surrounding models were incorporated into the SGBWLS model.
After a review of the surrounding models, it was found that all models had some component of flow
leaving or entering the model along the shared boundary. Water budget analyses were conducted within
the surrounding models to determine the amount of flow exchanged along the shared borders. In order to
maintain mass conservation among the headwaters watershed models, the flows were then represented
within the SGBWLS model in the form of constant flux boundary conditions. The boundary conditions
were applied laterally along the extent of the contributing boundary of the SGBWLS model, within the
appropriate hydrostratigraphic layers. These cross boundary flows are summarized below and both the
direction and magnitude of the flows, as well as the applied boundary conditions, is presented in Figure
4.1.
Table 2.2 and Table 2.3 illustrate that there is a high degree of consistency between the layer
representations within adjacent models, both within the overburden and bedrock. Consequently, the layer
structures of the models generally allow a reasonable comparison of cross-boundary flows. However, as
each model was generated independently and contain slightly different interpretations, it was not possible
to be exact in the application of the cross boundary flows within each overburden and bedrock unit. For
example, GRCA contains both the Eramosa and Guelph Formations, whereas the SGBWLS model
contains a grouped Guelph & Amabel layer. As a result, it was necessary to consider aggregate crossboundary flows along selected boundary reaches and for grouped overburden and bedrock layers.

4.1

SAUGEEN VALLEY WATERSHED

Within the SVCA model, observed data indicated trends of water loss out of the watershed to the
SGBWLS watershed. This was accommodated within the SVCA model during the calibration process by
the addition of constant head boundary conditions along the shared model border with the SGBWLS
model, which resulted in an exchange of water from the SVCA model to the Blue Mountain subwatershed
in the SGBWLS model domain within the Guelph/Amabel Formations. This flow is approximately 9,000
3
m /day (100 L/s) from both sides of the Pretty River headwaters area, along 4 km of the shared boundary.
Flux boundaries applied to the SGBWLS model to represent this transfer improved the calibration efforts
in this area, which verifies the need for the boundary condition in the SGBWLS model.
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4.2

CREDIT RIVER WATERSHED

As part of the model building process for the CVC model, water levels (shallow and deep) were reviewed
in the areas surrounding the model domain. In areas where water level trends indicated cross-boundary
flow, constant head boundary conditions equivalent to the equipotential heads in those layers were
applied. In the northern reaches of the model, constant head cells were applied at depth to account for
the flow of water out of the model area along a narrow buried bedrock valley. The flow from the CVC
model originates from the Island Lake Reservoir to the headwaters of the Nottawasaga River and occurs
mainly within the bedrock formations (Amabel and Queenston Formations) with a magnitude of 6,400
3
m /day (70 L/s). This transfer of water was necessary to support calibration efforts within the SGBWLS
model.

4.3

GRAND RIVER WATERSHED

When the GRCA model was updated by AquaResource (2006), water level trends around the perimeter
of the model were carefully reviewed. The review process focused on evaluation of potential areas of
cross-boundary flows to ensure that this potential flow was could occur within the simulation. For the
deep groundwater system, exchange occurred most notably through the sediments infilling the buried
Dundas Valley, within the Whiteman’s and Mackenzie Creek Subwatersheds, the headwaters of the
Conestoga River, the region near Orangeville and Erin (Eramosa River Subwatershed) and beneath the
Haldimand Clay Plain (largely within the bedrock).
Within the Grand River model, flow is exchanged to the Grand above Shand Dam subwatershed from the
Upper Nottawasaga subwatershed in the SGBWLS model, largely within the Guelph / Amabel
Formations. Flow into the GRCA headwaters from the SGBWLS is approximately 2,000 m3/day (20 L/s).
The application of the representative flux boundary at this location was also appropriate within the
SGBWLS model.

