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Executive Summary 
This report describes a study designed to improve the understanding and protection of groundwater 
resources within the Orangeville–Fergus area of southern Ontario. It contains comprehensive information 
regarding the three-dimensional (3-D) distribution and character of surficial geological materials that 
form groundwater aquifers and aquitards. The study area occupies an area of 1550 km2 and is situated 
above the Niagara Escarpment between Waterloo Region and the city of Orangeville. This groundwater 
resources study, which is one of a series of 3-D mapping projects undertaken by the Ontario Geological 
Survey, was undertaken between 2008 and 2015.  

Forty-three new boreholes were drilled and these, together with new geophysical surveying, surface 
sampling and analysis of a significant volume of legacy data, were the basis for the creation of a 3-D 
model of the area. The model was generated digitally using applications running within commercially 
available software. The model is underpinned by a conceptual geological framework which subdivides the 
Quaternary sediments into a regional-scale aquifer-aquitard sequence consisting of 16 hydrostratigraphic 
units. The hydrostratigraphic units are identified on the basis of age and the sediment characteristics 
resulting from deposition in different environments. Undifferentiated Paleozoic bedrock forms the basal 
hydrostratigraphic unit across the map area. 

The study has revealed that a series of older tills confine the bedrock aquifer as well as small, 
sporadic, older sediment aquifers in the northwest. The regionally significant Catfish Creek Till aquitard is 
mapped across most of the area, pinching out towards the Niagara Escarpment. The centrally located 
Orangeville Moraine and Rockwood buried-bedrock valley fill aquifers were deposited in an interlobate 
lake as glacial ice thinned and retreated from its maximum position.  Tills deposited during late glacial 
lobate ice advances form the upper aquitard across much of the study area, partially burying the flanks of 
the Orangeville Moraine. Most of the Orangeville Moraine is exposed at surface, where it forms the single 
largest recharge area. Outwash gravels deposited in re-entrant valleys along the Niagara Escarpment and in 
channels incised into the upper aquitard form unconfined aquifers across the area. These deposits are 
vulnerable to contamination from local sources as well as runoff from surrounding uplands. The hummocky 
Paris and Singhampton end moraines consist of diamicton with discontinuous beds of gravel. Large 
numbers of closed depressions enhance recharge potential.  

The main output from this study is a digital data release. Many of the components are derived from 
the 3-D model; it comprises both data and interpretative material. The data may be viewed and used in a 
variety of other software products, in particular geographic information systems, including Google 
Earth™ mapping service and ESRI®, and groundwater flow modelling software. 

This report contains extensive appendices which describe in detail the data sources, the 
methodology, the results of the field work and analyses, the products of the study and how to extract and 
use them.  

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 development of science-based assessment reports and the implementation of watershed-
based source water protection plans for all regions of the province. Source water protection plans are 
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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 is often far 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 the development of these source water protection plans. 

To this end, the Ontario Geological Survey (OGS) is producing robust, regional-scale 3-D maps of 
Quaternary deposits within areas of southern Ontario that rely on groundwater for a significant portion of 
their potable water supply. The initial target area for these projects has been the Greater Golden 
Horseshoe and adjacent areas. A pilot project in the Region 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. 

