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Abstract 
The Ontario Geological Survey (OGS) has completed a three-dimensional mapping project bedrock 
surface and overlying Quaternary deposits in the Barrie–Oro Moraine area of southern Ontario.  This 
project builds on the successes of the recently completed Regional Municipality of Waterloo pilot project 
and the Brantford–Woodstock region study and, similar to those projects, is aimed at fulfilling the 
mandate of the OGS groundwater program to provide basic geoscience information necessary for the 
identification, protection and preservation of provincial groundwater resources. 

Key objectives of the 3-D mapping project are 1) the reconstruction of the Quaternary history of the 
Barrie–Oro Moraine area of southern Ontario, 2) the development of a 3-D model of Quaternary 
sediments, 3) the characterization of the properties of the modelled sediment packages and 4) to delineate 
areas of aquifer vulnerability and potential recharge areas. 

This report briefly summarizes the geology of the Barrie–Oro Moraine area, provides an in-depth 
discussion of the procedures and protocols involved in the construction of the three-dimensional geologic 
model and, finally, contains a brief discussion of the distribution, thickness, geometry and properties of 
the modelled units.  The report also contains a discussion of aquifer vulnerability and recharge.  Structural 
contour and isopach maps, west-east and south-north cross sections at 2.0 km intervals and a depth to 
aquifer map that can be used to assess aquifer vulnerability and recharge areas are contained at the end of 
this report. 

Digital data accompany this Groundwater Resources Study.  The data consist of 1) chittick and 
revised grain size analysis results; 2) revised and simplified visual logs from the 2004, 2005 and 2006 
drilling programs; 3) portable document format (.pdf) versions of the plates; 4) comma-delimited (.csv) 
text files of both continuous and discontinuous surfaces on a 100 m grid; 5) 100 m ESRI® ArcInfo® 
structural contour grids of discontinuous surfaces; 6) an abridged version of the subsurface database 
(.mdb) containing borehole locations and stratigraphic information; and 9) a .kmz file that portrays 
transparent overlays of the structural contour and isopach maps, borehole locations and lithologic logs in 
a web-based (Google Earth™ mapping service) environment.  This functionality allows for enhanced user 
interaction with the spatial data. 

 



 

1 

Introduction 
Pressures directed at protecting and preserving the quality and sustainability of the provincial 
groundwater resource have greatly increased since the Walkerton tragedy of May 2000.  The recent 
implementation of the Clean Water Act in Ontario has further focussed the attention of all levels of 
government, conservation authorities and members of the public on the importance of protecting 
groundwater resources.  One of the key recommendations contained within the report of the Walkerton 
Inquiry was the implementation of watershed-based, source water protection plans for all regions of the 
province.  Source water protection plans are designed to protect human health by ensuring that current 
and future sources of drinking water in Ontario are protected from potential contamination and depletion.  
According to the United States Environmental Protection Agency, the costs of remediating contaminated 
groundwater can be up to 40 times greater than taking initial steps to protect water at the source. 

Source water protection plans contain 1) inventories of existing and possible threats to the ground 
and surface water resource; 2) maps that highlight source water protection areas, areas of known and 
possible contamination and areas where ground and surface water is more vulnerable to contamination; 
3) information on soils, geology, topography, forest cover, wetland distribution and classification, crops 
and water-well locations; 4) a ranking of known and possible threats to surface and ground water and the 
identification of vulnerable areas; and 5) the establishment of regular monitoring and reporting practices. 
A good understanding of the properties and three-dimensional (3-D) architecture of geologic materials is 
required for development of these source water protection plans.  To this end, the Ontario Geological 
Survey (OGS) has initiated a program of 3-D mapping of Quaternary deposits within selected areas of 
Ontario.  The initial pilot project in the Regional Municipality of Waterloo (“Waterloo Region”) saw the 
development of protocols for the construction of interactive 3-D models of Quaternary geology and 
derived products that could 1) aid in studies involving groundwater extraction, protection and 
remediation; 2) assist with the development of policies surrounding land-use and nutrient management; 
and 3) help to better understand the interaction between ground and surface waters.  Waterloo Region was 
chosen for this pilot project as it is one of the largest municipal users of groundwater in Canada; relying 
almost exclusively on bedrock and overburden aquifers for their potable water supply. 

Following early successes in the Waterloo Region pilot project, the OGS initiated a second 3-D 
mapping project in the Barrie–Oro Moraine area of southern Ontario centred on the Oro Moraine.  This 
area was selected for study for several reasons.  First, the Oro Moraine forms both a regional aquifer 
recharge area and the headwaters for 4 major watersheds within the South Georgian Bay–Lake Simcoe 
Watershed Region (Lake Simcoe, Nottawasaga, Severn Sound and Black–Severn rivers) and impacts on 
the source water protection planning of the Lake Simcoe Conservation Authority, the Nottawasaga Valley 
Conservation Authority and the Severn Sound Environmental Association.  Second, the Oro Moraine 
study area is located north of the provincially designated greenbelt area and, as such, is poised to receive 
accelerated population growth placing increasing pressure on existing groundwater resources.  Third, the 
City of Barrie has a current population of 132 000 with an annual growth rate of nearly 5% and is targeted 
under the Places to Grow Act (legislation outlining the vision for growth for the Province of Ontario).  
This Act focusses on intensification of existing built-up areas and, in particular, areas that offer municipal 
water and wastewater systems as a way to accommodate the envisioned future potential growth in the 
area.  This means that finding and protecting new sources of groundwater in the region will become even 
more important in the future.  Fourth, the towns and townships within the project area rely on 
groundwater for their potable drinking water supply and would benefit from the improved understanding 
of the geology in the area where their municipal wells are located. 

Many of the protocols developed for the Waterloo Region project were robust enough that they could 
be directly applied to a quite different study area.  The Oro Moraine project provided significant new 
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challenges, however, including, but not limited to, the presence of major waterbodies, a very deep and 
broad overburden valley network, much thicker overburden with little data in the deeper subsurface, large 
areas with very few data points, a general absence of high-quality data and a moraine system and study 
area in general that has rarely been the focus of previous investigations.  These challenges, coupled with 
the migration to a new version of the modelling software, required the refinement of some protocols as 
well as the development of new ones. 

Key objectives of the current project are 1) reconstruction of the Quaternary history of the Barrie–
Oro Moraine area of southern Ontario, 2) development of a 3-D model of Quaternary sediments and the 
characterization of the properties of the modelled sediment packages and 3) delineation of areas of aquifer 
vulnerability and potential recharge areas.  The model is based on the interpretation of natural and man-
made exposures, existing drill records (water wells, geotechnical drilling, etc.) and new drilling.  It is 
anticipated that the products will be used by a variety of client groups for studies involving groundwater 
recharge, exploration, extraction, protection and remediation; studies to support the Clean Water Act; 
detailed planning for healthy community growth; development of policies surrounding land-use and 
nutrient management; and enhanced understanding of the interaction between ground and surface waters. 

Location 
The study area encompasses approximately 1200 km2 of the County of Simcoe (“Simcoe County”) 
between Georgian Bay and Lake Simcoe in southern Ontario, and is centred on the Oro Moraine 
(Figure 1).  Lake Couchiching and Lake Simcoe form a natural geological and hydrological boundary to 
the east and southeast, respectively, of the study area.  The transition from thick overburden to exposed 
bedrock, roughly coinciding with Severn Sound, forms the northern boundary.  The western boundary is 
arbitrarily located at the edge of a large, low-lying clay plain.  The Township of Oro–Medonte, the 
Township of Severn (southern half), the Township of Tay (central and eastern portions), the Township of 
Springwater (eastern half) and the Township of Essa (far northeast portion), the City of Barrie and the 
City of Orillia, represented on 1:50 000 scale NTS map sheets 31 D/5, 6, 11, 12, 13 and 14 are included 
within the study area. 

The cities of Barrie (census metropolitan area) and Orillia (census agglomeration) are the largest 
urban centres within the study area with a combined population over 217 000 and 2001 to 2006 growth 
rates of 19.2% and 5.7%, respectively (Statistics Canada 2011).  The remainder of the population within 
the study area (estimated at 45 000 to 50 000 people) is concentrated in smaller centres and hamlets, 
although there is a significant rural population.  The Township of Oro–Medonte has a population of 
approximately 20 000 and a 2001 to 2006 growth rate of 9.4% (Statistics Canada 2011).  The 
communities of Coulson, Craighurst, East Oro, Edgar, Forest Home, Guthrie, Hawkestone, Horseshoe 
Valley, Jarratt, Moonstone, Oro Beach, Oro Station, Prices Corners, Rugby, Shanty Bay and Warminster 
are located within the township.  The Township of Springwater has a population of over 17 450, although 
not all are included within the study area.  The communities of Anten Mills, Centre Vespra, Hillsdale, 
Midhurst, Orr Lake and Snow Valley have a combined population of over 6000.  Other communities 
within the study area include Apto, Crown Hill, Dalston, Fergusonvale, Sandy Beach and Grenfell.  The 
Township of Severn has a population of over 12 000, the majority of whom reside within the study area 
(Statistics Canada 2011).  The communities of Ardtrea, Bass Lake, Coldwater, Marchmont, and 
Westshore are located within the study area.  The Township of Tay has a population of over 9700, the 
majority of whom are located within study area (Statistics Canada 2011).  The communities of Port 
McNicoll, Sturgeon Bay, Victoria Harbour, Waubaushene, and Waverly are located within the study area. 
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The Barrie–Oro Moraine area is serviced by a combination of provincial, county and local roads.  
Provincial highways 11, 12, 26, 93 and 400 provide easy access to, and across, the study area.  Key 
county roads include Ridge Road (county road 20), Old Barrie Road (county road 11), Horseshoe Valley 
Road, Moonstone Road (county road 19), Vasey Road (county road 23), Upper Big Chute Road (county 
road 17) and county roads 27 and 43.  Township roads and county forest tracks provide adequate road 
access to the rest of the study area.  There is one public airport, the Lake Simcoe Regional airport, located 
midway between Barrie and Orillia. 

Physiography 
There are several distinct physiographic regions within the study area including the Simcoe Uplands, 
which is bisected by a tunnel-valley network, the Oro Moraine, and the Simcoe Lowlands (Figure 2) 
(Chapman and Putnam 1984).  Field observations from each region may be found in Burt (2004, 2006) 
Burt and Russell (2005) and Slattery (2003).  The Simcoe Uplands physiographic region extends from 
Lake Simcoe northeast to Severn Sound encompassing a series of upland features separated by a network 
of incised broad, steep-sided sandy floored tunnel valleys on the western side of the study area (Photo 1).  
Most of the valleys are southward trending, although there are westward-trending valleys in the southern 
part of the study area.  There are underfit perennial streams in the valley bottoms.  The upland surfaces  

 

 
 

Figure 1.  Location map of the study area. 
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Figure 2.  Physiography of the Barrie–Oro Moraine study area (Ontario Geological Survey 2007). 
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are typically gently to steeply rolling to streamlined till locally overlain by fine- to coarse-grained 
glaciolacustrine and outwash deposits.  Sandy to silty sand Newmarket Till and the informally named 
‘northern’ tills form the upper till unit across most of the study area with small, local deposits of younger 
silt to clayey silt Kettleby Till.  There are few perennial streams in the Simcoe Uplands physiographic 
region.  Well-defined shorelines, boulder pavements and beaches formed by glacial Lake Algonquin and 
postglacial lakes surround the uplands, whereas beach ridges and large spits accumulated on the valley 
bottoms.  Small organic deposits consisting of peat, muck and marl are found in low-lying areas on the 
Simcoe Uplands and adjacent to lakes.  There are also organic deposits overlying glaciolacustrine clay in 
some tunnel channels.  Typical surface elevations range from 220 to 250 m asl in the tunnel valleys and 
280 to 350 m asl on the uplands (Figure 3). 

The Simcoe Lowlands are further divided into the Minesing Flats, Edenvale Moraine, Elmvale clay 
plain and Coldwater clay plain (see Figure 2) (Chapman and Putnam 1984).  The Minesing Flats are 
located in a small basin at the far south west of the study area.  The southeastern part of the basin, the 
Minesing Swamp, consists of a central open bog and surrounding undrained swamp with thick peat 
accumulations forested with hardwood species.  Further north and east, the basin is characterized by clay 
and marl and is subject to flooding.  There is a small remnant upland area within the Minesing Flats.  
The flats are separated from the Elmvale clay plain to the north by the Edenvale Moraine.  The Edenvale 
Moraine is bisected by a 30 m deep and 250 to 350 m wide gorge cut by the Nottawasaga River.  The 
Elmvale clay plain consists of low-relief thick marl and clay deposits separated by a bevelled till plain, 
composed of wave-modified Late Wisconsin Georgian Bay lobe sandy silt Allenwood Till, that extends 
west toward Wasaga Beach (Ontario Geological Survey 2010).  The Coldwater clay plain extends south 
and east from Severn Sound.  The generally low-relief clays are broken by bedrock outcrops to the north 
and by streamlined Newmarket Till to the south.  Wetlands and organic deposits are found in low-lying 
areas of the clay plains (Photo 2).  Typical surface elevations range from 180 to 200 m asl in the Minesing 
Flats and Coldwater clay plain, increasing to 210 to 230 m asl for the Edenvale Moraine and Elmvale clay 
plain. 

 

 
 

Photo 1.  View from the base of a flat-bottomed valley to the upland area beyond. 
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Figure 3.  Digital elevation model (DEM) of the Barrie–Oro Moraine study area. 
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The most prominent feature of the study area is the approximately 165 km2 Oro Moraine that extends 
from Bass Lake westward to Highway 400 (Figure 4).  This upland feature has numerous local topographic 
highs and has been deeply incised by surface drainage although there are currently no perennial streams 
(Photo 3).  Surface elevations range from 320 to 395 m asl (see Figure 3).  The Oro Moraine forms the 
headwater region and a key drainage divide between the 3 largest watersheds in the study area: the Lake 
Simcoe, Nottawasaga Valley and Severn Sound watersheds (see Figure 4).  Two conservation authorities, 
the Nottawasaga Valley Conservation Authority (Nottawasaga Valley watershed) and the Lake Simcoe 
Region Conservation Authority (Lake Simcoe and Black–Severn rivers watersheds), and the Severn Sound 
Environmental Association (Severn Sound watershed) are responsible for the development and execution of 
source water protection plans.  These watersheds form the South Georgian Bay Lake Simcoe Source 
Protection Region. 

 

 
 

Photo 2.  An example of a small wetland located in the Coldwater clay plain. 
 
 

 
 

Photo 3.  Southern edge of the Oro Moraine. 
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Figure 4.  Outline of the Oro Moraine and approximate conservation authority boundaries (boundaries information from 
Conservation Ontario 2007). 
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In general, streamflow is highest during the spring, due to snow melt and higher precipitation, and 
tapers off throughout the summer.  South and southeast of the moraine, typically small perennial streams 
drain the Simcoe Uplands and flow directly into Lake Simcoe.  There are several local wetlands that 
provide important wildlife habitat, particularly near Orillia, but no other significant lakes within the Lake 
Simcoe watershed (see Figure 4).  West and southwest of the moraine, short tributary streams drain the 
Simcoe Uplands feeding into larger, though still underfit, streams in the tunnel-valley network and into 
Georgian Bay via the Nottawasaga River system.  Little Lake, located north of the city of Barrie, and the 
Minesing Swamp, located in the far southwest of the study area, are important waterbodies in the 
Nottawasaga Valley watershed.  Within the Severn Sound watershed north and northwest of the moraine, 
the Simcoe Uplands are drained by underfit streams through the tunnel-valley network into Severn Sound.  
Orr Lake and Bass Lake are located in this part of the watershed.  The Coldwater clay plain also drains 
westward into Severn Sound.  A small portion of a fourth watershed, the Black–Severn rivers watershed, 
is located in the far northeast of the study area.  Surface water drains from a narrow extension of the 
Simcoe Uplands directly into Lake Couchiching. 

The study area is located at the northern boundary of the temperate Great Lakes climate zone.  The 
moderating influence of the Great Lakes leads to warm humid summers and short cold winters.  Average 
annual precipitation varies from 900 mm near Barrie to 1050 mm further north in Orillia and Coldwater.  
Average daily temperatures range from –9°C in January to +20°C in July and August.  The northern 
boundary of the Mixedwood Plains ecozone corresponds with the boundary of the Great Lake climate 
zone.  The Mixedwood Plains are characterized by a mixture of deciduous and evergreen species, 
although very little of the original woodland remains.  Beech, maple, walnut, red oak and white oak are 
primary deciduous species, whereas white pine, red pine and eastern hemlock are the dominant coniferous 
species. 

There are a wide range of land uses within the study area, each of which places different pressures on 
the natural ecosystem.  Much of the study area is rural and resource based.  The Simcoe Uplands and 
better drained portions of the Simcoe Lowlands are used for a wide variety of farming operations.  
Aggregate operations are concentrated on the Oro Moraine, but there are some pits in the Simcoe Uplands 
particularly where the tunnel-valley network bisects gravel deposits.  There is a large bedrock quarry 
located in the far north of the study area where glacial drift is thin.  There is logging in the Simcoe County 
forest plantations and a fishery in Coldwater.  Recreational land use is also very important.  Severn 
Sound, Lake Simcoe, Lake Couchiching, Orr Lake and Bass Lake are popular cottage areas.  Many 
Simcoe County forests have trails for hiking, biking and horseback riding as well as mechanized sports.  
There are provincial parks, wildlife areas, conservation areas and 3 ski resort areas.  The cities of Barrie 
and Orillia are the main population centres within the study area and have a combination of residential, 
commercial and industrial uses. 
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Regional Geologic Setting 

PRECAMBRIAN GEOLOGY 

Exposures of bedrock in the study area are limited in extent and are confined to a narrow east-trending 
band across the northern boundary.  Outcrops straddle the Black River Escarpment (Photo 4) that 
represents the contact between older Proterozoic rocks of the Grenville Province to the north and Middle 
Ordovician rocks to the south (Figure 5). 

Rocks of the Grenville Province consist of layered biotite gneiss and migmatite, quartzofeldspathic 
gneiss, orthogneiss and paragneiss around the northern tip of Lake Couchiching.  Westward toward 
Georgian Bay, the rocks consist of tonalite, granodiorite, monzonite, granite, syenite and derived gneisses 
(Ontario Geological Survey 1991).  At the southern extent of mappable Proterozoic bedrock, the main 
map unit is a bedrock–drift complex where exposed or thinly covered rounded knobs protrude through 
flat-lying glaciolacustrine and recent organic sediments (Photo 5).  Outcrops become larger northward 
and more continuous in nature. 

PALEOZOIC GEOLOGY 

The bedrock geology of the study area is dominated by Middle Ordovician rocks that dip gently to the 
southwest (Liberty 1969).  The oldest formations are exposed or subcrop in the north, whereas the 
younger formations subcrop progressively to the south (see Figure 5).  The lowermost (oldest) unit, the 
Shadow Lake Formation, is composed of interbedded red and green siliciclastic shale, siltstone and 
sandstone, and unconformably overlies the Proterozoic basement rocks.  Overlying the Shadow Lake 
Formation is the Gull River Formation, a generally fine- to very fine-grained to argillaceous, sparsely to 
locally very fossiliferous, thin- to medium-bedded limestone.  The Bobcaygeon Formation overlies the 
Gull River Formation, and is composed of fine- to coarse-grained, moderately fossiliferous, irregular- to 
medium-thick-bedded limestone with calcareous shale partings and interbeds in the upper members.  The 

Photo 4.  Ordovician Gull River Formation exposed along the Black River Escarpment and represents the contact between the 
Paleozoic and the Proterozoic. 
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Figure 5.  Paleozoic and Precambrian bedrock geology of the Barrie–Oro Moraine study area draped over the bedrock 
topographic surface (Armstrong and Dodge 2007). 
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Bobcaygeon Formation is overlain by the Verulam Formation, a medium- to coarse-grained bioclastic 
limestone with calcareous shale partings in the lower member.  The uppermost (youngest) unit in the 
study area, the Lindsay Formation, is found only in the far southwest.  The Lindsay Formation is a fine- 
to coarse-grained fossiliferous, commonly nodular, argillaceous limestone. 

The Gull River Formation is the most commonly exposed formation within the study area.  The best 
and most easily accessible exposures are found in road cuts, along the Black River escarpment and in the 
Uhtoff Quarry.  There is significant karst and wide vertical and horizontal cracks have formed along 
joints (Photo 6).  The Shadow Lake Formation was observed in a ditch cut in the north-central portion of 
the study area. 

QUATERNARY GEOLOGY 

The Quaternary geology of Ontario is traditionally subdivided into 4 episodes: the Illinois Episode, the 
Sangamon Episode, the Wisconsin Episode and the Hudson Episode (Figure 6).  The Illinois Episode, 
correlated with oxygen isotope stage 6, was a time of widespread glaciation with the maximum extent of ice 
occurring about 150 000 years BP.  The York Till, identified at the Don Valley Brickyards, at Woodbridge 
and in boreholes near Nobleton, has been attributed to the Illinois Episode, but has not been positively 
correlated with tills further north (Sharpe et al. 1999).  The Sangamon Episode, generally correlated with 
oxygen isotope stage 5c and extending from about 140 000 years BP to 110 000 years BP, saw a shift to 
ice-free conditions and a climate similar to that of southern Pennsylvania today.  Deep weathering profiles 
and soil formation modified earlier deposits.  The Sangamon Episode Don Formation, characterized by 
fluvial and lacustrine sand and gravel, has been identified at various Toronto-area sites including the Don 
Valley Brickyards and Woodbridge, but has not been correlated with deposits further north. 