4.4

YORK PEEL DURHAM TORONTO STUDY AREA

For the CAMC-YPDT study, two models have been generated. The first is a Regional Model that extends
from Georgian Bay to Lake Ontario (see Figure 1.2). The second is referred to as the Core Model and
has a coincident boundary with the NVCA, but extends into the LSRCA, encompassing the Holland River
sub-watershed and areas further west (beyond the SGLWLS study area). Cross-boundary flows were
selected from the Regional Model as they capture regional flow and are not pre-defined by an imposed
boundary condition.
The CAMC-YPDT Regional model was used to indicate cross-boundary flows across the southern
SGBWLS boundary. A “zone budget” analysis in MODFLOW was completed within the CAMC-YPDT
model where it is intersected by the SGBWLS model boundary. For the majority of this boundary, the
simulated groundwater divide follows the topographic divide, however there are some cross boundary
flows near the Palgrave area. The analysis indicated that flow to the CAMC-YPDT model originates from
3
the headwaters of the Nottawasaga River near Palgrave at a magnitude of 3,500 m /day (40 L/s).
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Based on our review and modelling efforts, we questioned the predicted cross-boundary flow modelling
results for the following reasons:
•

The direction of flux derived from the CAMC-YPDT model does not agree with observed shallow
water level trends in the area;

•

The cross-boundary flow predicted in the CAMC-YPDT Regional Model is not consistent with the
applied boundary condition for the above noted “Core model” (completed using the same
conceptual geology), where a no-flow boundary condition is applied; and

•

The application of this boundary condition within the SGBWLS model resulted in poor calibration
results in the Palgrave area.

Despite these questions, the cross-boundary flow condition was applied to ensure mass conservation
from one model area to the next. Recognizing these remaining issues, it is recommended that more
analysis is needed. As the CAMC-YPDT model is still in progress, flow dynamics between the two
study areas may change in future iterations.
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5 Discussion and Key Uncertainties
In almost all cases, the edge-matching of hydrostratigraphy and cross-boundary flows between the large
headwater models and the SGBWLS model was completed without difficulty. The approach was to
implement the cross-boundary flows as simulated within the surrounding models and verify that they were
reasonable, within the limits of the available conceptual model and the calibration data, through
calibration within the SGBWLS model. These efforts result in conceptually continuous model layers and
mass conservation between the model domains.
As with any study, the edge-matching efforts also have limitations. Many elements of the modelling
process using any modelling or interpolation tools are subject to uncertainty, and hydrostratigraphic
conceptualization is not exempt from this uncertainty. The hydrostratigraphic models are developed to
represent natural systems, but are recognized to represent simplifications of the natural environment and
the hydrologic parameters, particularly hydraulic conductivity of geologic units. In reality, the scientific
approach involves representation of physical conditions observed using approximations of larger-scale
functionality. This approximation does not negate the ability to apply these conceptual models as tools to
help understand and manage natural systems. In light of these limitations, inter-basin transfer flows
should be considered approximate and should be verified where detailed information / knowledge is
required.
For the purposes of water budgeting, the modelling estimations using existing water level data from the
water well record database and other available sources, along with estimates of hydraulic conductivity,
provide reasonable estimates of cross-boundary flows. Where independent models predict different
cross-boundary flows, additional characterization effort or review of data may be required to resolve
potential differences (primarily with the estimated hydraulic conductivities). Based on the experiences
from this study, three of the adjacent watershed models were found to be in agreement with observed
data both within the SGBWLS model, as well as the adjacent model. Therefore, the predicted crossboundary flows from the SVCA, GRCA and CVC models were found to be reasonable. The lone
exception to this was the CAMC-YPDT model; however that model is being further refined and so the
inter-basin flows between it and the SGBWLS model may need to be re-evaluated in the future.
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Appendix A: Conceptual Cross Sections

November 2010

24

SOUTH GEORGIAN BAY WEST LAKE SIMCOE
REGIONAL EDGE-MATCHING STUDY

Figure A.1: Conceptual Cross Section Across The Niagara Escarpment
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Figure A.2: Conceptual Cross Section (Michigan Basin Boundary/Oro Moraine)
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Figure A.3: Conceptual Cross Section (Oak Ridges Moraine)
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