In 2008 the OGS, in partnership with the Nottawasaga Valley Conservation Authority (NVCA), 
Grand River Conservation Authority (GRCA) and Credit Valley Conservation (CVC), initiated a 3-D 
mapping project in the Orangeville–Fergus area of southwestern Ontario. This area was selected for study 
for several reasons. First, the Orangeville Moraine forms both a regional aquifer recharge area and the 
headwaters for 3 major watersheds (Nottawasaga, Grand River and Credit Valley) and, therefore, impacts 
on the source water protection planning of 3 conservation authorities. These conservation authorities 
require detailed subsurface information for source water protection planning. Second, the Orangeville–
Fergus area encompasses both protected greenbelt and nongreenbelt areas and, as such, is poised to 
receive accelerated population growth, placing increasing pressure on existing groundwater resources. 
Third, the city of Orangeville is targeted under the Places to Grow Act. 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 an improved understanding of the geology in 
the area where their municipal wells are located. Lastly, the project will build on several geological and 
hydrogeological initiatives recently completed or currently underway through Source Water Protection 
including the Ministry of Natural Resources funded Orangeville Tier 3 Water Budget exercise; the 
Regional Headwaters Edge-Matching Study which examined edge-matching, cross-boundary geological 
issues and water budget flux calculations; and numerous conservation authority and township 
groundwater models (e.g. AquaResource Inc. 2011; AquaResource Inc. and Golder Associates Ltd. 2010; 
Blackport Hydrogeology Inc. 2005; Davies and Holysh 2007). 
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Location 
The Orangeville–Fergus map area encompasses approximately 1550 km2 centred on the Late Wisconsin 
interlobate zone and the Orangeville Moraine in southwestern Ontario (Figure 1). It is located above the 
Niagara Escarpment and extends from Waterloo Region to north of the city of Orangeville. The word 
“area” is used throughout this report to describe the district covered by this study and depicted on the 
accompanying maps. Portions of the county of Dufferin (townships of Amaranth and East Garafraxa and 
the towns of Grand Valley, Mono and Orangeville), the county of Wellington (townships of Wellington 
North, Mapleton, Centre Wellington and Guelph–Eramosa and the town of Erin), the Regional 
Municipality of Peel (town of Caledon) and the Regional Municipality of Halton (towns of Halton Hills 
and Milton), represented on 1:50 000 scale National Topographic System (NTS) map sheets 40 P/9 and 
40 P/16, are included within the area. The town of Orangeville, with a population of 27 975 in 2006, is 
the largest urban centre (Statistics Canada 2011) in the area. The communities of Acton, Alton, Belwood, 
Elora, Erin, Fergus, Grand Valley, Hillsburgh and Rockwood, as well as numerous smaller hamlets, are 
also located within the area.  

The Orangeville–Fergus area falls within Ontario’s Mixedwood Plains ecozone and Lake Simcoe–
Rideau ecoregion. Cropland, pasture and abandoned fields are the dominant land cover across the 
ecoregion totalling more than 57%. A further 30% of the land cover is deciduous, coniferous and mixed 
forests and 4% is water (Crins et al. 2009). The climate is classified as part of the humid mid-cool 
temperate ecoclimatic region, with warm summers and mild winters (Strong, Zoltai and Ironside 1989).  

Geological Setting 

BEDROCK GEOLOGY 
The Orangeville–Fergus area is underlain by southwest-dipping bedrock formations of Ordovician and 
Silurian ages (Ontario Geological Survey 1991). The Ordovician is represented by the distinctive red and 
green banded shale of the Queenston Formation located below the Niagara Escarpment (Figure 2;  
Photo 1). This is an important formation for Quaternary stratigraphic work as it is one of the dominant 
sources of red pigment for tills (matrix) and fine-textured stratified sediments (clay and silt). Red and 
green shale clasts are often observed in study area tills that are derived from ice lobes originating east of 
(below) the Niagara Escarpment. Salina Formation red shales, located northwest of the area, are an 
alternative source for the red pigment and shale clasts observed in tills. 