The Wisconsin Episode, subdivided into the Ontario Subepisode, Elgin Subepisode and Michigan 
Subepisode, was characterized by numerous cycles of glacial advance and retreat.  The Ontario Subepisode, 
correlated with oxygen isotope stage 4, 5a/c and 5b/d and extending from about 110 000 years BP to 
55 000 years BP, had 2 main phases of continental ice advance (Karrow, Dreimanis and Barnett 2000).  
During the early Greenwood Phase, advancing ice blocked the St. Lawrence Valley and lake levels rose.  
The Scarborough Formation, an important marker bed exposed in the bluffs along Lake Ontario and  

Photo 5.  Rounded Precambrian bedrock knobs protruding through fine-grained glaciolacustrine sediments in the Coldwater clay plain. 
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intersected in boreholes to the north, is composed of silt-clay rhythmites and massive clay overlain by 
sand containing both disseminated organic material and wood fragments (Sharpe et al. 1999).  Ice retreat 
north of the St. Lawrence Valley during the Willowdale Phase caused lake levels to fall and the Pottery 
Road Formation channel-fill gravels and other correlated channel-fill gravels were deposited.  The final 
phase of the Ontario Subepisode, the Guildwood Phase, was a period of ice advance through the Ontario 
basin.  The Sunnybrook Drift, composed of clayey silt diamicton, glaciolacustrine rhythmites and massive 
clay, exposed at the Scarborough Bluffs along Lake Ontario and in river valleys south of Woodbridge, 
was deposited during the Guildwood Phase (Sharpe et al. 1999).  Further north in the current study area, 
each glacial advance and retreat cycle probably left behind a record of till and associated ice retreat 
deposits; however, identifying these units is problematic given the paucity of sections and deep 
continuously cored holes.  The lower drift package described later in this report is tentatively assigned to 
the Ontario Subepisode. 

The Elgin Subepisode, correlated with oxygen isotope stage 3 and extending from 55 000 years BP 
to about 23 000 years BP, is subdivided into the Port Talbot, Brimley and Farmdale phases (see Figure 6) 
(Karrow, Dreimanis and Barnett 2000).  The Port Talbot Phase was characterized by ice retreat and a 
moderate climate (Karrow, Dreimanis and Barnett 2000).  The lower member of the Thorncliffe Formation, 

Photo 6.  Wide surface cracks that allow surface waters to infiltrate the Paleozoic bedrock. 
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Figure 6.  Time versus distance diagram of the glacial and nonglacial record in southern Ontario including the location of 
radiocarbon dates (from Karrow et al. 2000). 
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exposed in the Lake Ontario bluffs at Toronto, along river valleys and interpreted from geophysical profiles 
in the subsurface north of Lake Ontario, consists of silt-clay rhythmites and cross-laminated and cross-
bedded sand.  The Tyrconnell Formation member C lacustrine and organic sediments from the Lake Erie 
basin are both attributed to the Port Talbot Phase (Karrow, Dreimanis and Barnett 2000; Sharpe et al. 
1999).  Ice readvanced during the Brimley Phase depositing the southern Ontario Seminary Till, Middle 
Thorncliffe Formation and Meadowcliffe Till (Karrow, Dreimanis and Barnett 2000).  The most probable 
Brimley Phase deposits within the study area are the so-called regional aquitard (AT3) or possibly part of 
the lower drift package (see “Conceptual Geological Model” for further details).  The Farmdale Phase 
was a time of ice retreat and many southern and southwestern Ontario nonglacial sites have been 
described in the literature (e.g., Karrow et al. 2001).  A single radiocarbon date of 38 860 + 480 years BP 
obtained on detrital plant material found in upper aquifer complex (AF1) in BH-36-AKB-2006 is 
attributed to the later part of the Port Talbot Phase.  This material could easily have been reworked, which 
would explain its presence higher up the stratigraphic sequence. 

The Michigan Subepisode, correlated with oxygen isotope stage 2 and extending from about 23 000 
years BP to about 8000 years BP, is divided into the Nissouri, Erie, Port Bruce, Mackinaw, Port Huron, 
Two Creeks, Onaway, Gribben, Marquette, Abitibi and Driftwood phases (see Figure 6).  The Michigan 
Subepisode record in southern Ontario has been the subject of considerable study and continues to be 
refined (e.g., Bajc and Shirota 2007).  During the glacial Nissouri Phase, ice advanced across Ontario and 
as far south as Ohio.  This was followed by retreat during the Erie Phase and a subsequent advance of 
lobate ice during the Port Bruce Phase.  In southwestern Ontario, the Nissouri Phase is represented by 
Catfish Creek Till and the fluctuating Port Bruce Phase lobate ice by multiple till sheets and a series of 
end moraines (Figure 7).  Simcoe region tills were deposited by the generally south to southwest flowing  

 

 
 

Figure 7.  Moraines of southwestern Ontario (Barnett 1992). 
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Lake Simcoe lobe (Figure 8).  Gwyn (1972) described an early Michigan Subepisode till in the Alliston–
Newmarket map area, the Bogarttown Till, but this was not positively identified during the current study.  
Port Bruce Phase Lake Simcoe lobe ice deposited the stony sandy ‘Northern’ till and the Newmarket Till 
(shown in light green on Figure 9).  This till has been identified under the Oak Ridges Moraine (Barnett 
1995) and extends as far south as, and underneath, Lake Ontario (Sharpe et al. 1999).  While ice still 
covered the landscape, the rapid release of subglacially ponded meltwater carved a network of valleys 
from Severn Sound south to, and beneath, the Oak Ridges Moraine forming the wide, flat-bottomed 
valleys that dominate the western side of the study area (Sharpe et al. 1999).  Barnett (1986) suggests that 
the meltwater could have ponded under ice located in the lowland areas in front of the Niagara 
Escarpment and/or the Black River Escarpment.  The interpretation of seismic profiles led Pugin, Pullan 
and Sharpe (1996) to identify valleys to the south of the study area that both predated and postdated 
deposition of Newmarket till.  It is possible that this simply reflects the position of an ice margin to the 
south at the time of valley formation.  As the Newmarket ice retreated, coalescing subaqueous fans and 
eskers were deposited along and behind the ice front, forming the Oro Moraine (shown in orange on 
Figure 9).  The final advance of the Lake Simcoe lobe took place during the Port Huron Phase depositing 
Kettleby Till as far south as the north flanks of the Oak Ridges Moraine (Sharpe et al. 1999).  Within the 
study area, Kettleby Till is mapped adjacent to Lake Simcoe and overlying a small upland feature in the 
far north of the study area (shown in dark green on Figure 9).  Retreat of the Lake Simcoe and Georgian 
Bay lobes allowed meltwater to pond forming glacial Lake Schomberg, an age-equivalent of Early Lake 
Algonquin, in the southern Georgian Bay basin (Cowan et al. 1978).  Beaches and spits located above the 
Main Lake Algonquin level northeast of Barrie and northwest of Orillia have been attributed to Lake 
Schomberg (Chapman and Putnam 1984; Finamore 1981).  By the Main Lake Algonquin phase, ice had 
retreated north and the study area was inundated by the lake water.  Well-developed shore bluffs, beaches 

Figure 8.  Southern Ontario lobate ice (Barnett 1992). 
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and spits, ranging from 240 m asl near Barrie and rising to 260 m asl around Coldwater were formed 
(Barnett 1989).  Glaciolacustrine sands were deposited in shallow water while silt and clay was deposited 
in the deeper parts of the basin (shown in yellow and light blue on Figure 9).  Dropping water levels as 
successively lower outlets between South River and North Bay opened (Kaszycki 1985) caused the 
Minesing Swamp and Lake Simcoe basins to be isolated from the post-Algonquin lakes. 

Figure 9.  Surficial geology of the Barrie–Oro Moraine study area (Ontario Geological Survey 2010). 
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The postglacial Hudson Episode is recorded by deposition of lacustrine silts and clays and shoreline 
features around Coldwater formed during the incursion of postglacial Lake Nipissing (shown in turquoise 
on Figure 9) (Barnett 1986).  Radiocarbon dates on wood and shells suggest Lake Edenvale occupied the 
Minesing Swamp basin from 6000 to 4000 years BP, which is coincident with Lake Nipissing (Barnett 
and Kelly 1987; Fitzgerald 1985).  This lake was formed when flooding in Georgian Bay reduced the 
gradient of the river cutting through the Edenvale Moraine.  Narrow postglacial to modern alluvial 
deposits (shown in brown on Figure 9) are found along rivers and streams.  There are also several older 
alluvial fans (shown in brown on Figure 9) that formed at the mouths of rivers.  The largest of these are 
located in the tunnel-valley network adjacent to the Oro Moraine. 

Construction of a Three-Dimensional Geologic Model 
Building a three-dimensional (3-D) model of Quaternary geology for the Barrie–Oro Moraine area was 
undertaken in 4 stages.  These can be summarized as 1) data acquisition, compilation and standardization; 
2) development of a conceptual geological model; 3) model creation; and 4) interpretation, synthesis and 
presentation of results.  The data acquisition and model creation stages will be discussed in the following 
report sections. 

SUBSURFACE DATA ACQUISITION, COMPILATION AND 
STANDARDIZATION 

Acquisition of New Geological and Geophysical Data 

In recent years, the Ontario Geological Survey has drilled a total of 39 continuous cores within the 
Barrie–Oro Moraine study area.  A series of 8 rotosonic continuous cores, 7 of which fall within the 
current study area, were drilled in 1990 to obtain stratigraphic information and investigate the tunnel-
valley network (Barnett 1991a).  In 2004, a further 14 PQ diameter continuous cores, totalling 1185 m, 
were drilled using a rotosonic drill (Burt and Russell 2006) (Figure 10).  The core was visually logged 
and photographed in the field, and representative intervals were sampled for grain size and carbonate 
analysis.  Two and a half inch diameter threaded, flush-joint PVC piping was inserted down 11 of the 
holes prior to removal of the drill casing and sealed in place with bentonite grout.  Five or ten foot (1.5 or 
3.0 m) slotted screens were inserted in 10 of the boreholes to allow for continuous groundwater 
monitoring (Photo 7).  Many of these monitoring wells have been incorporated into the provincial 
groundwater monitoring network.  Polyvinylchloride (PVC) risers were installed at one site that did not 
reach a producing aquifer in order to facilitate downhole geophysics.  The Geological Survey of Canada 
and DGI Geoscience conducted detailed downhole geophysical logging including natural gamma, 
induction conductivity, magnetic susceptibility, neutron, gamma-gamma density, spectral density ratio, 
temperature and temperature gradient and p-wave velocity.  A further 18 PQ diameter continuous cores 
were obtained in 2005 and 2006 using a Christiansen mud-rotary drill (see Figure 10; Photos 8 and 9).  
A total of 403 m were drilled in 2005 and 784 m were drilled in 2006 and visually logged, photographed 
and sampled for grain size and carbonate analysis (Burt 2007a).  Monitoring wells were installed at 3 of 
these locations. 

Burt and Russell (2006: OGS Miscellaneous Release—Data 198) published the data resulting from 
the 2004 drilling program.  The data consist of written logs, which include unit descriptions with sample 
locations and representative photographs; and graphic logs, which include lithology, grain size data, select 
carbonate results and downhole geophysics.  Figure 11 displays an example of one of the graphic logs.  
Burt (2007a: OGS Miscellaneous Release—Data 227) published further data resulting from the 2005 and 
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2006 drilling programs.  The data consist of written logs, which include unit descriptions with sample 
locations and representative photographs; and visual logs, which include detailed and summary lithology, 
grain size and select carbonate results. 

Figure 10.  Locations of OGS drilling providing continuous core within the study area in 2004, 2005 and 2006. 



20 

New graphic logs and revised grain size data obtained using improved analytical procedures for the 
2004, 2005 and 2006 drilling programs may be found in the data files (Burt and Dodge 2011: Groundwater 
Resources Study 11) accompanying this report.  Figure 12 displays an example graphic log.  Each log 
includes lithology, named hydrostratigraphic units, the unit class (aquifer / potential aquifer, aquitard, 
bedrock), new grain size data, carbonate results and an estimation of drill recovery (2005 and 2006).  The 
hydrostratigraphic units and unit classes are discussed in “Conceptual Geological Model”. 

Photo 7.  Determining screen depth for a monitoring well. 

Photo 8.  Collecting a 1.5 m long section of continuous core. 
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A series of shallow sediment logs obtained by the author during 2005 and 2007 have also been 
included in the database.  These data were obtained from natural and man-made exposures as well as hand 
probing to depths ranging from 2 to 8 m. 

Photo 9.  An example of core. 

Figure 11.  An example of lithologic and geophysical logs for OGS borehole BH-02-SRS-2004 (Burt and Russell 2006). 
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Figure 12.  An example of new visual borehole logs for OGS borehole BH-03-AKB-2004. 
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Compilation and Standardization of Other Data Sets 

Several databases have been created and/or obtained from internal and external sources to provide data 
for the 3-D geologic model.  These databases include 1) the Ontario Ministry of the Environment (MOE) 
water-well database; 2) the Ministry of Transportation (MTO) geotechnical foundation drilling database; 
3) the Ontario Geological Survey (OGS) bedrock topographic surface of southern Ontario; 4) overburden 
drill logs from private consultants and/or conservation authorities; and 5) a database of shallow sediment 
logs captured from hand-written field notes acquired by Dr. P.J. Barnett as part of his Quaternary mapping 
investigations of the Barrie area (Barnett 1986, 1988, 1989).  These data have been rated as low-, 
medium- or high-quality based on the reliability of the information (Figure 13). 

A preliminary examination was made of all subsurface records to establish a set of standard geologic 
materials, listed in Table 1, that would be used for modelling.  This process was guided by the results of the 
2004, 2005 and 2006 drilling programs.  All sediment layers in the subsurface database have been categorized 
as one of these primary geologic materials using the methods described in the remainder of this section. 

The most plentiful, but lowest quality, source of subsurface information is the Ministry of the 
Environment (MOE) water-well database.  Study area water wells with an estimated margin of spatial 
error of 500 m or less were selected from the provincial database.  It was decided that increasing the 
potential spatial error from the recommended 200 m used for site-specific studies to 500 m or greater was 
justified for regional-scale modelling as this increased the number of well records from less than 3000 to 
over 6100 records containing over 27 500 sediment layers.  Z-values for the well collars were obtained 
from the provincial digital elevation model (DEM), which has a 10 m resolution, and compared with the 
Z-values given in the MOE database.  Wells with significant elevation discrepancies (typically greater 
than 20 m) were rejected.  An additional 226 wells with a greater margin of spatial error were later added 
from sections of the study area with very sparse data.  With few exceptions, the MOE wells, including 
domestic supply wells, municipal supply wells and monitoring wells, have been rated as low-quality data. 

The MOE water-well database has 3 material fields that contain geologic information including 
materials, descriptions or qualifiers and unknowns.  While 19 of the more than 80 terms used in the 
complete MOE database are not used within this study area, there are still far too many potential 
combinations to use the information ‘as is’.  As with other 3-D geological modelling projects, a two-step 
translation process was used to transform the data into a useable format (Burt and Bajc 2005; Russell et al. 
1998).  In step one, many of the original terms were grouped together under a single term.  For example, the 
MOE terms ‘quicksand’, ‘fine sand’, ‘medium sand’, ‘coarse sand’, ‘sand’ and ‘sandy’ all became ‘sand’ 
(Table 2).  Some detail is lost during this process, but this is justified in a regional-scale modelling project. 

In step 2, a translation table was created by extracting all 790 unique combinations of terms and 
assigning one of the 16 interpreted primary geological materials listed in Table 1 (see Table 3 for 
examples).  This translation table was used to convert the MOE database into a series of formations ready 
for modelling.  The original sediment descriptions were retained in a separate field to allow for inspection 
during the interpretation phase. 

The Ministry of Transportation (MTO) foundation drilling database yielded 400 sites (clustered in 
groups of 2 to 10 or more) located along highways 11, 12, and 400.  The MTO sites were investigated for 
engineering rather than geological purposes and so the drilling is typically shallow, with less than 60 sites 
reaching depths greater than 20 m below surface.  The majority of the sites were augered, although some 
sites were investigated using washboring.  At several very thin overburden sites, the results of penetration 
tests were included in the subsurface database to better define the bedrock surface.  The MTO database 
contains 1515 sediment layers that have been translated into the 16 standard geologic materials listed in 
Table 1.  All MTO sites have been rated as medium-quality data. 
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Figure 13.  Locations of continuous cores obtained in 1990, 2004, 2005 and 2006 (shown in orange).  Other high-quality data are 
shown in yellow, medium-quality data are shown in green and low-quality data are shown in blue. 
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Table 1.  List of primary geologic materials used for 3-D modelling. 

Water and Organics Stratified Sediment Diamicton Rock No Material Type 

• Water
• Organics

• Clay
• Silt
• Sand
• Gravel

• Diamicton: silty to sandy
• Diamicton: clayey to silty
• Diamicton: undetermined

• Paleozoic bedrock
• Precambrian bedrock
• Rock

• Fill
• Previously dug
• Unknown
• Not Recovered

Table 2.  Summary terms extracted from the Ministry of the Environment (MOE) water-well database (modified from Russell et 
al. 1998). 

New Term Original MOE Term 
Rock 20  quartzite 

21  granite 
26  bedrock 
40  flint 

46  quartz 
47  schist 
64  crystalline 

Limestone 15  limestone 16  dolostone 
Shale 17  shale 
Sandstone 18  sandstone 
Boulders 13  boulders 
Gravel 11  gravel 

12  stones 
29  fine gravel 
30 medium gravel 

31  coarse gravel 
72  gravelly 
87  stony 

Sand  7  quicksand 
 8  fine sand 
 9  medium sand 

10  coarse sand 
28  sand 
81  sandy 

Silt  6  silt 84  silty 
Clay  5  clay 61  clayey 
Diamicton 14  hardpan 34  till 
Organic  3  muck 

 4  peat 
33  marl 
35  wood fragments 

Fill  1  fill 
 2  topsoil 

25  overburden 

Previously dug 23  previously bored 24  previously drilled 
Unknown  00  unknown 27  — 
Other (original terms retained) 60  cemented 

62  clean 
63  coarse-grained 
65  dark-coloured 
66  dense 
67  dirty 
68  dry 
69  fine-grained 
70  fossiliferous 
71  fractured 
73  hard 
74  layered 

75  light coloured 
77  loose 
78  medium-grained 
79  packed 
80  porous 
83  sharp 
85  soft 
86  sticky 
89  thin 
90  very 
91  water-bearing 
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Table 3.  Examples of translated materials and associated unique combinations of terms. 

Translated Primary Geological Materials Material 1 Material 2 Material 3 
Clay Clay Sticky Soft 
Clay Clay Silt Hard 
Diamicton:  clayey to silty Clay Gravel Silt 
Diamicton:  clayey to silty Gravel Clay Diamicton 
Diamicton:  silty to sandy Diamicton Sand Gravel 
Diamicton:  silty to sandy Silt Sand Gravel 
Diamicton:  undetermined Diamicton Rock NA1 
Fill Fill Packed NA 
Gravel Gravel Boulders Dense 
Gravel Gravel Gravel Loose 
Organic Organic Loose Dark-coloured 
Paleozoic Bedrock Limestone Porous Hard 
Paleozoic Bedrock Sandstone Shale NA 
Previously Dug Prev. Dug Fill NA 
Sand Sand Hard NA 
Sand Sand Sand Clean 
Silt Clay Sand Layered 
Silt Silt Fine-grained NA 
Unknown Unknown Cemented NA 
1 NA = not applicable 

The majority of subsurface records do not intersect bedrock and there are no bedrock data across 
large sections of the study area, so information was extracted from the recently released bedrock 
topography surface for southern Ontario (Gao et al. 2007).  The bedrock topography surface can be used 
to obtain regional-scale bedrock elevations in areas with little or no data because it incorporates 
information from well beyond the study area boundaries.  A 1000 m X–Y grid was created and Z-values 
were extracted from the bedrock topography surface.  The bedrock topography surface does not include 
information on the types of bedrock present, so the derived bedrock elevation points were given a default 
geologic material type of ‘Paleozoic Bedrock’ as this is the upper bedrock type across most of the study 
area.  Where necessary, the default values were corrected later using the 3-D modelling software.  The 
derived bedrock elevation points have been rated as high-quality data.  This rating was given because the 
source bedrock topography surface was generated, reviewed and corrected by a team of trained 
geoscientists. 

The OGS borehole data are supplemented by a continuously cored hole drilled by the Conservation 
Authorities Moraine Coalition in 2005 and 2 reverse circulation boreholes drilled by the Lake Simcoe 
Conservation Authority.  Reverse circulation holes do not have the same level of detail as the 
continuously cored holes, but still provide an important source of stratigraphic information.  These logs 
have been classified using the standard geologic materials and are rated as high-quality data. 

Once the databases were standardized, they were brought into a single database and filtered to 
remove duplicate records and data points with compromised location and elevation attributes.  To date, 
the working copy of the subsurface database contains 7155 borings.  Approximately 14% of the borings 
are medium and high quality, but only 2% of these intersect bedrock.  The majority of medium- and high-
quality records that do penetrate the full Quaternary record are shallow with only 15 borings penetrating a 
50 m or thicker Quaternary cover before intersecting bedrock. 
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There are 31 646 sediment layers in the subsurface database.  Of these 27 856 (88 %) are from low-
quality borings.  We can expect to see some ‘real’ differences in the distribution of primary geological 
materials between the low, medium and high caused by differences in the boring location and depth.  
There are, however, several significant differences that highlight problems with both the original low-
quality data and with the translation process (Figure 14).  Global changes to the translation improved the 
classification (the discrepancies were more pronounced after the initial translation), but much of the 
original data is simply not detailed or accurate enough.  For example, the medium- and high-quality 
borings have approximately 9.4% clay and 16.9% silt, whereas the low-quality borings have 14.8% of the 
sediment layers classed as clay and only 11.8% classed as silt.  The combined percentages are very 
similar (26.35 and 26.65%, respectively), so it is likely that these fine-textured materials were not 
identified correctly in many of the original low-quality data sets.  Similarly, the percentage of silty to 
sandy diamicton layers is very low and the clayey to silty diamicton is very high in the low-quality 
borings compared to the medium- and high-quality data sets.  An examination of the combined diamicton 
category (diamicton:  all) suggests that, while the identification of the specific texture is unreliable, most 
of the layers were , in general, correctly identified as diamicton.  Other categories, such as sand and 
gravel, have very similar percentages from both low-quality and medium- and high-quality borings.  This 
suggests that the translation process was quite effective for these materials. 

Figure 14.  Comparison of the 16 primary geological materials (translated materials) in low-quality versus medium- and high-
quality records.  Two additional summary categories, ‘combined clay and silt’ and ‘diamicton: all’ are included for comparative 
purposes.  The percentage of sediment layers for each category from low-quality records are shown in blue and the percentage of 
sediment layers from medium- and high-quality records are shown in orange. 
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MODEL CREATION 

A number of software packages were evaluated for their ability to meet the OGS’s specific three-
dimensional mapping needs during the early stages of the Waterloo Region pilot project (Bajc and 
Newton 2005; Bajc and Shirota 2007).  The main elements of interest in a software program were the 
following: 

1. strong 3-D visualization capability for data interpretation 
2. excellent linkage and live update capacity with the working database 
3. ability to interpolate surfaces and apply logical rules that allow for laws of superposition to be 

honoured 
4. ability to create wireframe surfaces and solid models 
5. ability to calculate volumes of solids 
6. ability to import ESRI® ArcInfo® shape files and drape base information over a 3-D model 
7. ability to import raster images such as seismic sections into the model for added interpretation 
8. ability to create isopach maps of individual strata 
9. ability to create elevation maps of the tops of individual strata 
10. ability to export, in ASCII format, top of formation data at a specified grid spacing 
11. the ability to provide a free viewing software that allows for flexible client interaction with the 

3-D model 

Datamine Studio®, a software package used primarily by the mining sector for mine design and 
orebody modelling, was selected.  This software met all of the criteria listed above and appeared to be 
suitable for 3-D modelling of complex Quaternary sequences where units frequently pinch out forming 
lenses.  This software has also been successfully used in the coal mining industry to similarly model 
discontinuous lenses and seams of coal.  Another strength of Datamine Studio® is the customizable 
interface that allows a series of repeatable tasks to be defined and presented to the user through a scripted 
interface.  Datamine programmers worked with OGS staff to create and refine several scripted routines 
that make it easier for the user to carry out complex modelling procedures. 

Data Preparation 

Three tables, a location table (Figure 15), a formation table (Figure 16) and a static water depth table 
(Figure 17), were created from the master subsurface database and imported into the Datamine Studio®  
3-D modelling software package.  The ‘location’ table contains information about the borehole such as 
the original identification number and source (i.e., MOE water-well database, consultant report), an eight-
digit internal code number (used to link the location, formation and static water depth tables), the location 
and elevation of the boring (X,Y,Z), the type of boring (i.e., water well, engineering test hole, section), 
and an estimation of the quality or reliability of the data (high, medium or low). 

The ‘formation’ table contains descriptive and depth information regarding the sediment layers 
present in each borehole (see Figure 16).  The “PMAT” (primary geological material) field describes the 
main sediment type such as sand, silt, clay, diamicton and Paleozoic bedrock, translated from the original 
terminology as previously described.  The original terms are retained in a separate field (‘ORIGINAL’) 
for reference and can be queried using the modelling software.  A numerical material code, the material 
class (bedrock, aquifer, aquitard) and the colour of the formation are also included in the formation table. 
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The ‘static water depth’ table contains information on the depth and length of the screen used in well 
construction and the depth of the static water level (see Figure 17).  This information is only available for 
the MOE water-well database and many records are incomplete.  There is static water level information 
for nearly 80% of the total database, but screen depth information for only 40%.  This discrepancy is due 
in part to a lack of screens for many bedrock wells.  Despite these limitations, the static water level 
information can be useful when correlating permeable units. 

Figure 15.  Example of the ‘location’ table that contains information regarding borehole source, location and elevation. 

Figure 16.  Example of the ‘formation’ table that contains standardized information regarding the layers of sediment and rock 
encountered in each borehole.  Note that the original description is captured in the ‘ORIGINAL’ field. 
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To ensure that the 3-D model honoured materials mapped at the ground surface, the provincial DEM 
was sampled on a 100 m grid resulting in a point file with X, Y and Z data.  Next, the GIS-based seamless 
surficial geology map was recoded using the hydrostratigraphic units being modelled (Figure 18).  This 
recoded geology map was then used to attribute the point file (“STRATUM” field) creating a ‘Surfs’ table 
(Figure 19).  A 200 m grid ‘surfs’ table was also generated as the reduced number of data points 
dramatically speeds up the modelling process.  This is because the spacing of points in the surfs file 
determines the size of the model cell.  For example, for a 10 km by 10 km study area, a 100 m grid surfs 
file would result in 10 000 model cells.  Reducing the surfs grid to 200 m means that only 2500 model 
cells are created during the modelling process. 

Building A Three-Dimensional Model 

The approach taken for the interpretation of the subsurface data in the Barrie–Oro Moraine area was 
slightly different than that followed for the Waterloo Region and by other jurisdictions doing similar 
regional 3-D modelling.  For example, the Geological Survey of Canada (GSC) opted for an automated 
approach guided by expert knowledge and a conceptual stratigraphic framework in its regional 
assessment of the Oak Ridges Moraine (Logan, Russell and Sharpe 2001, 2005).  The Illinois State 
Geological Survey (ISGS), in its 3-D study of Antioch Quadrangle, chose to evaluate and pre-screen the 
greater than 4000 drill logs that exist for this area and base their model on the ‘best’ 275 borehole records 
(Hansel, Stiff and Barnhardt 2004).  For the Waterloo Region study, all borehole records were manually 
interpreted in section guided by a series of training surfaces created from the more reliable data sets.  The 
training surfaces were created using Delauney triangulation where each vertex of the triangles 
corresponded to a data point (Bajc and Shirota 2007).  The geometry of each surface was, therefore, 
strongly influenced by the location and density of the high-quality data. 

Figure 17.  Example of the ‘static water depth’ table that contains screen depth and water level information.  The ‘GRADE’ field 
is simply an internal identification code number used to distinguish between the screens and static water levels. 
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Figure 18.  Surface picks sampled on a 200 m grid and attributed with hydrostratigraphic units mapped on the ground surface.  
The hydrostratigraphic unit map was created by recoding the seamless geology map. 
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The general lack of high-quality data in the Barrie–Oro Moraine area made the use of training surfaces 
impractical.  Instead, all borehole records were manually interpreted with only a conceptual geological 
model for guidance.  The interpretations were undertaken along east-west and north-south sections spaced at 
250 m with 150 m clipping limits and at 500 m intervals with 300 m clipping limits.  Sections were also 
examined following the orientation of roads at 500 m intervals with 300 m clipping limits. 

An example of a 10 km long section cut along a road with a 300 m clipping distance is shown in Figure 
20. In view A, the borehole traces have been coloured according to the translated standard geologic
materials listed in Table 1.  In view B, the traces have been coloured according to the material class.  A
hypothetical cross section that will be used to describe the modelling process is shown in Figure 21.  This
section bisects a tunnel valley and incorporates a continuous core as well as a boring with incorrect location
information.  The traces have been coloured using a simplified set of geologic materials.

INTERPRETING THE SUBSURFACE DATABASE 

The modelling process is based on a series of 3-D points (referred to as ‘picks’) identifying the upper 
surface of a given stratum that are manually digitized onto the borehole traces.  A particular borehole trace 
may have any number of picks depending upon the number of strata that can be identified (Figure 22).  
Additional picks, called ‘off-trace picks’, can be added adjacent to or below the borehole traces in order to 
refine the geometry of the modelled surfaces (Figure 23).  More than one pick might be digitized at the top 
of a formation where pinch-outs are known to occur.  For the current project, over 28 000 picks have been 
created on and off the borehole traces.  The picks table (Figure 24) contains information about the location 
of the pick (X,Y,Z), the stratum name, numerical sequence and class (aquifer, aquitard) as well as 
information derived from the borehole trace including the borehole ID (an eight-digit internal code number), 
and the quality, type and source of the boring.  Picks added off the borehole trace are given a quality rating 
of high and the borehole ID, type and source fields are left blank (see Figure 24).  The manually picked data 
are used in conjunction with the ‘surfs’ file previously described to create the 3-D model. 

Figure 19.  Example of the 100 m grid ‘surfs’ table. 
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Figure 20.  A 10 km long section cut along a road with a 300 m clipping distance.  The maximum overburden thickness along 
this section is 175 m.  Note that only 2 of the borings extend to bedrock.  A) The borehole traces have been coloured according to 
the translated standard geologic materials listed in Table 1.  B) The traces have been coloured according to the material class. 

Figure 21.  A hypothetical cross section illustrating borings from the Simcoe Uplands and a tunnel valley.  The section contains 
an example of what a continuous core boring and a boring with incorrect location information might look like. 
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Figure 22.  A series of 3-D points (‘picks’) have been digitized onto the borehole traces identifying the upper surface of each 
stratum.  Note that not all strata are represented on all traces.  The strata are listed in order of youngest to oldest in the legend. 

Figure 23.  Additional picks have been digitized off the borehole traces or at the bottom of the traces to refine the geometry of 
the modelled surfaces. 
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INTERPOLATING ELEVATIONS:  GENERAL APPROACH 

If all strata could be identified in all boreholes, then modelling would be a straightforward process.  
However, because of data quality and varying borehole depth, there are on average only 3.17 strata 
identified per hole suggesting a large amount of missing information.  In addition, not all strata exist over 
the entire area (i.e., there are either natural limits to the lateral extent of strata or strata have been eroded 
away), so there are holes in and limits to the surfaces.  The simplest approach to modelling would be to 
create a digital terrain model (DTM) wireframe surface for each stratum from the known picks.  However, 
because of the scarcity of the data for some layers, this leads to a large number of overlaps between the 
surfaces that are difficult to adjust.  An alternative approach would be to interpolate the elevations for 
each stratum onto a regular grid using inverse power of distance or normal kriging and then apply a suite 
of rules to sort out the overlaps.  In this instance, the rules would be complex as they would need to take 
into account both the sequence of strata at every model column and also the elevations of the strata in 
adjacent columns of cells in order to avoid large steps in elevation between the cells. 

To avoid this problem, the method selected was to interpolate the stratum elevations onto spatially 
filtered real and virtual boreholes, apply a set of rules to resolve any overlaps within the holes and then to 
create a DTM wireframe surface for each stratum.  This method ensured that the wireframes do not 
overlap.  The spaces between each successive pair of wireframes are filled with blocks in order to create a 
block model of the aquifers and aquitards. 

A geostatistical approach has been taken for the spatial analysis of the stratum picks and the creation 
of the surfaces.  Surfaces are modelled only where the data picks indicate, with some confidence, that 
they were present.  The estimation process allows for a variety of interpolation methods to be used 
including polygonal, inverse power of distance and various types of kriging.  Currently, isotropic inverse 
power of distance cubed is used because it honours the stratum picks quite well (Bajc and Shirota 2007). 

Figure 24.  An example of the ‘picks’ file. 
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CREATING A SURFACE 

Model cells, defined in size by the ‘surfs’ grid as previously described (if a 100 m grid ‘surfs’ file is used 
the virtual boreholes will also have a 100 m grid spacing), are reformatted into a 2-D point data file of 
virtual borehole collars, which is then used to estimate elevations (Figure 25).  The picks for each stratum 
are then considered in turn.  For example, all the picks coded as ICSD are used to interpolate a surface for 
the Oro Moraine and equivalent ice-contact stratified deposits, then the picks coded as NT are used to 
interpolate a surface for the Newmarket, northern and Kettleby tills. 

During the interpolation process, search radii are drawn around all borehole and off-trace picks as 
well as around each virtual borehole in turn (Figure 26).  The search radius is user defined for each 
stratum and can be modified during successive model runs until the modelled extent of a given stratum 
appears to closely reflect its perceived extent.  Generally, larger search radii were used for strata that were 
considered to be more continuous such as bedrock, tills and regional aquitards, whereas aquifers generally 
have smaller search radii.  A user-defined minimum number of picks (generally 3) for a particular horizon 
is required within the search radius to interpolate an elevation for that stratum onto the virtual borehole 
trace.  If there were insufficient data found (i.e., fewer than 3 picks for that stratum) within the search 
radius, then an ‘absent’ data elevation was assigned to the borehole trace.  In Figure 26, an ‘absent’ data 
elevation is represented by an X, whereas cells that have an elevation assigned are represented by a 
shaded cell.  Real picks meeting the search radius requirements are used in favour of their corresponding 
interpolated values.  At the end of the interpolation stage, every stratum in every cell will have one of the 
following elevation values: 1) an actual value defined by a pick; 2) an estimated value defined by 
interpolation; or 3) absent data indicating insufficient data exists within the search area.  Figure 27 shows 
the extent of one modelled surface (indicated by shaded cells). 

Recent changes to the interpolation process used by the OGS address the problem of integrating data 
of varying quality.  Under the original system, each pick carried the same weight or significance, 
regardless of user confidence in the reliability of the source data.  This method worked reasonably well 
for the Waterloo Region study (Bajc and Newton 2005; Bajc and Shirota 2007), although, on occasion, 
boreholes near some of the highest quality data (circled in orange on Figure 27) ended up with absent 
elevation values because the minimum number of picks were not achieved within the given search radii.  
It was necessary to adjust the surface during subsequent model runs by digitizing additional off-trace 
picks.  This problem became even more apparent in the Oro Moraine study where the overall data density 
dropped by nearly 60% compared with the Waterloo Region and only a few borehole records reach 
bedrock.  It was necessary to either increase the search radii to unrealistic dimensions (i.e., over 5000 m 
for most lower (or older) surfaces) or refine the modelled surfaces by adding thousands of off-trace picks. 

In the new system, each pick is attributed with a quality of either high, medium or low based on 
confidence in the data source (Figure 28) (Burt 2007b; Burt and Bajc 2007).  As previously described, 
logs of continuously cored boreholes and exposures are considered high-quality sources, most 
geotechnical records are assigned medium quality and mud-rotary monitoring wells, questionable logs 
and water-well records are considered low-quality data sources.  The new interpolation process runs in 
several stages as summarized below. 

• For each cell, set flag value Fn = 1 if stratum n has an actual pick value; otherwise Fn = 0.
• Interpolation run 1:  Use all picks (HIGH, MEDIUM and LOW) and MINNUM=1 (minimum

number of samples = 1).  Interpolate the elevation at each cell for every stratum.
• Interpolation run 2:  Use a subset of the picks (HIGH) and MINNUM=1.  Interpolate the

elevation at each cell for every stratum recording the number of picks used for each estimation.
If the number of picks ≥ 1, set flag value Gn = 1; otherwise Gn = 0.
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Figure 25.  Conceptualized plan view of the interpolation process for a single surface.  Model cells, defined in size by the ‘surfs’ 
file are represented by squares, the central position of 2-D virtual borehole collars within the model cells are represented by small 
black dots, picks are shown as grey shaded dots and the model area by a solid black line.  Additional picks used to eliminate 
boundary issues are enclosed by a dashed line.  The 2-D virtual borehole collars will not be shown in future figures. 

 
 

 
 

Figure 26.  During interpolation, search radii are drawn around each virtual and real borehole in turn.  A minimum of 3 picks 
with the search radius are required for an interpolated elevation to be assigned (shaded cell).  If 3 picks are not found an ‘absent 
elevation’ (‘X’) is assigned.  Note:  ‘X’ will not be shown in the remaining figures. 
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Figure 27.  The results of the interpolation process for a single surface.  There are large holes in the modelled surface (absent 
elevation values) represented by empty cells.  The circled picks are based on high-quality source data so adjustments must be 
made to the surface by adding additional off-trace picks. 

 
 

 
 

Figure 28.  Each pick has been attributed with a quality of high (orange), medium (green) or low (blue) based on confidence in 
the source data.  The quality field is used to weight the picks during the interpolation process. 
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• Interpolation run 3:  Use a subset of the picks (MEDIUM) and MINNUM=2.  Interpolate 
recording the number of picks used for each estimation.  If the number of picks ≥ 2, set flag 
value Gn=1; otherwise Gn=0. 

• Interpolation run 4:  Use a subset of the picks (MEDIUM and LOW) and MINNUM=3.  
Interpolate recording the number of picks used for each estimation.  If the number of picks ≥ 3, 
set flag value Gn=1; otherwise Gn=0. 

• Finally, the estimations from run 1 are replaced with real picks by applying the flag Fn = 1.   
The remaining estimates are used if the flag Gn = 1.  If the flag Gn = 0, the stratum has an 
absent elevation value indicating insufficient picks within the search radius. 

Simply put, during the interpolation process, a minimum of 1 high-quality (Figure 29), 2 medium-
quality (Figure 30) or 3 medium- or low-quality picks (Figure 31) are required within the given search 
radius to assign an elevation to a given surface.  These changes result in a surface that both preferentially 
honours high-quality data and may be more continuous where the data distribution is sparse (Figure 32).  
Off-trace picks are treated as high-quality data for the simple reason that the user has decided the surface 
needs refinement.  There is no need to add 3 off-trace picks to accomplish the same thing.  Figure 33 
shows how increasing the search radius can dramatically change the modelled extent of a stratum. 

The process for creating the model is an iterative one.  The model is created using an initial set of 
picks and then checked visually in the 2-D and 3-D graphics windows.  During the model run, the picks 
data are initially validated to ensure that the elevations for all picks are in the correct sequence.  If any 
inconsistencies are found, then the data for that cell are copied to an errors file, and are removed from the 
current run.  The problem picks can then be edited before any subsequent runs of the system occur.  Once 
the initial model has been created, incorrect picks are identified and fixed, and extra picks are added to 
control the position of the strata.  A new model is then generated and validated and the process repeated.  
In order to facilitate the procedure, the total area can be divided into user-defined subareas and models 
generated for each. 

 

 
 

Figure 29.  One high-quality pick is required for an interpolated elevation to be assigned. 
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Figure 30.  Two medium-quality picks are required for an interpolated elevation to be assigned. 
 
 

 
 

Figure 31.  Three low-quality picks or 2 medium- and one low-quality pick are required for an interpolated elevation to be 
assigned. 
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Figure 32.  The resulting surface is more continuous.  The most obvious change is near the high-quality picks. 
 
 

 
 

Figure 33.  Increasing the search radius results in an even more continuous surface.  Typically, aquitards are been assigned larger 
search radii that aquifers and potential aquifers. 
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CREATING DIGITAL TERRAIN MODELS 

Because of the sparsity of data and the large number of estimated values, elevations are frequently out of 
sequence.  To correct this, the following rules are applied where Z(n) is the elevation of stratum “n” with 
1 being the youngest (top elevation) and 23 being the oldest (lowest elevation) in the current study area.  
The rules are applied to each stratum in turn starting from bedrock (n=23) and working up to ATA1 
(n=1).  Lower and upper strata refer to the stratum immediately below or above the current stratum. 

If Z(23) = absent, then exit. 
(i.e., make sure bedrock Z(23) is estimated into all cells.  Otherwise exit.) 

If Z(n) is an actual pick, then no adjustment will be made.  The following adjustments, therefore, only apply to 
estimated or absent values. 

If Z(n) < Z(n+1), then Z(n) = Z(n+1) 
(i.e., if the elevation of the current stratum is estimated below the lower stratum, then set it equal to the 
elevation of the lower stratum.  This means the thickness is estimated as zero.) 

If Z(n) = absent, then Z(n) = Z(n+1) 
(i.e., if the elevation of the current stratum is absent, then set it equal to the elevation of the lower stratum.  
This means the stratum is being pinched out on the lower stratum.) 

If Z(n-1) is “actual” and Z(n) > Z(n-1), then Z(n) = Z(n-1) 
(i.e., if the upper stratum is an actual value and the elevation of the current stratum is estimated to be above the 
upper stratum, then reset it equal to the upper stratum.  In this case, the current stratum should actually be reset 
to the base of the upper stratum.  This is difficult to achieve in an automated fashion since the base of the upper 
stratum may not be defined.  These picks are flagged for manual adjustment.) 