Recent work on the Silurian geology of southwestern Ontario has improved correlations between 
formations observed in the Appalachian Basin southeast of the Algonquin Arch to formations in the 
Michigan Basin to the northwest. This has led to significant changes in the Silurian sequence stratigraphic 
framework (Brunton 2009; Brunton and Brintnell 2011; Brunton et al. 2012). The following section, 
including formation descriptions, is drawn directly from this work. The Queenston Formation is overlain 
by the Silurian Medina Group. In the Orangeville–Fergus area, the Medina Group comprises the 
Manitoulin Formation (interbedded, thinly bedded, blue-grey shale and buff-brown dolostone with 
bryozoans, brachiopods and minor corals; contains cherty intervals) and Cabot Head Formation (grey to 
green and red shale with thin dolostone interbeds). There is a very distinctive phosphatic interval at the 
top of the Cabot Head Formation suggesting a significant time of nondeposition and/or net erosion prior 
to sedimentation of the overlying Clinton Group. The Clinton Group comprises the upper Fossil Hill 
Formation (cherty and well indurated, brachiopod-rich dolostone interbedded with fossiliferous lime 
mudstone to wackestone with wackestone and packstone in the uppermost beds) the Rockway Formation 
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Figure 1. Orangeville–Fergus study area with communities, major roads and municipal boundaries (outlined in green). The inset 
map shows the Orangeville–Fergus study area (green box) in southwestern Ontario.  
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(greenish grey, fine-crystalline dolostone with shaly partings) and Irondequoit Formation (grey to pinkish 
grey and buff where weathered, bioturbated crinoidal grainstone to packstone). In the northern part of the 
Orangeville–Fergus area, thinly bedded, finely crystalline dolostone of the Lions Head Formation is 
present and separates the Irondequoit Formation crinoidal grainstones from the basal Gasport Formation 
of the overlying Lockport Group. Within the Orangeville–Fergus area, the Medina and Clinton Group 
occur along bedrock re-entrant valleys of the Niagara Escarpment (Figure 2). 

The Early Silurian Lockport Group forms the caprock unit of the Niagara Escarpment cuesta and 
underlies the Quaternary sediments throughout the Orangeville region (Figure 2). Four formations, the 
Gasport, Goat Island, Eramosa and Guelph, comprise the Lockport Group. The Gasport Formation 
(massive, porous, fine-grained, interreef crinoidal and thick reef mound dolostone) is at the base of the 
Lockport Group (Photo 1). The Gasport Formation is overlain by the Goat Island Formation (basal 
crinoidal grainstone overlain by chert-rich, medium- to ash-grey, thin- to medium-bedded, bioturbated, 
finely crystalline dolostone), the Eramosa Formation (black to dark grey, bituminous, thinly bedded, 
finely crystalline dolostone with dark grey shaly laminations and light brown to cream, thicker bedded, 
pseudonodular, coarsely crystalline, biostromal dolostone; Photo 1) and, finally, the Guelph Formation 
(grey to cream-coloured, medium-bedded to thickly bedded, crinoidal grainstones and wackestones,  
thinly bedded megalodont–gastropod-dominated wackestones and packstones, and dolostones; Photo 1). 
The Gasport and Goat Island formations were formerly part of the unsubdivided Amabel Formation. They 
outcrop and subcrop in the eastern portion of the Orangeville–Fergus map area (Figure 2). The Guelph 
Formation subcrops across the central and western portions of the study area and crops out in some river 
valleys such as the Elora Gorge. 

QUATERNARY GEOLOGY 

There have been multiple cycles of glacial advance and retreat across Ontario throughout the late 
Pleistocene, resulting in a complex stratigraphic record of glacial and nonglacial deposits (Figures 3 and 4). 
In southwestern Ontario, these deposits may be subdivided into 1) older (pre-Michigan Subepisode) tills 
and nonglacial sediments overlying bedrock; 2) main, Late Wisconsin, Nissouri Phase Catfish Creek Till 
and associated sediments; and 3) a series of late-glacial tills and stratified sediments deposited by 
oscillating lobate ice during its retreat from the Late Wisconsin maximum.  

Pre-Michigan Subepisode  

The oldest deposits in the area are a series of tills and associated stratified sediments deposited by both 
lobate and regional ice flows as well as nonglacial deposits. These sediments do not outcrop within the 
Orangeville–Fergus area, but were observed in numerous boreholes. There are, however, published 
descriptions and interpretations from exposures along lakes Erie and Ontario, river cuts and in pits and 
quarries outside the current project area. The oldest Quaternary deposits described in southwestern 
Ontario are the colluvium, sandy silt and Erie lobe silt loam Till A in the Zorra township quarry located 
northeast of London (Westgate and Dreimanis 1967). Stony silty to sandy diamicton overlying bedrock 
was intersected during drilling in the Waterloo Region and Brantford –Woodstock areas (Bajc and Shirota 
2007; Bajc and Dodge 2011), as well as in the Orangeville–Fergus area. These diamictons are correlated 
with the Zorra township quarry deposits. Precise dating is not yet available; however, an Illinoian age is 
suggested based on the inferred age of overlying sediments.  