Using the above rules, it is still possible to have strata out of sequence and so a second set of rules is 
applied.  Starting at the top (n=1) and working downward  

If Z(n) is estimated and Z(n) > Z(n+1), then Z(n) = Z(n+1)  
(i.e., If the current elevation is estimated and is above the elevation of the upper stratum, then reset it equal to 
the elevation of the upper stratum.) 

The logic also includes one final check working from the bottom upward to ensure that there are no remaining 
overlaps.  The logical rules applied to the picks and interpolated surfaces are displayed in Figure 34. 

 

 
 

Figure 34.  Schematic representation of rules applied to picks and interpolated surfaces to prevent crossovers.  In this example, if 
Layer 2 < Layer 3, then Layer 2 = Layer 3 when a real pick exists for Layer 3 and Layer 3 = Layer 2 when a real pick exists for 
Layer 2. In practice, Layer 3 should be assigned an elevation at some distance below Layer 2 defined by the thickness of Layer 2. 
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The method for estimating strata elevations described above ensures that all 23 strata (or layers) have 
elevations for each cell.  The DTMs for each stratum are created from these elevations so that all DTMs 
extend over the full extent of the data (Figure 35).  This set of DTMs is referred to as DTM1.  When 
DTM1 is created, the average Z co-ordinate for each triangle is calculated.  This means that by comparing 
successive strata, it is possible to identify where the thickness of a stratum is zero and then to remove that 
triangle.  This will introduce holes into the DTMs where there are no data and where the thickness is zero.  
This new set of DTMs is referred to as DTM2 (see Figure 35). 

CREATING THREE-DIMENSIONAL BLOCK MODELS 

A 3-D block model representing all strata is created by filling the space between each modelled surface in 
DTM1 with subcells (Figure 36).  The planar dimensions of a subcell can be defined by the user, but it 
was decided that either 100 or 200 m cell sizes provided a good resolution without creating too many 
cells.  The dimension of each subcell in the vertical direction is calculated automatically so that it fits 
exactly between the surfaces (i.e., the block thickness is variable). 

CALCULATING VOLUMES AND GRIDS 

The volume of each stratum over the whole area or over a subset of the area can be calculated from either 
DTM1 or the block model.  The results are classified both by stratum and by aquifer or aquitard.  The 
block model includes the co-ordinates of each subcell centre and the thickness of each subcell on a 
regular X-Y grid.  Hence, the elevation of the top and the thickness of each stratum is easily calculated 
and exported to a text file that can be used as input to other software packages for hydrogeological 
modelling or visualization (Figure 37). 

 

 
 

Figure 35.  Perspective view of DTMs for 2 surfaces:  A) for DTM1, all surfaces are continuous surfaces with no holes; B) for 
DTM2, the surfaces have holes cut out where units are not present (vertical exaggeration 25× in both A and B). 
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MODELLING VALLEY-FILL SEDIMENTS IN TUNNEL CHANNELS 

Accurately modelling the large and complex tunnel-channel system present in the Barrie area has 
presented new challenges.  Scripted rules were developed for the Waterloo Region study (Bajc and 
Shirota 2007) to ensure that the stratigraphic integrity of the model is maintained where individual strata 
are absent due either to non-deposition or erosion.  The elevations of the absent strata are either manually 
picked or automatically estimated at the top of the underlying stratum during interpolation so that each 
stratum not only has an elevation for each cell, even if the elevation represents zero thickness, but each 
stratum occurs in the correct order.  These rules do still work for the large valleys in so far as the 
stratigraphic order of each stratum is maintained.  The modelled surfaces of the older upland till and 
glaciolacustrine sediments are pushed down below the elevations of the younger channel-fill sediments;  

 

 
 

Figure 36.  Section view of A) wireframes representing modelled surfaces (DTM1), B) block model showing subcells, 
C) subcells that have been filled in (vertical exaggeration 20×). 
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however, the sides of the valleys end up draped in thick wedges of older sediment and ridges or peaks 
cover the valley bottoms (Figure 38).  The problem lies in the large and rapid change in elevation.  Cells 
near the valley sides have elevations estimated from both the uplands and the valley bottoms, which may 
be as much as 150 m lower.  Digitizing additional picks off the borehole trace reduces the thickness of the 
wedges, but a large number of picks need to be added before the wedges are reduced to a negligible 
thickness.  It is also necessary to create picks for each eroded stratum in exactly the same position or new 
‘younger’ wedges are modelled. 

The customizable interface within the Datamine Studio® application has a function allowing user-
selected groups of strata, instead of the complete stratigraphic column, to be modelled.  Using this 
function, the surface elevations of the ‘upland’ and ‘valley’ strata are modelled separately (Figures 39 and 
40) (Burt 2007b).  A 3-D clipping surface is also modelled based on the valley topography, manual 
interpretation of subsurface data and a conceptual model of the valley evolution.  This clipping surface is 
used to cut the valleys out of the upland strata and trim the excess away from the valley strata (Figures 41 
and 42).  The 2 sets of strata are then merged into a single model (Figure 43).  This procedure means that 
the interpolated elevations for the upland strata reflect their pre-eroded state as they are not pushed down 
by the off-trace picks needed to carve out the valley shape.  This process reduces or eliminates the 
instances of wedges, ridges and peaks of older sediment along the valleys (see Figure 38). 

 

 
 

Figure 37.  Example of file containing X (‘XPT’ field), Y (‘YPT’ field) and Z (‘ZPT’ field) information for the top of each 
stratum (‘SEQNUM’ and ‘STRATUM’ fields) on a regular grid.  The thickness of each stratum is also recorded. 
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Figure 38.  Simplified section view of tunnel valley with wedges and ridges of sediment draping the valley walls and bottom. 
 
 

 
 

Figure 39.  Modelled upland strata. 
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Figure 40.  Modelled valley strata. 
 
 

 
 

Figure 41.  Upland strata after clipping surface has been used to cut out the valley. 
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Figure 42.  Modelled valley strata shown after clipping surface has been used to trim away excess sediment. 
 
 

 
 

Figure 43.  The merged upland and valley models. 
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Conceptual Geological Model 
The development of a conceptual geological model for the interpretation of new and archived subsurface 
data was undertaken following a review of all published information on the Quaternary geology of the 
Barrie–Oro Moraine area.  The model-building process involved subdivision of the Quaternary sequence 
into as high a level of detail as possible for a regional-scale subsurface model.  The conceptual model 
developed for the study area consists of 23 hydrostratigraphic units, listed in Table 4 along with the 
lithostratigraphic unit, a summary of the sediments, the aquifer or aquitard class and a general 
chronology.  The search radii used for geostatistical processing of the picks data is also included.  The 23 
hydrostratigraphic units in the model include 21 overburden and 2 bedrock layers with variable thickness 
and lateral extent (Figure 44). 

There are many challenges that arise when producing a regional-scale geologic model that are not 
problematic for more site-specific work.  First, the time–transgressive nature of some units is difficult to 
model in three dimensions.  For example, an ice advance–retreat sequence will result in the deposition of 
a layer of till out to a given ice margin.  Beyond the ice margin, there may be deposition of glaciofluvial 
and glaciolacustrine sediment, whereas, inside the ice margin, the stratified deposits are subdivided into 
an upper and lower sequence separated by the layer of till.  It is difficult, if not impossible, to subdivide 
the stratified deposits beyond the ice margin into a similar upper and lower sequence as data quality 
generally prevents this.  Another problem with regional-scale modelling is that many units observed in the 
field have limited lateral extent and, therefore, are difficult or impractical to model; deciding which units 
to include and which to combine with younger or older strata requires a judgement call.  For example, the 
partially buried sand and gravel deposited along the walls of the tunnel valleys described by Barnett 
(1990a) has been either combined with the Oro Moraine aquifer (ICSD) unit or more typically omitted 
from the model. 

A related problem is that, regionally, sediment textures typically grade from coarse to fine textured 
along a continuum that, at the same time, may be punctuated by more localized changes in texture.  An 
excellent example of this is the transition from a very coarse-textured (gravel and cobbles) esker to a 
coarse-textured (gravel and coarse sand) ice-proximal subaqueous fan to a progressively finer textured 
(sand and silty sand) distal subaqueous fan and finally fine-textured (silt and clay) lake basin sediments 
(Figure 45).  Shifts in the position of the ice margin, seasonal changes in meltwater and sedimentation 
rates or the opening or closing of a subglacial conduit may cause coarse-textured channel sediments to be  

 

 
 

Figure 44.  Conceptual geologic model for the Barrie–Oro Moraine area.  Abbreviations: AA, Algonquin aquifer; AT, Algonquin 
aquitard; BG, basal gravel aquifer; LDAF, lower drift aquifers; VFA, valley-fill aquifer; VFT, valley-fill aquitard. 
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Table 4.  Listing of the 23 hydrostratigraphic units (with ‘picks’ code name) modelled within the Barrie–Oro Moraine area and 
their corresponding lithostratigraphic equivalents and summary textural descriptions.  Search radii used for geostatistical 
processing of picks data also included. 

General 
Chronology 

Hydrostratigraphic Unit 
(Code) 

Lithostratigraphic Unit Summary Lithology Class Search 
Radius (m) 

Modern Water 
(WAT) 

Medium to large modern water 
bodies 

Water Aquifer 2000 

Late glacial to 
postglacial deposits:   
late Michigan 
Subepisode to 
Hudson Episode 

Algonquin aquifer 
(GLAF) 

Lake Algonquin to recent shoreline 
and nearshore deposits, postglacial 
to modern river deposits and 
modern wetlands 

Sand and silty sand.   
Occasional gravel-rich beds.   
Peat and other organic-rich 
deposits in wetlands. 

Aquifer 2000 

Algonquin aquitard 
(GLAT) 

Lake Algonquin and postglacial 
Lake Nipissing and Lake Edenvale 
deep-water deposits 

Silt, silty clay and clay Aquitard 2500 

Late glacial deposits:   
Michigan 
Subepisode 

Valley fill:  upper aquifer 
(CAF1) 

Tunnel-valley fill:  coarse-textured 
stratified deposits 

Sand and silty sand.   
Rare gravelly beds.   

Aquifer 2500 

Valley fill:  upper aquitard 
(CAT1) 

Tunnel-valley fill:  fine-textured 
stratified deposits 

Silt, silty clay and clay.   
Rare diamicton beds. 

Aquitard 2500 

Valley fill:  middle aquifer 
(CAF2) 

Tunnel-valley fill:  coarse-textured 
stratified deposits 

Sand and silty sand Aquifer 2500 

Valley fill:  lower aquitard 
(CAT2) 

Tunnel-valley fill:  fine-textured 
stratified deposits 

Silt, silty clay and clay.   
Rare diamicton beds  

Aquitard 2500 

Valley fill:  lower aquifer 
(CAF3) 

Tunnel-valley fill:  coarse-textured 
stratified deposits 

Sand and silty sand.   
Occasional gravelly beds. 

Aquifer 2500 

Glacial deposits:  
Port Bruce Phase of 
Michigan Subepisode  

Oro Moraine aquifer 
(ICSD) 

Oro Moraine and equivalent ice-
contact stratified deposits and 
glacial outwash deposits 

Sand and gravel.   
Rare diamicton beds. 

Aquifer 1000 

Glacial deposits:  
Port Bruce Phase of 
Michigan Subepisode 

Newmarket aquitard 
(NT) 

Newmarket Till, northern till and 
isolated pockets of Kettleby Till, 
some fine-textured stratified deposits 

Sandy and silty sand tills.   
Silt.   
Occasional thin sandy beds. 

Aquitard 3000 

Older glacial 
deposits:   
Elgin Subepisode? 

Upper aquifer  
(AF1) 

Regional coarse-textured stratified 
deposits 

Gravel, sand and silty sand Aquifer 2000 

Local aquitard  
(AT1) 

Local fine-textured stratified 
deposits 

Silt, silty clay, clay Aquitard 1000 

Local aquifer  
(AF2) 

Local coarse-textured stratified 
deposits 

Gravel, sand and silty sand Aquifer 500 

Older glacial 
deposits:  Elgin 
Subepisode? 

Regional aquitard  
(AT3) 

Regional fine-textured (deep-water) 
stratified deposits and till 

Silt, silty clay and clay.   
Silt to clay diamicton beds. 

Aquitard 2000 

Regional aquifer 
(AF4) 

Regional coarse-textured stratified 
deposits 

Gravel, sand and silty sand Aquifer 1500 

Really old glacial 
deposits:  
Ontario Subepisode 
to Illinois Episode  

Lower drift:  upper aquitard  
(OST) 

Lower drift:  till and fine-textured 
(deep-water) stratified deposits 

Silty to sandy diamicton, silt, 
silty clay and rarely clay 

Aquitard 2000 

Lower drift:  local aquifers  
(STAF) 

Lower drift:  local coarse-textured 
stratified deposits 

Sand and silty sand Aquifer 1000 

Lower drift:  middle aquitard  
(LD) 

Lower drift:  till and fine-textured 
(deep-water) stratified deposits 

Silty to silty clay diamicton, 
silt, silty clay and clay 

Aquitard 3000 

Lower drift:  lower aquifer  
(LAF) 

Lower drift:  regional coarse-
textured stratified deposits 

Sand and silty sand Aquifer 2000 

Lower drift:  lower aquitard  
(LD2) 

Lower drift:  till and fine-textured 
(deep-water) stratified deposits 

Silty to sandy diamicton.   
Silt, silty clay and rarely clay. 

Aquitard 3000 

Quaternary and 
Paleozoic 
contributions 

Basal aquifer 
(BGravel) 

Basal gravel lag and weathered 
bedrock 

Sand and gravel,  
weathered / karst bedrock 

Aquifer 2000 

Paleozoic and 
Precambrian  

Paleozoic bedrock  
(Paleozoic) 

Paleozoic bedrock Shadow Lake, Gull River, 
Bobcaygeon, Verulam and 
Lindsay Formations: limestone, 
shale, siltstone and sandstone 
(see Paleozoic geology section) 

Bedrock 3000 

Precambrian bedrock  
(Precambrian) 

Precambrian bedrock Grenville Province:  gneiss, 
migmatite, granite, tonalite, 
granodiorite, monzonite and 
syenite 

Bedrock 5000 
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deposited in a distal-fan position or fine-textured silt and clay to be deposited on a fan surface.  What this 
means in terms of a 3-D model is that a regional-scale hydrostratigraphic unit will typically include a 
range of textures.  For example, an aquifer (or potential aquifer) unit will be dominantly sand and gravel, 
but will also incorporate some finer textured sand and silt layers.  It is equally likely that an aquitard unit 
composed of fine-textured silts and clays will likely have localized coarser textured sand layers. 

Another challenge is that of variable quality, spatial distribution and penetration depth of most 
records.  Simply put, there is no point in trying to model a unit that rarely shows up in the subsurface 
records.  This point is illustrated in the hypothetical borehole log sequence shown in Figure 46.  In a 
traditional geologic model, each of the 3 tills, the 2 subaqueous fans and the deep-water glaciolacustrine 
deposits would be modelled separately.  Many water-well records are not detailed enough to separate out 
a fine-textured till and fine-textured glaciolacustrine sediments.  This means that it is often necessary to 
lump units that have very different depositional histories (both depositional environment and timing) 
together into a single hydrostratigraphic unit (middle aquitard). 

 

 
 

Figure 45.  Conceptual model of a subaqueous fan depositional system (adapted from Shaw 1985). 
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Figure 46.  A hypothetical borehole log highlighting the difference between the geological interpretation of sedimentological 
units (including an estimation of the timing of deposition) and the hydrostratigraphic units used for 3-D modelling. 
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Synthesis and Interpretation of Hydrostratigraphic 
Units 
The location, thickness and general composition of each of the 23 modelled hydrostratigraphic units are 
described in the following sections.  Depositional environments and a general estimate of the age of the 
units will also be discussed.  There are 2 important things that need to be kept in mind.  First, as to be 
expected, the deeper down the stratigraphic column you go, the less information there is.  There are some 
good exposures in the uppermost units, but these are essentially non-existent in the lower drift.  Similarly, 
there are very few high-quality borings that intersect the older units.  This means that the discussion 
becomes more speculative with increasing depth.  In an effort to address questions concerning the 
reliability of the model, each isopach or structural contour map presented within the body of the report is 
shown with a dot map that indicates the location and quality of picks used to interpolate each model 
surface (Figure 47).  Low-quality picks are shown in blue, medium-quality picks in green, high-quality 
picks in yellow and definitive picks in orange (picks based on continuous cored boreholes).  Off-trace 
picks used to refine the model surface are shown by an X.  The dot maps provide an estimate of the 
reliability of the source data and give an indication of whether the borings are spread out across the study 
area or are concentrated in one place.  For example, in Figure 47, a section of the upper aquifer dot map 
(A) is compared with the same section from the basal aquifer dot map (B).  The upper aquifer dot map 
shows that a large number of picks were used to generate the surface and so the surface is considered 
fairly reliable.  In contrast, limited picks were used to generate the basal aquifer surface and so the surface 
is not considered to be as reliable. 

Second, the regional scale of the model means that packages of sediments are grouped together.  For 
example, an aquitard unit will typically include till and fine-textured glaciolacustrine sediments, but may 
also include thin beds or lenses of sandy sediments.  Similarly, an aquifer unit that is composed of 
dominantly sand and gravel will also likely include beds of diamicton and fine-textured sediments.  In 
most aquifer units, facies changes are to be expected as you move further and further away from the main 
sediment source; the big stuff drops out first and the small stuff stays in the water column a bit longer.  It 
is simply not possible to model every single textural change observed in the few high-quality borings as 
most of the data are at a much lower resolution. 

 

 
 

Figure 47.  Example sections of dot maps from the upper aquifer (A) and basal aquifer (B) surfaces.  The dot maps show the 
location and quality of data used to generate each surface providing a general guide to the reliability of each generated surface.  
Many dots (‘picks’) equal a more reliable surface (A) and few dots (‘picks’) equal a less reliable surface (B). 
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Figure 48.  Drift thickness in the Barrie–Oro Moraine area.  Thin drift is shown in blue (northeast part of the study area) and 
thick drift is shown in green and yellow (Gao et al. 2007). 
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DRIFT THICKNESS 

Drift thickness within the study area ranges from 0 to 262 m (Figure 48).  There is a close relationship 
between the thickness of the Quaternary deposits and both the physiographic region and proximity to the 
exposed bedrock in the north.  In general, within any given physiographic region, the Quaternary cover 
thickens to the southwest, following the down-dip direction of the upper bedrock surface.  Deposits in the 
Simcoe Uplands physiographic region range from approximately 90 to 180 m, whereas the incised tunnel-
valley network has thicknesses ranging from 40 m to 120 m.  The Oro Moraine was deposited on top of 
the Simcoe Upland till plain resulting in the thickest Quaternary cover within the study area at 150 to 
262 m.  The northern Coldwater clay plain ranges from only a thin drape of sediments over bedrock up to 
40 m of sediments.  The Minesing Flats have 30 to 80 m of Quaternary deposits, whereas the Edenvale 
Moraine and Elmvale clay plain have 90 to 110 m. 

WATER (WAT) 

The water (WAT) hydrostratigraphic unit is the uppermost unit (stratigraphic sequence number 1) and 
consists of medium to large modern waterbodies.  Little Lake, Bass Lake and Orr Lake are shallow 
medium-sized lakes, ranging from 1.25 by 2.5 km to 2 by 3.5 km (see Figures 1 and 48).  Lake Simcoe, 
Lake Couchiching and Severn Sound are large waterbodies that form the south, east and northwest 
boundaries of the study area.  The lakes are important recreational areas within the region. 

ALGONQUIN AQUIFER AND AQUITARD (GLAF, GLAT) 

The Algonquin aquifer (GLAF) hydrostratigraphic unit is the uppermost sedimentary unit within the 
study area (stratigraphic sequence number 2) and includes postglacial to modern deposits.  The unit is 
found at surface and is modelled throughout the tunnel-valley network, the Minesing Swamp, the eastern 
portion of the Coldwater clay plain and parts of the Simcoe Uplands (Figure 49).  The Algonquin aquifer 
comprises a wide range of permeable sediments.  Lake Algonquin nearshore (littoral) laminated and 
rippled sand and rhythmically bedded silty sand to sand generally ranging from less than 1 m up to 20 m 
and occasionally reaching up to 35 m in thickness blankets most of the tunnel-valley network (Photo 10).  
These deposits typically have a flat to very gently sloping surface and may be deeply incised by small 
recent and modern streams.  Thinner, coarser textured sand, gravelly sand and gravel beaches, bars and 
spits deposited in Lake Algonquin are found at the edges and across the mouths of some tunnel valleys.  
There are also shoreline features attributed to postglacial Lake Nipissing in the lowland regions around 
Severn Sound.  Much thinner (generally <5 m thick) but still laterally extensive sandy Lake Algonquin 
nearshore sediments drape the northeastern portions of the Simcoe Uplands, which are at lower 
elevations.  In places, the surfaces of these deposits have been modified by wind action and now form 
small dunes.  Thin, isolated pockets of sandy nearshore sediments are also found on the higher elevation 
portion of the Simcoe Uplands between the Oro Moraine and Lake Simcoe.  Narrow beaches marking the 
fall of Lake Algonquin roughly parallel the modern Lake Simcoe shoreline.  Postglacial to modern 
gravelly sand to silty sand alluvial sediments, including floodplain, channel and fan deposits, overlie the 
Lake Algonquin nearshore and shoreline sediments.  The floodplain and channel deposits are typically 
thin and narrow and follow modern stream courses, whereas the alluvial fans, the largest of which is 
found at the mouth of Horseshoe Valley, extend from the uplands across the tunnel-valley fill.  These fans 
locally thicken the Algonquin aquifer sediment package up to a maximum of approximately 45 m.  
Postglacial to modern organic deposits (peat), and modern wetlands found in the Minesing Swamp, 
adjacent to most lakes, within parts of the tunnel-valley network, the Coldwater clay plain and in 
depressions on the Simcoe Uplands are also included within this unit. 
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Table 5.  Number and percent of water wells screened in each overburden aquifer.  This list is not complete as more than half of 
the water-well records do not contain screen depth information. 

Hydrostratigraphic Unit Number of Screens Percent of Total Overburden Screens 
Algonquin aquifer 148 6.0 
Valley fill:  upper aquifer 206 8.4 
Valley fill:  middle aquifer 89 3.6 
Valley fill:  lower aquifer 36 1.5 
Oro Moraine aquifer 6 0.2 
Upper aquifer 693 28.2 
Local aquifer 96 3.9 
Regional aquifer 807 32.8 
Lower drift:  local aquifers 100 4.1 
Lower drift:  lower aquifer 256 10.4 
Basal aquifer 23 0.9 
 
 

In parts of the tunnel-valley network, the Algonquin aquifer is used for domestic water supply with 
approximately 6% of overburden wells with recorded screen depths screened in this unit (Table 5).  Of far 
greater significance is the potential for groundwater recharge especially along the tunnel-valley network.  
There are a variety of permeable sediments at surface and, in places, these deposits are hydraulically 
connected with both upper aquifer and regional aquifer sediments (Figure 50; Plates 1, 2, 3 and 4). 

 

 
 

Figure 49.  Isopach map of the Algonquin aquifer (GLAF) hydrostratigraphic unit and locations of Algonquin aquifer picks. 
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The Algonquin aquitard (GLAT) hydrostratigraphic unit (stratigraphic sequence number 3) is found 
directly beneath the Algonquin aquifer.  The aquitard is mapped at surface across much of the Coldwater 
clay plain, the northeastern regions of the Minesing Swamp, in the northern parts of the tunnel-valley 
network and as small isolated patches in depressions on the Simcoe Uplands (Figure 51).  It is composed 
of massive to rhythmically bedded fine-textured (dominantly silt, silty clay and clay) sediments 
interpreted as glaciolacustrine and lacustrine deep-water deposits (Photo 11).  The surface expression is 
generally flat to very gently sloping.  Older landscapes may be visible where deposits are very thin and 
only drape the older surfaces instead of burying them.  The most laterally continuous deposits are located  

 

 
 

Photo 10.  Examples of Algonquin aquifer sediments. 
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within the tunnel-valley network and Minesing Swamp where thicknesses range from less than 1 m to 
over 35 m (see Figure 51).  Most of the sediment was likely deposited during the main phase of Lake 
Algonquin with later contributions to the Minesing Swamp from postglacial Lake Edenvale.  The 
continuous to discontinuous Coldwater clay plain deposits are 1 to 10 m thick and were deposited during 
the main phase of Lake Algonquin and in the low-lying areas surrounding Severn Sound during the 
postglacial Lake Nipissing incursion.  The thin, isolated patches found on the Simcoe Uplands are at 
higher elevations than the main phase bluffs, beaches and spits identified within the study area and these 
sediments may have been deposited during an early higher water phase of the lake.  The continuity and 
thickness of this fine-textured unit makes it an important aquitard within parts of the tunnel-valley 
network and Minesing Swamp; however, the relationship between this unit and upland aquifers remains a 
complicating factor.  Outside of the valleys, the sporadic nature of the deposits means that they are no 
longer forming a regionally or even locally significant aquifer. 

 

 
 

Figure 50.  An example cross section of the tunnel valley and adjacent Simcoe Uplands hydrostratigraphic units.  Aquifers are 
shown in yellow, orange and red; aquitards in blue and green.  A) Points of connection between different aquifer units are 
indicated by arrows.  B) The aquifer units that are connected have been recoloured pink.  Notice that, at this location, the light 
blue aquitard (marked by an *) is, in fact, a leaky aquitard. 
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VALLEY FILL (CAF1, CAT1, CAF2, CAT2, CAF3) 

One of the most striking features on the western side of the study area is an interconnected network of 
broad, flat-bottomed and steep-sided valleys (see Figure 48).  These valleys have been interpreted as 
tunnel valleys formed by the rapid release of ponded glacial meltwater (Barnett 1990b).  The tunnel 
valleys were carved out beneath glacial ice and so, as a result, till drapes the upper part of the many valley 
walls.  A similar network of large valleys in the Oak Ridges Moraine area is interpreted as a series of 
tunnel valleys (Russell et al. 2000, 2003).  Several key lines of evidence used to interpret the network of 
large valleys in the Oak Ridges Moraine area are applicable to the current study area including 1) modern 
streams that are underfit compared to the valley network; 2) channels that are incised far below present-
day lake levels; 3) the absence of major delta deposits at modern and paleo shorelines; and 4) the nature 
of the valley-fill sequences (Russell et al. 2000, 2003).  Evidence for the rapid release of subglacially 
ponded meltwater is also found to the north of the study area.  Studies along the northern boundary of the 
Grenville Province, in the general vicinity of Pointe au Baril, document the sculpting of the bedrock 
surface at both the sub-site and regional scale and these features are attributed to erosion by regional-scale 
subglacial meltwater discharge (Kor, Shaw and Sharpe 1991). 

 

 
 

Figure 51.  Isopach map of the Algonquin aquitard (GLAT) hydrostratigraphic unit and locations of Algonquin aquitard picks. 
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The valley fill ranges from less than 10 m thick in the northern portion of the study area up to 100 m 
or more in the central and southern areas.  A series of 3 aquifers and 2 aquitards have been modelled for 
the valley fill.  The fill is likely more complex than this representation, but there is simply not enough 
subsurface information to permit further subdivision of the fill.  Another important point to note is that 
the valley-fill aquifers are connected to the Simcoe Uplands aquifers (see Figure 50; see Plates 1, 2, 3 and 
4).  The specific aquifers affected by this phenomenon changes along the length of the valley network in 
response to changes in the thickness and elevation of the aquifer and aquitard units.  Determining the 
direction of groundwater movement (i.e., from the upland aquifers to the valley aquifers or vice versa) is 
beyond the scope of this project. 

 

 
 

Photo 11.  Examples of Algonquin aquitard sediments. 
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The valley-fill upper aquifer (CAF1) hydrostratigraphic unit (stratigraphic sequence number 4) 
ranges from less than 1 m to nearly 40 m in thickness with the thickest deposits found at the intersection 
of 2 valleys in the west-central portion of the study area (Figure 52).  This unit is fairly continuous 
throughout the valley network with rare pinch-outs in the far north and south.  The upper aquifer is also 
modelled as a series of small isolated pockets of sediment under the Algonquin aquitard on the Coldwater 
Clay Plain and northeastern extension of the Simcoe Uplands.  The upper aquifer was intersected in 
several definitive borings within the valley network as well as numerous hand-augered sites in the thinner 
drift areas of the study site and has been identified in some water-well records (see Figure 52).  Definitive 
borings BH-18-AKB-2004, BH-20-AKB-2005 and BH-34-AKB-2006 reveal thick beds or fining-upward 
pulses of rhythmically bedded rippled and laminated fine- to very fine-textured sand, silty sand, sandy silt 
and on occasion silt and clay (Photo 12).  The hand-augered sediments from the Coldwater clay plain are 
typically thin at less than 2 m, but are also composed of very fine-textured sand to silt.  These sediments 
were probably deposited in Lake Algonquin with a fair amount of sediment deposited by current flow.  
The silts and clays reflect increasing deposition from suspension and so more quiescent conditions.  The 
upper aquifer in definitive boring BH-08-SRS-2004 is composed of medium- to coarse-textured sand, 
gravelly sand and thick beds (up to 14 m thick) of sandy cobble gravels.  These sediments may be Lake 
Algonquin beach deposits, a continuation of the Oro Moraine (related to the ice-contact stratified drift 
mapped at surface immediately upslope from the boring) or some kind of washed mass-wasting deposit.  
This boring is located at the confluence of 2 valleys and intersects Simcoe Upland lower drift deposits  

 

 
 

Figure 52.  Isopach map of the valley-fill upper aquifer (CAF1) hydrostratigraphic unit and locations of valley-fill upper aquifer 
picks. 
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immediately below the upper aquifer (the boring goes through the valley fill and into the older sediments 
beneath), which complicates the interpretation.  Definitive boring BH-09-SRS-2004 intersects 2 fining-
upward cycles of sandy cobble gravel to sand and finally rhythmically bedded silt and clay.  This boring 
is also located at the edge of a valley and intersects older sediments; however, in this case, the location of 
the boring and the sediments encountered are more conclusively indicative of deposition in a shoreline 
environment.  This aquifer is used for domestic and agricultural water supply with 8.4% of overburden 
wells with recorded screens depths screened in this unit (see Table 5). 

 

 
 

Photo 12.  Examples of rhythmically bedded and fining-upward sand and silty sand from the valley-fill upper aquifer.  The 
numbers indicate the depth below surface in metres. 



 

63 

The remaining aquifer and aquitard units are only modelled within the valley network and become 
increasingly speculative with depth.  The valley-fill upper aquitard (CAT1) hydrostratigraphic unit 
(stratigraphic sequence number 5) is modelled as continuous throughout the valleys with the exception of 
the far north where it thins and becomes sporadic (Figure 53).  The aquitard ranges from less than 1 m to 
nearly 32 m in thickness, but is typically 3 to 20 m in thickness.  The unit is best represented in definitive 
boring BH-34-AKB-2006 where 20 m of rhythmically bedded couplets of thinly bedded to laminated silt 
and clay were intersected (Photo 13).  The silt and clay couplets first decrease in thickness becoming a 
laminated clay, then this trend is reversed and the silt and clay couplets thicken again.  From 43.05 m to 
63.75 m below surface, 1186 (and possibly up to 1235) couplets were observed.  The upper aquitard was 
likely deposited in Lake Algonquin and the depositional sequence is indicative of gradually deepening 
water followed by a shift back to shallower conditions.  The textural trends may also reflect the shutting 
down of one sediment source and the opening of another.  In either circumstance, based on the number of 
clay layers, deep water and fairly quiescent conditions prevailed for roughly 1200 years if each couplet is 
considered to represent an annual event.  At first glance, the thickness and lateral continuity of the upper 
aquitard unit mean that it is an important aquitard within the tunnel-valley network.  This picture is 
misleading, however, as, in many places, the thickness of the aquitard is less than the thickness of the 
adjacent upland aquifers, which means that the valley-fill and upland aquifers are hydraulically connected 
(see Figure 50). 

 

 
 

Figure 53.  Isopach map of the valley-fill upper aquitard (CAT1) hydrostratigraphic unit and locations of valley-fill upper 
aquitard picks. 
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Photo 13.  Examples of valley-fill upper aquitard rhythmically bedded silt and clay from BH-34-AKB-2006.  The numbers 
indicate the depth below surface in metres. 
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The valley-fill middle aquifer (CAF2) hydrostratigraphic unit (stratigraphic sequence number 6) 
ranges from less than 1 m to nearly 38 m in thickness, with the thickest sediments slightly north of the 
central portion of the valley network (Figure 54).  The middle aquifer is best represented in definitive 
boring BH-34-AKB-2006 where nearly 12 m of sediment was cored and a monitoring well installed.  
At the time of installation, the well was flowing slightly, estimated by the well installers at 4 to 8 L (1 to 
2 gallons) per minute.  The aquifer is composed of beds of medium- to fine-textured sand with occasional 
planar parallel and ripple structures (Photo 14).  Rare beds of medium-textured sand, granular sand and 
rhythmically bedded fining-upward sequences of fine-textured sand to silt were also intersected.  These 
sediments would probably have been deposited in Lake Algonquin.  The structure of the sediments was not 
particularly well preserved due to the saturated and pressurized conditions, but general observations could 
be made.  As with the upper aquifer, the middle aquifer is exploited for domestic and agricultural water 
supply with 3.6% of overburden wells with recorded screens depths screened in this unit (see Table 5). 

The valley-fill lower aquitard (CAT2) hydrostratigraphic unit (stratigraphic sequence number 7), 
ranging from less than 1 m to nearly 25 m in thickness (Figure 55), and the valley-fill lower aquifer 
(CAF3) hydrostratigraphic unit (stratigraphic sequence number 8), ranging from less than 1 m to nearly 
41 m in thickness (Figure 56), are found in the central and southern parts of the valley network.  With the 
exception of the southernmost valley, these units are very poorly constrained as few borings intersect 
either unit.  Only one definitive boring (BH-20-AKB-2005) drilled for this project intersects these units.  
The nearly 30 m of lower aquitard sediments encountered include rhythmically bedded fine-textured sand  

 

 
 

Figure 54.  Isopach map of the valley-fill middle aquifer (CAF2) hydrostratigraphic unit and locations of valley-fill middle 
aquifer picks. 
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fining upward to laminated silt or laminated silt and clay, rhythmically bedded silt fining upward to 
laminated silt and clay and, finally, laminated silt and clay (Photo 15).  The fine-textured sandy and silty 
sediments would have been deposited under low flow conditions, whereas the laminated silt and clay 
reflect deposition from suspension under quiescent conditions.  The lower aquitard would likely have 
been deposited in Lake Algonquin in a very low energy environment, possibly during an earlier phase of 
the lakes history than the overlying units.  The textural shifts likely reflect changes in flow velocity and 
the proximity of the sediment source more than repeated changes in lake level. 

 

 
 

Photo 14.  Examples of valley-fill middle aquifer medium- to fine-textured sand (upper 2 photos) and granular sand from BH-34-
AKB-2006.  The numbers indicate the depth below surface in metres. 
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The 15 m of lower aquifer sediments encountered in definitive boring BH-20-AKB-2005 include 
sandy gravel, gravelly sand and very coarse- to fine-textured sand with rare beds of laminated silt (Photo 
16).  Many of the water wells that are screened in this unit record sandy and gravelly sediments.  These 
relatively coarse-textured sediments would have been deposited under much higher energy conditions 
than the upper and middle aquifer deposits.  These sands and gravels may have been deposited during 
waning discharge from the subglacial flood event that carved the valleys out of the uplands.  The lower 
aquifer is currently exploited for the City of Barrie’s municipal water supply and, in a few instances, for 
domestic and agricultural uses.  At present, only 1.5% of overburden wells with recorded screens depths 
are screened in this unit (see Table 5) and it presents a significant potential water source in other parts of 
the valley system. 

Throughout most of the valley network, there is insufficient evidence to determine whether the 
valleys incised to bedrock or just to a lower drift unit.  The few definitive borings that are available 
suggest that the depth of erosion is variable along the length of the valleys.  For example, boring OGS-90-7 
has 7 m of till over bedrock, whereas boring BH-20-AKB-2005 does not have any till between the valley 
fill and bedrock.  This has important implications for recharge of the Paleozoic bedrock aquifer as these 
holes in the lowermost till aquifers represent points of connection between the valley-fill aquifers and the 
Paleozoic bedrock aquifer. 

 

 
 

Figure 55.  Isopach map of the valley-fill lower aquitard (CAT2) hydrostratigraphic unit and locations of valley-fill lower 
aquitard picks. 
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Figure 56.  Isopach map of the valley-fill lower aquifer (CAF3) hydrostratigraphic unit and locations of valley-fill lower aquifer 
picks. 

 
 

 
 

Photo 15.  Example of rhythmically bedded very fine-textured sand, silt and clay from the valley-fill lower aquitard.  The 
cleaned off core is approximately 5 cm long and 8 cm wide. 



 

69 

ORO MORAINE AQUIFER (ICSD) 

The Oro Moraine aquifer (ICSD) hydrostratigraphic unit (stratigraphic sequence number 9) includes the 
Oro Moraine as well as other contemporary ice-contact stratified drift and outwash deposits.  In this 
model, all of the deposits modelled are at surface as the density and quality of the data precluded 
modelling the complex relationship between till and stratified deposits at the moraine edges.  The 
approximately 165 km2 Oro Moraine portion of the aquifer is centrally located within the study area 
(Figure 57).  As modelled, it ranges from less than 1 m to 69 m in thickness with the thickest sediments 
located in 6 elongated to irregularly shaped topographic highs ranging from 1 to 3 km in length.  In 
addition, there are small local highs along several long ridges.  Away from these deposits, the aquifer 
thins to less than 1 m to 40 m in thickness with numerous small to medium holes and an irregular outer 
margin. 

 

 
 

Photo 16.  Examples of fine-textured sand and gravelly coarse-textured sand from the valley-fill lower aquifer.  Each photo is 
5 cm from top to bottom. 
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The Oro Moraine has been interpreted as an end moraine formed during a standstill of the Lake Simcoe 
lobe (Deane 1950); as an interlobate moraine overridden by ice from the Lake Simcoe basin (Gravenor 
1957); as a remnant deposit of an earlier sandy moraine built by the Georgian Bay lobe that was 
subsequently overridden from the northeast (Chapman and Putnam 1984); as an interlobate feature deposited 
in 3 main stages as a series of coalescing subaqueous fans and within open and closed conduits in a widening 
interlobate zone (Barnett 1986, 1989); and as a series of stacked subaqueous fans (Slattery 2003). 

The larger elongated to irregularly shaped topographic highs are interpreted as the ice-proximal portion 
of subaqueous fans that fine and thin away from the fan apexes and the ridges as eskers deposited in 
conduits.  A wide range of sediment textures and structures supporting these interpretations were observed 
in pits across the moraine.  Cobble and boulder gravels are the coarsest facies (for example BH-22-AKB-
2005) and were likely deposited by very fast moving water in a subglacial conduit setting.  As the water 
exited from the conduit, the flow would have spread out losing velocity and the ability to carry cobbles and  

 

 
 

Figure 57.  Isopach map of the Oro Moraine aquifer (ICSD) hydrostratigraphic unit and locations of Oro Moraine aquifer picks. 
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gravel.  The thick, flat-lying beds of gravel shown in Photos 17 and 18 would have been deposited in an ice-
proximal position close to the mouth of the conduit.  High-angled faults, such as those shown in Photo 19, 
are common when ice support is removed after deposition.  Moving further away from the source zone, the 
sediment becomes progressively finer in texture.  Climbing ripples and diffusely laminated sands suggest 
deposition from highly concentrated flows, whereas cross-bedded, planar-bedded and rippled sands record 
variations in flow velocity (see Photos 18 and 20).  Scour-and-fill structures form as the position of feeder 
channels migrates across the fan surface.  Progressing from a mid-fan to a distal-fan position, the sediments 
continue to fine and become dominated by climbing to draped ripples of very fine-textured sand and silt that 
indicate deposition from slower water with increasing deposition from suspension (Photo 21).  Clay 
laminations confirm deposition in standing water (Photo 22). 

 

 
 

Photo 17.  Oro Moraine subaqueous fan dominated by ice-proximal facies:  A) thick, flat-lying beds of cobble gravel; and 
B) mid-fan sand and occasionally pebbly sand facies.  The arrow indicates the field assistant. 

 
 

 
 

Photo 18.  Variability in subaqueous fan facies observed in the Oro Moraine.  The generally fining-upward sequence suggests 
decreasing energy and a shift in relative position from ice-proximal to mid-fan to distal fan over time:  A) pebble gravel; B) dune 
cross-bedded medium-textured sand with rare gravel; C) draped and climbing rippled silt and fine-textured sand; and D) diffusely 
laminated and rippled medium- to fine-textured sand. 
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Photo 19.  Sand and gravel subaqueous fan facies dominated by high-angle faults that are typical of removal of ice support.  
Coloured scale marker is 1 m high. 

 
 

 
 

Photo 20.  Beds of diffusely graded sand.  Section is approximately 1.5 m high. 
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Photo 21.  Distal subaqueous fan facies dominated by fine- and very fine-textured ripples.  Coloured scale marker is 1 m high. 
 
 

 
 

Photo 22.  Clay laminations confirming deposition under quiescent conditions such as in a glacial lake.  Knife blade is about 
5 cm wide. 
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Immediately beyond the Oro Moraine, on the uplands west and southwest of the moraine and on the 
uplands west of Barrie, there are a large number of irregularly shaped and typically thin ice-contact stratified 
drift and outwash deposits ranging from less than 1 m to 20 m in thickness (see Figure 57; Photo 23).  There 
are also some isolated very thin deposits extending toward the northern part of the study area.  It should be 
noted that some of the very small ‘spots’ shown on Figure 57 are artefacts of the modelling process. 

The Oro Moraine aquifer is not an important source of domestic or agricultural water as only about 
0.2% of overburden wells with recorded screens depths screened in this unit (see Table 5).  The real 
importance of this deposit is as a recharge area for 3 major watersheds: Lake Simcoe, Nottawasaga Valley 
and Severn Sound (see Figure 4). 

NEWMARKET AQUITARD (NT) 

The Newmarket aquitard (NT) hydrostratigraphic unit (stratigraphic sequence number 10) extends across 
most of the study area except in the thin drift areas in the far north where it thins and pinches out becoming 
patchy and sporadic (Figure 58).  The aquitard is bisected by the tunnel-valley network on the western side 
of the study area.  Small, but nevertheless potentially critical, holes have also been modelled across the 
Simcoe Uplands.  The Newmarket aquitard ranges from less than 1 m to nearly 80 m in thickness, but is 
typically at the thinner end of this range.  Approximately 80% of the aquitard is less than 20 m thick and 
only 5% is more than 30 m thick.  The aquitard crops out across much of the Simcoe Uplands, although 
there are some localized Algonquin aquifer and aquitard sediments in surface depressions.  The surface 
expression ranges from gently to steeply rolling to streamlined.  The streamlining is most apparent north and 
east of the Oro Moraine. 

 
 

 
 

Photo 23.  Thin beds of gravel and sand. 
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The Newmarket aquitard is composed primarily of Port Bruce Phase Newmarket Till and northern 
till and isolated pockets of Port Huron Phase Kettleby Till.  Newmarket Till ranges from somewhat stony 
sandy silt till to stony silty sand till ranging from 21 to 83% sand, 16 to 73% silt and 0 to 20% clay with 
an average composition of 60% sand, 36% silt and 4% clay (Figure 59; Photos 24A, 24B and 24C; Table 
6).  The till is fairly carbonate rich ranging from 9 to 52% with an average of 27% total carbonate.  
Lenses and seams of silty and sandy sediments are common and, in places, old hand-dug wells are 
probably exploiting some of these.  In general, the siltier Newmarket Till samples were obtained from 
cores located between the Oro Moraine and Lake Simcoe.  The northern till is typically a stony sandy till.  
Fine-textured (fine-textured sandy silt to silt and rhythmically bedded silt and silty clay) deep-water 
glaciolacustrine deposits were intersected in several definitive borings and these sediments have been 
included in the Newmarket Aquitard (see Photo 24).  This was done as the 2 lithostratigraphic units (tills 
and glaciolacustrine sediments) form successive aquitards with no intervening aquifer and it was not 
possible to distinguish between the 2 units in many water-well records. 

 

 
 

Figure 58.  Isopach map of the Newmarket aquitard (NT) hydrostratigraphic unit and locations of Newmarket aquitard picks. 
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Photo 24.  Examples of the Newmarket aquitard:  A) Newmarket Till overlying upper aquifer sand and gravel; B) stony silty 
sand Newmarket Till; C) stony sandy silt Newmarket Till; and D) silt and silty clay deep-water glaciolacustrine sediments.  The 
numbers indicate the depth below surface in metres. 
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Table 6.  Comparison of study area tills. 

Till # PSA 
Samples 

% Sand % Silt % Clay # Chittick 
Samples 

Total Carbonate 
Range Avg. Range Avg. Range Avg. Range Avg. 

Newmarket 112 21 – 83 60 16 – 73 36  0 – 20 4 78  9 – 52 27 
Regional Aquitard 1 13  0 – 11 4 52 – 69 62 30 – 36 34 

21 28 – 48 38 Regional Aquitard 2 7  0 –  7 2 70 – 80 80 11 – 29 18 
Regional Aquitard 3 10 13 – 37 25 51 – 74 61  8 – 19 13 
Lower Drift Upper Aquitard 34 41 – 89 64 11 – 54 31  0 – 15 5 22 18 – 47 33 
Lower Drift Middle Aquitard 42  0 – 46 24 40 – 75 57  6 – 38 19 32 23 – 62 43 
Lower Drift Lower Aquitard 23 35 – 76 57 22 – 52 37  1 – 14 6 17 25 – 51 35 
 

UPPER AQUIFER COMPLEX:  UPPER AQUIFER, LOCAL AQUITARD 
AND LOCAL AQUIFER (AF1, AT1, AF2) 

The upper aquifer complex consists of 2 aquifers, the regionally significant upper aquifer and much smaller 
local aquifer, separated by an aquitard.  The complex is interpreted to represent several phases of deposition.  
The upper aquifer complex is an important supplier of domestic and agricultural water as approximately 
32% of overburden wells with recorded screens depths are screened in this unit (see Table 5).  Of these, 
approximately 85% are screened in the upper aquifer and 15% are screened in the local aquifer. 

The upper aquifer (AF1) hydrostratigraphic unit (stratigraphic sequence number 11) is modelled 
across most of the thick and thin drift areas of the Simcoe Uplands and is bisected by the tunnel-valley 
network (Figure 60).  The aquifer ranges from less than 1 m to 78 m in thickness, but is typically less than  

 

 
 

Figure 59.  Grain size envelope for Newmarket Till. 
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40 m thick.  The thickest deposits are found in the upland area west of the city of Barrie with small, 
locally thick areas around the Oro Moraine.  In contrast, the modelled surface elevation of the aquifer is 
highest under and northwest of the moraine, with a much lower, but still elevated, area in the uplands 
west of Barrie (see Plate 5).  Away from the thickest deposits, the aquifer becomes progressively thinner 
and there are many holes that may be due to non-deposition, erosion, or a combination of the two.  
Toward the north, the aquifer is modelled as a series of thin isolated patches. 

The upper aquifer is well represented in the subsurface database and has been identified in high-, 
medium- and low-quality borings.  It is best represented in definitive borings BH-11-AKB-2004, BH-21-
AKB-2005, BH-22-AKB-2005, BH-27-AKB-2006, BH-30-AKB-2006 and BH-35-AKB-2006 with 
between 20 and 65 m of sediment being intersected.  The sediments encountered typically include beds of 
coarse- to medium-textured sand, rippled and planar parallel laminated medium- to fine-textured sand and 
rhythmically bedded medium- to very fine-textured sand and silt (Photo 25).  Coarse-textured sand, 
gravelly sandy and gravel beds were occasionally encountered as were rhythmically bedded sand and silt 
with thin clay laminations (see Photo 24).  Generally speaking, the upper aquifer likely includes the full 
spectrum of coarser textured sediments and similar depositional and postdepositional modifications 
observed at surface today including beaches, bars and nearshore deposits, subaqueous fans, eskers and 
alluvial deposits.  For example, the interbedded sand and gravel may have been deposited as glacial 
outwash, the thick rippled sands in subaqueous fans and the rhythmically bedded fine-textured sand, silt 
and clay was likely deposited in a distal-fan position where there is increasing input from suspension.  
Barnett (1991b) describes ice-contact deep channel-shaped scours filled with cross-bedded sand and  

 

 
 

Figure 60.  Isopach map of the upper aquifer (AF1) hydrostratigraphic unit and locations of upper aquifer picks. 
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gravel and sheets of plane-bedded sand.  Coarse gravel to cobble beds typical of deposition in a conduit or 
an ice-contact position were not observed by the author. 

The local aquitard (AT1) hydrostratigraphic unit (stratigraphic sequence number 12) is modelled in 
the central and north western portions of the study area  and separates the upper aquifer from the 
underlying local aquifer (Figure 61).  Beyond the modelled extent of the underlying local aquifer, it is not 
possible to separate the local aquitard from the regional aquitard that is described in the next section.  The 
local aquitard ranges from less than 1 m to 45 m in thickness, but is generally less than 25 m thick.  As 
modelled, the formation thins toward the edges where there are numerous small holes and then transitions 
to small, sporadic patches.  The aquitard is fairly well constrained by several high- and numerous low-
quality borings (see Figure 61).  It is best represented (Photo 26) by definitive borings BH-19-AKB-2004, 
BH-22-AKB-2005 and BH-36-AKB-2006 in which it is composed of rhythmically bedded fine-textured 
sand, silt and clay or rhythmically bedded silt and clay with occasional beds of sand and diamicton 
observed in BH-22-AKB-2005.  The aquitard is interpreted as a deep-water glaciolacustrine package with 
local inputs of sand and diamicton representing a closer proximity to the sediment source, or possibly a 
simple reactivation of a conduit system. 

 

 
 

Photo 25.  Examples of the upper aquifer:  A) rippled, planar parallel laminated and massive medium-textured sand from BH-35-
AKB-2006; and B) planar parallel laminated sand and gravelly sand from BH-27-AKB-2006.  The numbers indicate the depth 
below surface in metres. 



 

80 

 
 

Figure 61.  Isopach map of the local aquitard (AT1) hydrostratigraphic unit and locations of local aquitard picks. 
 

 
 

Photo 26.  Examples of the local aquitard:  A) overview picture from BH-36-AKB-2006 showing diamicton over silt and 
rhythmically bedded very fine-textured sand and silt (the numbers indicate the depth below surface in metres); and B) laminated 
silt and clay from BH-19-AKB-2004.  The section of core shown in (B) is approximately 25 cm long. 
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The local aquifer (AF2) hydrostratigraphic unit (stratigraphic sequence number 13) is modelled in 
the central and northwestern portions of the study area (Figure 62).  The aquifer is composed of numerous 
small- to medium-sized coalescing segments that become smaller and increasingly sporadic toward the 
edges of its modelled extent.  It ranges from less than 1 m to 34 m in thickness, but is generally less than 
15 m thick.  The local aquifer is fairly well constrained by high- and low-quality borings.  It is best 
represented (Photo 27) in definitive borings BH-19-AKB-2004, BH-22-AKB-2005 and BH-36-AKB-
2006 where it is dominated by rippled medium- to fine-textured sand and rhythmically bedded medium- 
or fine-textured sand fining upward to very fine-textured sand and silt.  In places, there are examples of 
coarser textured sediments, such as BH-22-AKB-2005, which fines upward from gravel and granular sand 
to sand.  These sediments and the modelled thickness and lateral extent of the unit are consistent with 
deposition as a series of coalescing subaqueous fans.  The thicker coarser sediments may have been 
deposited in a conduit (esker) or in an ice-proximal position, whereas thinner coarse-textured beds may 
represent mid-fan channels.  The rippled sands were likely deposited in mid- to distal-fan bars, whereas 
the rhythmically bedded fine-textured sand and silty sediments would have been deposited in a distal 
position where there is increasing input from suspension. 

 

 
 

Figure 62.  Isopach map of the local aquifer (AF2) hydrostratigraphic unit and locations of local aquifer picks. 
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Deposition of the upper aquifer complex likely predates the last glacial maximum when the 
overlying Newmarket Till was deposited.  The aquifers and fine-textured glaciolacustrine aquitard would 
likely have been deposited during the recession of an older ice sheet, and the most likely candidate is the 
ice that deposited the underlying regional aquitard till (see “Regional Aquitard (AT3)”).  Detrital plant 
material obtained from local aquifer rippled sands near the base of BH-35-AKB-2006 was radiocarbon 
dated at 38 860 ± 480 years BP.  Organic material of this age corresponds with the latter part of the Elgin 
Subepisode Port Talbot Phase interstadial warm period.  Advancing (Brimley Phase?) ice would have 
entrained the organic material along with the surface sediments and the organic material would have been 
redeposited as the ice receded. 

 

 
 

Photo 27.  Examples of the local aquifer from BH-36-AKB-2006:  A) overview; and B) rippled sand.  The numbers indicate the 
depth below surface in metres. 



 

83 

REGIONAL AQUITARD (AT3) 

The regional aquitard (AT3) hydrostratigraphic unit (stratigraphic sequence number 14) is modelled 
across most of the thick drift portion of the study area (Figure 63).  The aquitard ranges from less than 
1 m to 60 m in thickness, but is typically less than 1 m to 35 m in thickness.  The unit is thickest in a 
broad band that extends from Lake Simcoe, under the Oro Moraine, and toward the northwest extent of 
the study area.  The small isolated very thick deposits are likely a combination of filled-in lows in the 
underlying surface and inaccuracies in the model.  There are numerous small holes and small patchy 
outliers toward the edges of the unit.  More significantly, the aquitard is bisected by the tunnel-valley 
network. 

The regional aquitard is well represented in the subsurface database in low-, medium- and high-
quality borings.  The unit is composed of fine-textured diamicton, likely including both till and debris 
flows, and fine-textured stratified sediments interpreted as deep-water glaciolacustrine deposits that are 
found beneath and overlying the diamicton.  The till is best represented in definitive borings BH-03-
AKB-2004, BH-11-AKB-2004, BH-13-AKB-2004, BH-30-AKB-2006, BH-32-AKB-2006 and BH-37-
AKB-2006.  It varies from a slightly stony and gritty clay silt till (ranging from 0 to 11% sand, 52 to 69% 
silt and 30 to 36% clay with an average composition of 4% sand, 62% silt and 34% clay) to a slightly 
stony silt till (ranging from 0 to 7% sand, 70 to 88% silt and 11 to 29% clay with an average  

 

 
 

Figure 63.  Isopach map of the regional aquitard (AT3) hydrostratigraphic unit and locations of regional aquitard picks. 
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composition of 2% sand, 80% silt and 18% clay) to a stony sandy silt till (ranging from 13 to 37% sand, 
51 to 74% silt and 8 to 19% clay with an average composition of 25% sand, 61% silt and 13% clay) (see 
Table 6; Figure 64; Photo 28).  The till is fairly carbonate rich ranging from 28 to 48% with an average of 
38% total carbonate.  The till and debris flows are not found across the full extent of the regional aquitard:  
many definitive borings have glaciolacustrine sediments, but no diamicton (e.g., borings BH-05-SRS-2004, 
BH-23-AKB-2006, BH-226-AKB-2006, BH-27-AKB-2006 and BH-29-AKB-2006).  The glaciolacustrine 
sediments are typically rhythmically bedded ranging from medium to thin beds of fine- or very fine-
textured sand fining upward to silt and clay to laminated silt and clay (see Photo 28). 

No materials suitable for radiocarbon dating were recovered below the upper aquifer complex and 
there has been little success in tracing the older glacial units beyond the study area boundary.  Accepting 
the upper aquifer age estimate as plausible places deposition of the regional aquitard till during the 
Brimley Phase of the Elgin Subepisode (see Figure 6).  It is less likely that the regional aquitard is a 
Michigan Subepisode deposit.  The regional aquitard may well encompass sediments from 2 glaciations.  
The fine-textured glaciolacustrine sediments found beneath the till may have been deposited in a glacial 
lake that formed from ponding glacial meltwater as the previous glacier retreated (see Figure 46 for an 
example of this scenario).  In boring BH-37-AKB-2006, 417 clay layers (each proposed to represent one 
year of deposition) were counted in a gradually fining-upward sub-till unit.  In contrast, the fine-textured 
sediments that overlie the regional aquitard till were probably deposited as the regional aquitard ice 
retreated.  In borings BH-32-AKB-2006 and BH-30-AKB-2006, 253 and 626 clay layers were counted.  
The sediments forming the previously described upper aquifer complex were likely deposited during 
recession of this ice. 

 

 
 

Figure 64.  Grain size curves for the regional aquitard (AT3) till. 
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The regional aquitard is a significant unit as it separates the upper aquifer complex from the regional 
aquifer.  The tunnel-valley network bisects the aquitard and this represents a significant potential 
hydrological connection between the 2 aquifer systems.  As modelled, the upper aquifer complex and 
regional aquifer are linked with the valley-fill aquifers.  This means that even though the fine-texture of 
the unit makes it excellent aquitard material, in practice, it really isn’t acting as an aquitard along the 
western side of the study area. 

 

 
 

Photo 28.  Examples of the regional aquitard:  A) slightly stony silt till from BH-32-AKB-2006; B) slightly stony and gritty clay 
silt till from BH-37-AKB-2006; and C) rhythmically bedded silt and clay from BH-30-AKB-2006.  The numbers indicate the 
depth below surface in metres. 
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REGIONAL AQUIFER (AF4) 

The regional aquifer (AF4) hydrostratigraphic unit (stratigraphic sequence number 15) is modelled across 
most of the thick drift portion of the study area (Figure 65).  The aquifer is bisected by the tunnel-valley 
network and becomes patchy and sporadic toward the northern and eastern limits.  The unit ranges from 
less than 1 m to 54 m in thickness with the thickest sediments being found in the west-central portion of 
the study area.  In this area, the aquifer forms a series of roughly northwest-trending ridges that rise 35 to 
50 m or more above the surrounding aquifer surface (see Plate 5).  The ridges appear to be formed of a 
series of coalescing local highs.  South and northeast of these ridges, the aquifer typically ranges from 
less than 1 m to 35 m in thickness.  The regional aquifer is well represented in the subsurface database, 
although the spatial distribution of data points is quite variable.  This is most apparent in the central 
portion of the study area where there are few records from the Oro Moraine, but the data density increases 
both south and north of the moraine. 

The regional aquifer is best represented in definitive borings BH-01-SRS-2004, BH-13-AKB-2004, 
BH-22-AKB-2005, BH-23-AKB-2005, BH-27-AKB-2006 and BH-28-AKB-2006, which record both 
coarser and finer end members of the aquifer.  Borings BH-01-SRS-2004, BH-22-AKB-2005 and BH-23-
AKB-2005 are located at modelled topographic highs and intersect medium- to coarse-textured sand, 
sandy gravel, gravel and boulder gravel beds deposited as a series of roughly fining-upward pulses (Photo 
29).  In contrast, borings BH-13-AKB-2004, BH-27-AKB-2006 and BH-28-AKB-2006 are located at  

 

 
 

Figure 65.  Isopach map of the regional aquifer (AF4) hydrostratigraphic unit and locations of regional aquifer picks. 
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Photo 29.  Examples of the regional aquifer:  A) gravelly sand, sandy gravel and boulder gravel beds from BH-23-AKB-2005 
(note that most of the sand was washed away during drilling); B) coarse-textured sand, gravelly sand and gravel from BH-23-AKB-
2005; and C) medium-textured sand from BH-27-AKB-2006.  The numbers indicate the depth below surface in feet (A and B) or 
metres (C). 
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modelled topographic lows and intersect typically finer textured sediments.  Planar laminated, cross-
bedded and ripple drift cross-laminated medium- to medium-fine–textured sand beds and thick to thin 
pulses of coarse- to medium-textured sand fining upward to silty sand dominate the borings and only 
occasional gravel sand beds were observed (see Photo 29).  The surface expression, extent and range of 
sediments and structures are consistent with deposition in a series of coalescing subaqueous fans.  The 
coarser textured sediments would have been deposited proximal to the sediment source and the finer 
textured sediments in a more distal position with thin gravel beds representing possible mid-fan channels. 

The regional aquifer is currently one of the most important aquifers in the study area as approximately 
33% of overburden wells with recorded screens depths are screened in this unit (see Table 5).  Based on the 
results of the model, the regional aquifer is likely hydraulically connected to the valley-fill aquifers (upper 
and middle aquifers in particular), which further increases its significance. 

LOWER DRIFT (OST, STAF, LD, LAF, LD2) 

The lower drift package is made up of a series of 3 aquitard and 2 aquifer units.  The lower drift upper 
aquitard (OST) hydrostratigraphic unit (stratigraphic sequence number 16) is modelled across much of the 
thick drift portion of the study area (Figure 66).  The aquitard ranges from less than 1 m to 43 m in 
thickness, but is typically less than 25 m in thickness and becomes quite patchy toward the edges of its 
modelled extent.  The greatest thickness of sediment is south to southwest and northwest of the Oro 
Moraine.  There are numerous small to fairly large holes in addition to the tunnel-valley network.  For the  

 

 
 

Figure 66.  Isopach map of the lower drift upper aquitard (OST) hydrostratigraphic unit and locations of upper aquitard picks. 
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most part, this unit is poorly represented and difficult to identify in the water-well records and this might 
be the reason for some of the holes.  The upper aquitard is composed of silty sand to sand till ranging 
from 41 to 89% sand, 11 to 54% silt and 0 to 15% clay with an average composition of 64% sand, 31% 
silt and 5% clay (see Table 6; Figure 67; Photo 30).  The till is fairly carbonate rich ranging from 18 to 
47% with an average of 33% total carbonate.  The till is frequently interbedded with silty sand to sand and  

 

 
 

Figure 67.  Grain size curves for the lower drift upper aquitard (OST) till. 
 

 
 

Photo 30.  Examples of the lower drift upper aquitard from BH-33-AKB-2006:  A) stony silty sandy till; and B) rhythmically 
bedded sand, silt and clay.  The numbers indicate the depth below surface in metres. 
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occasionally overlies rhythmically bedded fine-textured sand, silt and clay interpreted as distal 
subaqueous fan and glaciolacustrine deposits that have been modelled with the till (see Photo 30). 

The lower drift local aquifer (STAF) hydrostratigraphic unit (stratigraphic sequence number 17) 
consists of numerous small and somewhat sporadic deposits modelled across the central portion of the 
study area (Figure 68).  It ranges from less than 1m to 32 m in thickness, but is typically less than 15 m 
thick.  The unit is poorly represented in the subsurface database.  The local aquifer unit is best represented 
in definitive borings BH-01-SRS-2004, BH-03-AKB-2004, BH-08-SRS-2004 and BH-09-SRS-2004.  
The aquifer is composed of a variety of sediments including rhythmically bedded sequences of fine-
textured sand fining upward to silty sand; interbedded medium- and fine-textured sand with heavy 
mineral laminations and ripple drift cross bedding; gravelly coarse-textured sand and occasionally gravel 
(Photo 31).  These sediments may have been deposited as glacial outwash or in a series of subaqueous 
fans and the different textures reflect changes in the proximity to the sediment source.  This unit is a 
locally significant source of water with approximately 4% of overburden wells with recorded screens 
depths screened in this unit (see Table 5). 

The lower drift middle aquitard (LD) hydrostratigraphic unit (stratigraphic sequence number 18) is 
modelled across most of the thick drift portion of the study area (Figure 69).  The unit ranges from less 
than 1 m to 53 m in thickness, but is typically less than 35 m in thickness.  As modelled, the middle 
aquitard unit is thickest in a somewhat discontinuous band extending from the western portion of the Oro 
Moraine toward the northwest.  There are additional local thick regions southwest of the main northwest-
trending band.  The middle aquitard is not located within the tunnel-valley network with the notable 
exception of a shallow east-trending valley located at the town of Midhurst, north of the city of Barrie 
(see Figure 69).  The middle aquitard is best represented in definitive borings BH-01-SRS-2004, BH-03-
AKB-2004 BH-05-SRS-2004 and BH-37-AKB-2006 where it is characterized by till interbedded with or 
overlying fine-textured stratified sediments (Photo 32).  In water-well and monitoring well records, the 
aquitard is identified as either diamicton or clay.  The till is gritty clayey silt till to somewhat stony, 
slightly sandy and clayey silt till ranging from 0 to 46% sand, 40 to 75% silt and 6 to 38% clay with an 
average composition of 24% sand, 57% silt and 19% clay (Figure 70; see Table 6).  The till is quite 
carbonate rich ranging from 23 to 62% with an average of 43% total carbonate.  The stratified sediments 
are typically thinly bedded to laminated silt and clay with rare fine-textured sand to silt (see Photo 32).  
The silt and clay is interpreted as deep-water glaciolacustrine sediments and the occasional very fine-
textured sand to silt likely reflects a closer proximity to the sediment source (due to changes in the glacier 
plumbing system, for example) rather than fluctuating lake levels.  The thickness, laterally continuity and 
fine texture of this unit make it an important regional aquitard. 
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Figure 68.  Isopach map of the lower drift local aquifer (STAF) hydrostratigraphic unit and locations of local aquifer picks. 
 

 
 

Photo 31.  Example of the lower drift local aquifer and underlying lower drift middle aquitard from BH-3-AKB-2004.  The 
pictured interval extends from 77.5 m to 83.5 m below surface. 
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The lower drift lower aquifer (LAF) hydrostratigraphic unit (stratigraphic sequence number 19) is 
modelled across most of the thick drift portion of the study area.  The aquifer is not found in the deeper 
channels of the tunnel-valley network (it would have been quickly eroded during the subglacial meltwater 
flood) and is modelled as discontinuous to sporadic under the Oro Moraine more because of a lack of data 
than because the unit is absent (Figure 71).  The lower aquifer unit ranges from less than 1 m to 45 m in 
thickness, but is typically less than 25 m in thickness.  South of the Oro Moraine, there is a roughly east-
trending ridge of sediment with small local highs evident both as a thicker sediment on the isopach map 
and as a series of discontinuous highs on the structural contour map (see Plate 5).  South of the ridge, 
there are additional local highs.  The lower aquifer was intersected by definitive borings in the southern 
and central portion of the study area and identified in both water-well and monitoring well records.  The 
unit is best represented in definitive borings BH-02-SRS-2004, BH-03-AKB-2004 and BH-13-2004.  
Beds of medium- to very fine-textured sand and rhythmically bedded sand and silt typical of a distal 
subaqueous fan depositional environment dominate the cores (Photo 33).  At present, approximately 
10.5% of overburden wells with recorded screens depths are screened in this unit (see Table 5).  The 
aquifer is modelled at a similar volume to the upper aquifer (AF1) and regional aquifer (AF4) units and 
represents a significant opportunity for future groundwater investigations.  It should be kept in mind, 
however, that the thickness and lateral extent of the aquifer ranges from moderately constrained, given the 
depths involved, to poorly constrained. 

 

 
 

Figure 69.  Isopach map of the lower drift middle aquitard (LD) hydrostratigraphic unit and locations of middle aquitard picks. 
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Photo 32.  Examples of the lower drift middle aquitard from BH-37-AKB-2006:  A) till over thinly bedded to laminated silt and 
clay; B) gritty clayey silt till; and C) laminated silt and clay.  The numbers indicate the depth below surface in metres. 

 

 
 

Figure 70.  Grain size curves for the lower drift middle aquitard (LD) till. 
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Figure 71.  Isopach map of the lower drift lower aquifer (LAF) hydrostratigraphic unit and locations of lower aquifer picks. 
 
 

 
 

Photo 33.  Example of the lower drift lower aquifer. 
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The lower drift lower aquitard (LD2) hydrostratigraphic unit (stratigraphic sequence number 20) is 
modelled as a fairly continuous surface extending across the thick drift portion of the study area either 
overlying the basal aquifer or forming the lowest overburden unit (Figure 72).  This unit was identified in 
several definitive borings and occasional water-well and monitoring well records, but overall remains a 
very poorly constrained unit.  The lower aquitard is modelled as ranging from less than 1 m to over 55 m 
in thickness, but is typically less than 35 m thick.  The unit is composed of slightly to somewhat stony 
sandy silt to silty sand till ranging from 35 to 76% sand, 22 to 52% silt and 1 to 14% clay with an average 
composition of 57% sand, 37% silt and 6% clay (Photo 34; Figure 73; see Table 6).  The till is fairly 
carbonate rich ranging from 25 to 51% with an average of 35% total carbonate.  In places, the lower 
aquitard till is interbedded with fine-texture (dominantly silty) glaciolacustrine sediments. 

There are no radiocarbon dates, relative age estimates or reliable stratigraphic correlations for the 
lower drift package.  An estimate can be made that places the lower drift package in the Ontario 
Subepisode to Illinois Episode.  The Guildwood and Greenwood phases of the Ontario Subepisode and 
the Illinois Episode were periods when ice advanced into central and southern Ontario (see Figure 6).  
The Toronto-area Sunnybrook Drift glacial and interglacial sediments, deposited during the Guildwood 
Phase, record ice advance into the Lake Ontario basin.  After a period of retreat (Willowdale Phase), the 
Greenwood Phase saw ice re-advance at least far enough south to block the St. Lawrence Valley and 
Scarborough Formation deltaic sand and fine-textured sediments were deposited in the Toronto area.  
During the Illinois Episode, ice advancing into southern Ontario deposited the York Till.  Each of these 
formations may be expected to have northern counterparts and the most likely candidates are the tills and  

 

 
 

Figure 72.  Isopach map of the lower drift lower aquitard (LD2) hydrostratigraphic unit and locations of lower aquitard picks. 
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Photo 34.  Examples of the lower aquitard till:  A) overview photograph; B) sandy silt facies; C) and D) silty sand facies.  Add 
100 to the marker numbers indicated to obtain the depth below surface in metres. 

 

 
 

Figure 73.  Grain size curves for the lower drift lower aquitard (LD2) till. 
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associated stratified deposits of the lower drift package.  A core obtained from the tunnel valley west of 
Barrie intersected sandy silt to silty sand till overlying bedrock 93 m below ground surface (Conservation 
Authorities Moraine Coalition–York Peel Durham Toronto (CAMC–YPDT) 2005).  This till, identified as 
York Till [?], correlates with the lower drift lower aquitard hydrostratigraphic unit supporting the 
chronology of events.  Deep weathering profiles commonly associated with long periods of ice retreat, 
such as during the Willowdale Phase and Sangamon Episode, were not observed within the study area, 
but this could simply reflect a combination of erosion and recovery problems when drilling. 

BASAL AQUIFER (BGRAVEL) 

The basal aquifer hydrostratigraphic unit (BGravel) is the oldest overburden unit and is modelled as a 
series of small isolated patches at the overburden–Paleozoic bedrock contact across most of the thick drift 
portion of the study area (Figure 74).  There are very few borings that penetrate to these depths and, as a 
result, the unit is modelled from a limited number of low- and occasionally medium-quality data points.  
For the most part, the off-trace, high and definitive picks shown on the picks map are used to limit the 
lateral extent of the surface.  Where modelled, the basal aquifer ranges from less than 1 m up to a 
maximum of 22 m in thickness, but is typically less than 15 m thick.  Definitive borings BH-24-AKB-
2005 and BH-25-AKB-2005 intersected thin gravel and cobble units above bedrock and the materials  

 

 
 

Figure 74.  Isopach map of basal aquifer (BGravel) hydrostratigraphic unit and locations of basal gravel picks. 
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noted in water-well records also support a sandy and gravelly composition (Photo 35).  Observations from 
other study areas support an interpretation of a combination of residual overburden lag deposits and 
highly weathered bedrock. 

At present, approximately 1% of overburden wells with recorded screens depths are screened in the 
basal aquifer (see Table 5).  The paucity of borings reaching bedrock means that it is not possible to 
assess the volume of this aquifer with degree of accuracy.  Despite the limitations of the model, the 
overburden–bedrock contact probably should be investigated further because, in other regions, it has 
formed an important water source. 

BEDROCK (PALEOZOIC BEDROCK, PRECAMBRIAN BEDROCK) 

Two bedrock surfaces, identified as Paleozoic Bedrock (Ordovician rocks) and Precambrian Bedrock 
(Proterozoic rocks) have been modelled.  Although this study is focussed on the overlying Quaternary 
sediments, it was necessary to model both bedrock surfaces as they both crop out and subcrop within the 
study area.  It was not possible to model the Precambrian surface just in the north as the modelling 
process requires that the lowest (oldest) surface is continuous throughout the study area.  The hydraulic 
conductivity and permeability of limestone and dolostone bedrock ranges from 10–6 to 10–8 m/s (10–3 to 
10–5 m/s in karst) compared to only 10–10 to 10–12 m/s in unfractured metamorphic and igneous bedrock; 
therefore, the 2 could not be lumped into one hydrostratigraphic unit (Freeze and Cherry 1979). 

With the exception of the thin drift areas in the northern and northeastern portion of the study area, 
very few boreholes and water wells intersect bedrock and even fewer borings penetrate through the 
Paleozoic rocks to the Precambrian bedrock surface (Figures 75 and 76, respectively).  This means that 
slightly different approaches were taken to model the 2 bedrock surfaces.  In the thick drift central, 
western and southern portions of the study area, the upper bedrock surface elevation was extracted from 
the recently released provincial-scale bedrock topographic surface on a 1 km grid (Gao et al. 2007).  The 
provincial bedrock topographic surface does not differentiate between rock formations, so it was necessary 
to make assumptions on the most likely rock type.  Paleozoic rocks extend across most of the study area, so 
this was used as the default value, but could easily be changed using the modelling software.  The provincial 
bedrock topographic surface was not used in zones where borings penetrated the drift cover resulting in an 
interrupted grid pattern to the off-trace picks as shown in Figure 75.  The Precambrian bedrock surface 
remains very poorly constrained other than in the far northern portion of the study area (see Figure 76).  The 
approximate Paleozoic–Precambrian contact elevation was extrapolated from bedrock outcrops in the north 
and a few deep borings tens of kilometres south and west of the study area. 

 

 
 

Photo 35.  Examples of cobbles and gravel from the basal aquifer.  The top of bedrock is indicated by the orange tee.  The scale 
is in inches. 
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Figure 75.  Structural contour map of Paleozoic bedrock surface and location map of Paleozoic bedrock picks. 
 

 
 

Figure 76.  Structural contour map of Precambrian bedrock surface and location map of Precambrian bedrock picks. 
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Table 7.  Correlation of commonly used 4 aquifer / 4 aquitard model units (from Beckers and Frind 2000, 2001) with 
hydrostratigraphic units used in the current study. 

Beckers and Frind  
4 Aquifer Scheme 

Current Study 
Hydrostratigraphic Unit Stratigraphic Sequence Number 

T1 Newmarket aquitard (NT) 10 
A1 Upper aquifer (AF1) 11 
T2 Regional aquitard (AT3) 14 

A2 Algonquin aquifer (GLAF) 
Regional aquifer (AF4) 

2 
15 

T3 
Algonquin aquitard (GLAT) 
Lower drift:  upper aquitard (OST) 
Lower drift:  middle aquitard (LD) 

3 
16 
18 

A3 Valley fill:  lower aquifer (CAF3)? 
Lower drift:  lower aquifer (LAF) 

6? 
19 

T4 Lower drift:  lower aquitard (LD2) 20 
A4 Basal gravel (BGravel) 21 

Bedrock Paleozoic bedrock 22 

Paleozoic bedrock elevations range from 250 m asl in the northeast of the study area and gently dip 
down to 100 m asl in the southwest (see Figure 75).  A series of broad, shallow re-entrant bedrock valleys 
occur along the Black River escarpment and are clearly visible through the thin drift cover in the far 
northern part of the study area.  Paleozoic rocks crop out and subcrop on the interfluves of the valleys, 
whereas Grenville Province Proterozoic rocks subcrop and rarely crop out in the valleys.  Well-defined 
re-entrant bedrock valleys that are aligned with regional bedrock joint orientations occur along the Black 
River escarpment to the east of Lake Simcoe, as well as further west at the Niagara Escarpment and along 
the Bruce Peninsula.  It is likely that the study area valleys are also aligned along the regional bedrock 
joint orientations.  The upper bedrock surface is not well enough constrained in the thick drift areas to the 
south to reliably determine how far the bedrock valleys extend or if there are bedrock valleys in other 
parts of the study area. 

CORRELATION WITH OTHER MODELS 

There are few published studies that describe the stratigraphy (or hydrostratigraphy) of the Barrie–Oro 
Moraine study area and surrounding areas.  In a study aimed at simulating groundwater flow and runoff 
from the Oro Moraine to the Minesing Swamp area, Beckers and Frind (2000, 2001) used a conceptual 
model consisting of 4 aquitards and 4 aquifers overlying bedrock.  Where possible, this model has been 
correlated with the hydrostratigraphic units used in current study (Table 7).  Aquitard T1 corresponds 
with the Newmarket aquitard (NT) and aquifer A1 corresponds with the upper aquifer (AF1) of the 
current study.  Aquitard T2 is likely equivalent to the regional aquitard (AT3), but aquifer A2 
incorporates both the older regional aquifer (AF4) in the Simcoe Uplands and the Algonquin aquifer 
(GLAF) shoreline and nearshore sediments in the Simcoe Lowlands.  Aquitard T3 likely corresponds with 
the Algonquin aquitard (GLAT) and the lower drift upper and middle aquitard units (OST and LD, 
respectively) and aquifer A3 likely corresponds with the valley-fill lower aquifer (CAF3) and the lower 
drift lower aquifer (LAF).  It should be noted that the valley-fill upper aquifer, upper aquitard, middle 
aquifer and lower aquitard hydrostratigraphic units do not appear to have equivalent units in the Beckers 
and Frind model.  Aquitard T4 is best correlated with the lower drift lower aquitard (LD2) and aquifer A4 
with the basal gravel unit (BGravel). 
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Table 8.  Correlation of the groundwater modelling units from the Conservation Authorities Moraine Coalition (CAMC)—York–
Peel–Durham–Toronto (YPDT) study of the Oak Ridges Moraine area (Kassenaar and Wexler 2006: “CAMC–YPDT 2006”) and 
the CAMC–YPDT Essa Road log (CAMC–YPDT 2005: “CAMC 2005”) till with hydrostratigraphic units used in the current 
study. 

CAMC–YPDT 2006  CAMC 2005 Current Study  

Glaciolacustrine deposits:  aquifer or aquitard  Algonquin aquifer (GLAF) 
Algonquin aquitard (GLAT) 

Halton / Kettleby aquitard  — 
Oak Ridges aquifer complex  Oro Moraine aquifer (ICSD) 
Newmarket aquitard  Newmarket aquitard (NT) 

Thorncliffe aquifer complex  Upper aquifer complex (AF1, AF2) 
Regional aquifer (AF4)? 

Sunnybrook aquitard  Lower drift:  upper / middle aquitard (OST, LD)? 
Scarborough aquifer complex  Lower drift:  lower aquifer (LAF)? 
 York Till Lower drift:  lower aquitard (LD2) 
Bedrock Bedrock Paleozoic bedrock 

An attempt has also been made to correlate the hydrostratigraphic units used in this model with the 
units described in the CAMC–YPDT Oak Ridges Moraine area groundwater model (Kassenaar and 
Wexler 2006: referred to as “CAMC–YPDT 2006”) and the CAMC–YPDT Essa Road log (CAMC–
YPDT 2005: referred to as “CAMC 2005”) (Table 8).  The glaciolacustrine, Oak Ridges / Oro moraine 
and Newmarket units correlate fairly well between the 2 study areas.  Below the Newmarket aquitard, the 
correlation becomes more difficult.  The Thorncliffe aquifer complex likely corresponds with the upper 
aquifer complex or possibly with the regional aquifer.  The Sunnybrook aquitard may correlate with the 
lower drift package upper and/or middle aquitards and the Scarborough aquifer complex with the lower 
drift lower aquifer.  The York Till was not modelled in the Oak Ridges groundwater model, but instead 
combined with the Scarborough aquifer complex.  This till is identified in the Essa Road log, however, 
and has been correlated with the lower drift lower aquitard of this study. 

Aquifer Vulnerability and Recharge Areas 
Infiltration of water into the groundwater system may occur where there are permeable units at surface.  
Figure 77 depicts the thickness of surficial permeable sediments within the Barrie–Oro Moraine area.  
As modelled, the primary contributing hydrostratigraphic units are the Oro Moraine aquifer and the 
Algonquin aquifer.  There is little information on the depth to water table in the Oro Moraine aquifer 
(ICSD); however, the general impression during the 2004, 2005 and 2006 OGS drilling programs is that it 
is deep.  Two definitive borings, BH-06-AKB-2004 and BH-16-SRS-2006, ceased in dry sand at 68.58 m 
and 71.63 m below surface (thin damp intervals were recorded during drilling).  Just as significantly, most 
of the water wells drilled on the moraine are exploiting the upper aquifer complex. 

Once the water has entered the subsurface, figuring out the flow path is very difficult.  Depending on 
the location within the study area, the first significant aquitard unit will most likely be the Newmarket 
aquitard (Simcoe Uplands) or the Algonquin aquitard (tunnel-valley network).  While these aquitard units 
do extend over much of the study area, they are at different elevations and so do not form a uniform 
protective blanket for the underlying aquifers.  As shown on the prepared cross sections, the top of the 
Algonquin aquitard is typically at a much lower elevation that the bottom of the Newmarket aquitard (see 
Plates 1, 2, 3 and 4).  The lack of continuity between upland and valley aquitards continues as you penetrate 
further into the subsurface resulting in a complex relationship of interconnections between valley and 
upland aquifers as shown in Figure 50.  The specific aquifers that are connected changes along the length of 
the valley network in response to changes in the thickness and elevation of the aquifer and aquitard units.   
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Figure 77.  Isopach map of permeable sediments at surface.  These areas are potential overburden aquifer recharge zones. 
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For example, in Figure 50, the various points of connection between the Algonquin aquifer, valley-fill upper 
aquifer, upper aquifer complex, regional aquifer and lower drift local aquifer are highlighted.  In a cross 
section only 5 km north, this picture changes and the Algonquin aquifer, valley-fill upper aquifer, valley-fill 
middle aquifer, regional aquifer and lower drift lower aquifer are connected.  Further north again, only the 
Algonquin aquifer, valley-fill upper aquifer and lower drift lower aquifer are connected. 

The complex relationship of valley and upland aquifer connections has important implications. 

• Working out a comprehensive and reliable picture of the regional groundwater flow in the various 
aquifer units will be a very difficult undertaking, particularly for larger areas of study. 

• The thickness and lateral extent of valley aquifer and aquitard units is a key factor in modelling 
groundwater recharge and vulnerability even far beyond the confines of the valley system. 

Conclusions 
As pressures directed at protecting and preserving the quality and sustainability of the provincial 
groundwater resource increase, three-dimensional geologic studies, such as the one highlighted in this 
report, will become an increasingly important tool in land-use and resource sustainability planning 
initiatives.  A good knowledge of the distribution and character of aquifers and aquitards in the subsurface 
is essential as source water protection plans are developed and implemented for the province. 

Most of the protocols for 3-D mapping developed for the Regional Municipality of Waterloo project 
have been applied to the Barrie–Oro Moraine project.  Modifications include improved integration of 
variable quality data and a new system developed to model large-scale valley systems.  The OGS has 
opted for an approach to 3-D mapping that blends expert knowledge-based interpretations guided by a 
conceptual geological model with the powerful capabilities of a true 3-D modelling software package 
capable of performing complex tasks quickly and repeatedly.  As source data sets are generally of 
disparate quality, it was essential that interpretations be evaluated using spatial geostatistics to establish a 
degree of confidence regarding the outcome of the interpolations. 

Datamine Studio®, a 3-D mapping software developed primarily for the mining sector, was utilized 
in this study and proved to be a powerful tool for the modelling process.  It allowed for the interpretation, 
in true 3-D space, of the borehole information and the digitization of pick points that represent the tops of 
formations along boreholes as well as along georeferenced raster images.  These points were spatially 
assessed in terms of their regional significance then filtered to produce a series of surfaces representing 
the tops of 23 hydrostratigraphic units.  Post-processing of these surfaces to correct crossovers was 
undertaken using Boolean operators.  A series of comma-delimited text files representing the tops of each 
stratigraphic unit on a 100 m grid were exported from the software.  These files are easily imported into 
other applications for hydrogeological modelling, plotting or further assessment. 

It is clear that geologic maps and products must be tailored to both technical and nontechnical users 
for input to source water protection plans.  Derivative or value-added products such as aquifer 
vulnerability maps require a good knowledge of the distribution and character of the overburden 
materials.  Much of this information is easily extracted from the geologic model created as part of this 
project.  The OGS has also developing web-based applications that allow users to quickly load the block 
model in a Microsoft® Access® database format and slice it along user-specified lines drawn in Microsoft® 
Windows® Virtual Earth® to create cross sections.  These cross sections can be saved in a .kml format and 
imported into Google Earth™ mapping service allowing for the creation of fence diagrams that can be 
interactively viewed from varying aspects and directions.  Interactive viewing of transparent structural 
contour and isopach overlays in Google Earth™ also permits improved communication to a wider audience. 
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Data Sets and Products:  Explanatory Notes 
A number of derivative products were generated following the creation of the block model for the Barrie–
Oro Moraine project area.  A series of west-east and north-south cross sections spaced at 2 km intervals 
were created using both hydrostratigraphic and aquifer–aquitard legends (see Plates 1, 2, 3 and 4).  These 
can be used as a quick reference guide for subsurface stratigraphy.  Structural contour maps depicting the 
surface topography and isopach maps depicting the thickness of each hydrostratigraphic unit as well as 
maps of the picks used to generate the surface have been created (see Plates 5, 6 and 7).  The structural 
contour and isopach maps are also viewable using Google Earth™ mapping service as transparent 
overlays in 3-D space.  This allows for interactive viewing by the user. 

The digital data release contains information regarding the 3-D distribution and character of surficial 
materials that form groundwater aquifers and aquitards within the Barrie–Oro Moraine area of southern 
Ontario.  The data sets are organized into a series of folders, each folder containing information of 
varying type and format.  A movie file (Waterloo.avi) from the Waterloo Region project (Bajc and 
Shirota 2007) showing the use of the Google Earth™ mapping service (.kmz) is also included.  The 8 
folders are listed as follows and are described below: 

• Analytical Data – laboratory grain size and carbonate analysis results 
• ArcInfo_Grids – ESRI® ArcInfo® grids of modelled surfaces 
• CSV Files – comma-delimited (.csv) files of modelled surfaces 
• Google Earth – Google Earth™ mapping service (.kml, .kmz) and portable network graphics (.png) 

files depicting borehole location and stratigraphic information as well as 
isopach and structural contour maps of modelled units 

• Graphic Borehole Logs– revised graphic logs 
• Plates – high-resolution plates depicting cross-sections and structural contour and isopach maps 
• Report – the digital version of this report 
• Subsurface Data – data set used to construct the 3-D block model including location, formation and 

picks tables 

ANALYTICAL DATA 

This folder contains the results of laboratory chittick and grain size analyses. 

Chittick Data 

Chittick analysis was done on 342 diamicton and fine-textured glaciolacustrine samples taken from cores 
drilled in 2004, 2005 and 2006.  The results of these analyses were released previously in Miscellaneous 
Release—Data (MRD) 198 (Burt and Russell 2006) and MRD 227 (Burt 2007a), but have also been 
included in this release.  The first few columns (highlighted grey) identify the borehole and sample 
number and the sample depth.  The next columns present the total percent of carbonate (highlighted in 
yellow) and a breakdown of the percent of calcite and dolomite (highlighted in blue).  The final column of 
data is the ratio of calcite to dolomite (highlighted in green).  This information can be used to further 
characterize the study area tills. 
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Grain Size Data 

Grain size analysis was done on 1578 samples taken from cores drilled in 2004, 2005 and 2006.  The 
results of these analyses were released previously in MRD 198 (Burt and Russell 2006) and MRD 227 
(Burt 2007a).  It was later determined that the clay content of the samples was underreported.  
Improvements have been made to the laboratory sample preparation and analytical procedures and 863 
samples have been re-analyzed.  Samples were selected for re-analysis where field descriptions indicated 
a clay and/or silt component.  In the case of sand and gravel, the original results have been retained as 
testing indicated little or no change.  The new grain size analytical results have been integrated with the 
retained original results and are presented in a single file on this release.  The data are presented in a 
series of 3 Microsoft® Excel® worksheets listed and explained below. 

COMPLETE DATA SET (“DATA”) 

The complete data set reports the results of 1899 retained original and new grain size analyses, including 
quality-control duplicate samples and standards, integrated into a single data file.  Duplicate samples are 
noted by the letter D in the sample number.  One standard (sample number PSA B-#1) was used 
throughout.  The first few columns (highlighted grey) identify the borehole and sample number, the 
sample depth and whether the analysis is part of original set of results (coded “original”) or part of the re-
analysis (coded “redo”).  The sample identification information is followed by 2 sets of percent sand, silt 
and clay data.  The first set is a summary (highlighted in yellow) and the second set (highlighted in blue) 
breaks the sand and silt down into very coarse-, coarse-, medium-, fine- and very fine-textured fractions.  
The next set of columns (highlighted in pink) report the particle size in micrometres (μm) at various 
percentiles.  The reporting increments, as noted below, are slightly different for the original and new data.  
Next are some statistical data obtained directly from the particle size analyzer (highlighted in green).  
There are 3 mean particle diameter values, each calculated slightly differently, reported for each sample.  
What is important is that the mean volume diameter is weighted toward coarser textured particles 
resulting in a larger number, the mean number diameter is weighted toward finer textured particles 
resulting in a smaller number and the mean area diameter is somewhere in between.  The standard 
deviation simply gives the width of the measured particle size distribution.  The final 2 sets of columns, 
percent in channel and percent passing, report the raw data from the particle size analyzer.  The column 
headings give the particle size in micrometres (μm).  Once again, the original and new data sets had 
slightly different reporting increments.  This information should be used to more fully characterize the 
nature of the modelled aquifers and aquitards. 

QUALITY CONTROL DATA (“QC”) 

This data set includes results for laboratory duplicate pairs from both the original and new data sets as 
well as the results for the laboratory standard.  This information should be used to evaluate the 
reproducibility of results. 

REPORTING INCREMENTS (“INCREMENTS”) 

Slight changes have been made in the particle size analyzer reporting increments since the first set of 
samples were run.  These changes are very small and so the decision was made to simply round off the 
reporting increments and present all the data in a single column.  For example, data from the reporting 
interval of 2816 μm (2.816 mm) has been combined with data from the reporting interval of 2830 μm 
(2.830 mm) and presented under the heading of 2830 μm.  The original and new reporting increments are 
presented in this table.  Also included are lists of the original and new percentile reporting increments.  
In this case, the increment changes were much greater and so the data could not be combined. 



 

106 

ArcInfo_GRIDS 

This folder contains 100 m ESRI® ArcInfo® structural contour grids for the 22 hydrostratigraphic units 
(a grid has not been prepared for the modern lakes).  The grids are presented as discontinuous units (i.e., 
data exist only where the units have been modelled to occur). 

CSV FILES 

This folder consists of 2 comma-delimited (.csv) files that contain information describing the elevation of 
the upper surface of the 23 hydrostratigraphic units on a 100 m grid.  The “Discontinuous Surfaces” file 
can be used to produce surfaces that are a true representation of the distribution of the 23 
hydrostratigraphic units modelled (i.e., elevation information occurs only where the units are present).  
The “Continuous Surfaces” file presents the 23 units as continuous surfaces across the entire region (i.e., 
where a particular unit is not present, it is assigned the elevation of the next older unit).  These data are 
most useful for hydrogeologic modelling where continuous surfaces are required. 

The centre point of each cell in the 100 m grid is identified in the columns XPT and XC (UTM 
easting, metres) and YPT and YC (UTM northing, metres) in the files “Continuous Surfaces” and 
“Discontinuous Surfaces”, respectively.  The elevation of the upper surface of each unit in metres above 
sea level (m asl) is given in the column ZPT and ZTOP, the stratigraphic sequence number of each unit 
(1 is youngest and 23 is oldest) is identified in column SEQNUM and the coded name of each unit in 
column STRATUM.  The final column, THICK, contains the thickness of each unit.  Note that the 
thickness of the Precambrian bedrock unit is NOT the true thickness of the basement rock, but rather the 
thickness above the base of the model. 

Google Earth 

Google Earth™ mapping service (“Google Earth™”) is a free geographic viewing tool from Google Inc. 
(download from http://earth.google.com/).  Google Earth™ offers very useful features for viewing and 
publishing geoscience data.  Most of these features are exposed through an extensible markup language 
called keyhole markup language (.kml) or its compressed format (keyhole markup language–zipped 
(.kmz).  This folder contains a Google Earth™ file (Barrie.kml) depicting the borehole locations used for 
the creation of the block model as well as the isopach and structural contour images for 22 
hydrostratigraphic units (a surface has not been prepared for the modern lakes).  By left clicking on a 
point representing a borehole location, a written log of the borehole including its source and type appears.  
The isopach and structural contour maps are represented as overlays with adjustable transparency 
allowing one to determine the spatial relationship of the various modelled units to other layers of 
information, such as bedrock and surficial geology. 

http://earth.google.com/
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GRAPHIC BOREHOLE LOGS 

This folder contains new borehole logs for the 32 continuously cored holes drilled in 2004, 2005 and 
2006 (e.g., see Figure 12).  Each log contains the following information, presented in a graphic (.jpg) 
format: 

• Depth  depth below ground surface in metres 
• Detail Lithologic Log  the width and colour of each segment corresponds to the primary 

material type 
• Hydrostratigraphic Unit (text)  this column identifies the hydrostratigraphic unit each portion of the 

detailed log belongs to 
• Unit Class  the intervals in this column are the same as the hydrostratigraphic unit 

column, but have been coloured according to their 
aquifer/potential aquifer – aquitard class.  This can be considered a 
very basic prediction of the sediments anticipated for each 
hydrostratigraphic unit; aquifers/potential aquifers are dominantly 
sand and gravel, aquitards are dominantly till, clay and silt 

• Grain Size  the length of each coloured bar represents the percent of clay, silt and 
sand for each sample analyzed including both original and new 
data sets 

• Total Carbonate  the length of the bar represents the total percent of carbonate in each 
sample 

• Ca/Do Ratio  the length of the bar represents the ratio between calcium carbonate 
(limestone) and magnesium carbonate (dolomite) 

• Recovery  the length of each bar provides an estimate of the amount of material 
recovered in each core drilled as part of the 2005 and 2006 drilling 
programs 

PLATES 

This folder contains 9 high-resolution digital (.pdf) versions of Plates 1 to 7.  Plates 1 to 4 depict 25 west-
east and 17 north-south cross sections spaced at 2.0 km intervals and coloured using the 
hydrostratigraphic and aquifer/potential aquifer – aquitard legends (see also Plates 1 to 4 at the end of this 
report).  The west-east cross sections have been split onto 2 sheets to make them easier to handle.  Each 
plate includes a map of surficial sediments (coloured using the hydrostratigraphic legend) overlain with a 
grid that is to be used to identify the location of individual cross sections.  The vertical lines are labelled 
1 to 17 and correspond with the north-south cross-section numbers located along the left side of Plates 2 
and 4.  Select numbers are also shown across the top of the west-east cross sections where they provide an 
indication of distance along the cross section.  The horizontal lines are labelled A to Y and correspond 
with the west-east cross-section letters located along the left side of Plates 1 and 3.  Selected letters are 
shown across the top of the north-south cross sections.  Plates 5 to 7 depict compilations of structural 
contour maps, isopach maps and maps of the picks used to generate each hydrostratigraphic unit (see also 
Plates 5 to 7 at the end of this report).  The structural contour and picks map plates have a map for each of 
the 23 hydrostratigraphic units displayed in order from youngest to oldest.  The isopach plate does not 
contain maps for the Paleozoic and Precambrian units as thickness information is not meaningful for these 
units. These plates are also included at the end of the report. 
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REPORT 

This folder contains a geological report (.pdf file; this document) that describes the geology of the Barrie–
Oro Moraine study area, the protocols established for three-dimensional modelling of the aquifers and 
aquitards and a brief description and interpretation of the main hydrostratigraphic units mapped within the 
area.  Applications of the model are highlighted using examples that illustrate aquifer recharge areas and 
areas where aquifers are more vulnerable to sources of surface contamination.  The report is best viewed 
using Adobe® Acrobat® Reader® version 7.0 or higher. 

SUBSURFACE DATA1 

This folder contains the Barrie–Oro Moraine area subsurface database (Records.mdb) in a Microsoft® 
Access® 2000 format. The following tables are present in the database. 

Formation Table 

The Formation Table contains 31 646 records and is an abridged version of the full modelling formation 
table.  It includes the following fields: 
• BHID  an internal 8-character MNDMF identification code used to link the tables 

in the subsurface database 
• From (m)  the top of the formation in metres below ground surface 
• To (m)  the bottom of the formation in metres below ground surface 
• Layer  the formation number where 1 denotes the top (youngest) formation and n 

denotes the bottom (oldest) formation 
• Lithology (translated) this field contains the translated material type according to the 16 material 

classification scheme used for this project 
• Original materials  where populated, this field contains sediment descriptors retained from the 

original data source 
• Colour  where populated, the colour of the material from the original source 

Location Table 

The Location table contains 7155 records and is an abridged version of the full modelling formation table.  
It includes the following fields: 
• BHID  an internal 8-character MNDMF identification code used to link the tables in the 

subsurface database 
• X (NAD 83)  the UTM easting co-ordinate in NAD83, Zone 17 
• Y (NAD 83)  the UTM northing co-ordinate in NAD8, Zone 17 
• Z (masl)  the ground surface elevation in metres asl obtained from the MNR DEM 
• Type of boring  designates the method of excavation or type of record (e.g., water well, cut, probe) 

 
1The Ministry of the Environment (MOE) Water Well information contained in the subsurface database is offered to the User on an 
“as-is basis” and the MOE makes no guarantees, representations or warranties respecting the Well Information, either express or 
implied, arising by law or otherwise, including but not limited to effectiveness, completeness, accuracy or fitness for any purpose.  
The User hereby acknowledges that the Ministry of the Environment has advised the User that the Well Information may be 
incomplete or inaccurate. 
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• Source  where the record came from (e.g., MOE1, MTO, CA, Consultant, OGS 
geoscientist) 

• Source id  the original id number 
• Quality  an estimation of the reliability of the source data (high, medium or low) 
• Quality 2  as above, but with the continuously cored holes (definitive) separated out from 

other high-quality data 

Picks Table 

The Picks Table contains 28 272 records.  This table presents a single snapshot view of the 3-D points 
used to generate each modelled surface from July 2009.  The Picks Table is updated each time the model 
is changed to reflect the addition of new data or because of advances in the understanding of the 
subsurface stratigraphy.  Some of the information is pulled from the Location Table (e.g., Quality, Type 
and Source).  The Picks Table includes the following fields: 
• X (NAD83)  the UTM easting co-ordinate in NAD83, Zone 17 
• Y (NAD83)  the UTM northing co-ordinate in NAD83, Zone 17 
• Z (masl)  the ground surface elevation in metres asl obtained from the provincial DEM 
• Stratum  the code name of the hydrostratigraphic unit the pick corresponds to (i.e., 

GLAT, AF1, LD) 
• Sequence Number  the stratigraphic order of hydrostratigraphic unit where 1 is the youngest unit 

and 23 is the oldest unit 
• Class  the simple aquifer/potential aquifer (AQF), aquitard (AQT) or bedrock (BED) 

classification of the hydrostratigraphic unit the pick corresponds to 
• BHID  an internal 8-character MNDMF identification code used to link the tables in 

the subsurface database.  Obtained from the Location Table. 
• Quality  an estimation of the reliability of the source data (high, medium or low).  This 

information is used to weight the picks so that the modelled surfaces better 
reflect the highest quality data.  Obtained from the Location Table. 

• Quality 2  as above, but with the continuously cored holes (“Definitive”) and off-trace 
picks (“Off-trace”) separated out from other high-quality data 

• Type  designates the method of excavation or type of record (e.g., water well, cut, 
probe).  Obtained from the Location Table. 

• Source  where the record came from (e.g., MOE1, MTO, CA, Consultant, OGS 
geoscientist).  Obtained from the Location Table. 
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Plates 1a and 1b.  West-east cross sections of surficial deposits, Barrie–Oro Moraine area, southern 
Ontario:  hydrostratigraphic legend. 

Plate 2.  North-south cross sections of surficial deposits, Barrie–Oro Moraine area, southern Ontario:  
hydrostratigraphic legend. 

Plate 3a and 3b.  West-east cross sections of surficial deposits, Barrie–Oro Moraine area, southern 
Ontario:  aquifer–aquitard legend. 

Plate 4.  North-south cross sections of surficial deposits, Barrie–Oro Moraine area, southern Ontario:  
aquifer–aquitard legend. 

Plate 5.  Structural contour maps of surficial deposits, Barrie–Oro Moraine area, southern Ontario. 

Plate 6.  Isopach maps of surficial deposits, Barrie–Oro Moraine area, southern Ontario. 

Plate 7.  Picks dot maps used for modelling surficial deposits, Barrie–Oro Moraine area,  
southern Ontario. 



PLATE 1: West-East Cross-Sections of Surficial Deposits,
Barrie-Oro Moraine, Ontario: Hydrostratigraphic Legend
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PLATE 2: North-South Cross-Sections of Surficial Deposits,
Barrie-Oro Moraine, Ontario: Hydrostratigraphic Legend
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PLATE 3: West-East Cross-Sections of Surficial Deposits,
Barrie-Oro Moraine, Ontario: Aquifer-Aquitard Legend
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PLATE 5: Structural Contour Maps of Surficial Deposits, Barrie-Oro Moraine, Ontario

Basal Aquifer



PLATE 6: Isopach Maps of Surficial Deposits, Barrie-Oro Moraine, Ontario



PLATE 7: Picks Dot Maps used for Modelling Surficial Deposits, Barrie-Oro Moraine, Ontario
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Metric Conversion Table 

Conversion from SI to Imperial  Conversion from Imperial to Sl 

SI Unit  Multiplied by Gives  Imperial Unit Multiplied by Gives 

LENGTH 
1 mm 0.039 37 inches  1 inch 25.4 mm 
1 cm 0.393 70 inches  1 inch 2.54 cm 
1 m 3.280 84 feet  1 foot 0.304 8 m 
1 m 0.049 709 chains  1 chain 20.116 8 m 
1 km 0.621 371 miles (statute)  1 mile (statute) 1.609 344 km 

AREA 
1 cm2 0.155 0 square inches  1 square inch 6.451 6 cm2 

1 m2 10.763 9 square feet  1 square foot 0.092 903 04 m2 

1 km2 0.386 10 square miles  1 square mile 2.589 988 km2 

1 ha 2.471 054 acres  1 acre 0.404 685 6 ha 

VOLUME 
1 cm3 0.061 023 cubic inches  1 cubic inch 16.387 064 cm3 

1 m3 35.314 7 cubic feet  1 cubic foot 0.028 316 85 m3 

1 m3 1.307 951 cubic yards  1 cubic yard 0.764 554 86 m3 

CAPACITY 
1 L 1.759 755 pints  1 pint 0.568 261 L 
1 L 0.879 877 quarts  1 quart 1.136 522 L 
1 L 0.219 969 gallons  1 gallon 4.546 090 L 

MASS 
1 g 0.035 273 962 ounces (avdp)  1 ounce (avdp) 28.349 523 g 
1 g 0.032 150 747 ounces (troy)  1 ounce (troy) 31.103 476 8 g 
1 kg 2.204 622 6 pounds (avdp)  1 pound (avdp) 0.453 592 37 kg 
1 kg 0.001 102 3 tons (short)  1 ton(short) 907.184 74 kg 
1 t 1.102 311 3 tons (short)  1 ton (short) 0.907 184 74 t 
1 kg 0.000 984 21 tons (long)  1 ton (long) 1016.046 908 8 kg 
1 t 0.984 206 5 tons (long)  1 ton (long) 1.016 046 9 t 

CONCENTRATION 
1 g/t 0.029 166 6 ounce (troy) /  

ton (short) 
 1 ounce (troy) /  

ton (short) 
34.285 714 2 g/t 

1 g/t 0.583 333 33 pennyweights /  
ton (short) 

 1 pennyweight /  
ton (short) 

1.714 285 7 g/t 

OTHER USEFUL CONVERSION FACTORS 

Multiplied by 
1 ounce (troy) per ton (short) 31.103 477 grams per ton (short) 
1 gram per ton (short) 0.032 151 ounces (troy) per ton (short) 
1 ounce (troy) per ton (short) 20.0 pennyweights per ton (short) 
1 pennyweight per ton (short) 0.05 ounces (troy) per ton (short) 
Note: Conversion factors which are in bold type are exact. The conversion factors have been taken from or have been derived from factors 
given in the Metric Practice Guide for the Canadian Mining and Metallurgical Industries, published by the Mining Association of Canada 
in co-operation with the Coal Association of Canada. 
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