These older tills and stratified deposits are overlain by the correlated Lake Erie shore bluff Bradtville 
tills, currently interpreted to be of Illinoian age (Dreimanis 1992), Till B from the Zorra township quarry 
(Westgate and Dreimanis 1967) and typically stone-poor, fine-textured Canning Till and associated 
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Figure 2. Paleozoic bedrock geology of the Orangeville–Fergus area (Armstrong and Dodge 2007) draped over a new bedrock 
topographic hillshade generated from the modelled bedrock surface. The coloured circles indicate the bedrock formations 
intersected during the 2008–2010 drill programs. Note that BH26 was terminated before reaching bedrock. 
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glaciolacustrine sediments (e.g., Karrow 1987) mapped and described from exposures along the Nith and 
Grand rivers as well as boreholes drilled in the Waterloo Region and Brantford–Woodstock 3-D areas. It 
should be noted that the chronology of the Nith River deposits continue to be a subject of debate as the 
silt till, sand and gravel “lower beds” have been reinterpreted as Port Bruce Phase Port Stanley Till (Bajc 
and Dodge 2011). Diamicton interbedded with glaciolacustrine deposits has been attributed to the 
interaction of lobate ice advances fronted by proglacial lakes. The tills are distinctive in that they often 
have a red or purple to mauve matrix and frequently contain red shale clasts, both of which are long-
assumed to be derived from Queenston Formation shales below the escarpment, reflecting an Erie–
Ontario lobe source. However, the identification of red shale beds in the Salina Group raises the 
possibility of a northern source area (Bajc and Dodge 2011). 

 

Photo 1. Examples of Paleozoic bedrock units. Each pictured core is 40 cm long and the top is to the left.  A) Guelph Formation 
vuggy and fractured dolostone, BH24-OF-2009. B)  Guelph Formation, BH17-OF-2009. C) Eramosa Formation bituminous 
dolostone, BH23-OF-2009. D) Eramosa Formation, BH34-OF-2009.   
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Photo 1, continued. Examples of Paleozoic bedrock units. Each pictured core is 40 cm long and the top is to the left. E) Gasport 
Formation fossiliferous dolostone, BH41-OF-2010. F) Queenston Formation red and green shale, BH35-OF-2010.  

The Tyrconnell Formation Member A accretion gley, defined as a locally sourced clay that 
accumulated in shallow depressions under damp or wet conditions (Allen 1962), was deposited during a 
low water phase in Lake Erie, during either the late Sangamon or very early Wisconsinan.  The overlying 
Member B glaciolacustrine massive then varved silt and clay has been assigned to a higher water phase 
during the early Wisconsinan (Driemanis 1992). Palynological evidence from Member A indicates 
deposition under comparatively warm, dry conditions while Member B was deposited in a moist, cool 
forest-tundra environment, a transition consistent with the end of a nonglacial interval (Driemanis 1992). 

Canning Till (and its equivalents), and the younger Tyrconnell Formation Members A and B, have 
not been dated directly, but numerous Elgin Subepisode (Middle Wisconsin age) radiocarbon-dated, 
nonglacial deposits have been found between it and the overlying Catfish Creek Till (Bajc et al. 2009). 
These include units C and D at the Zorra township quarry (Bajc et al. 2015) and the Lake Erie bluff 
Tyrconnell Formation Member C (Dreimanis 1992; Dreimanis, Terasmae and McKenzie 1966; Dreimanis 
and Gibbard 2005). Well-documented paleoenvironmental investigations since the 1950s describe 2 warm 
periods, the Port Talbot and Farmdale phases (see Figure 3). A recent comprehensive study of organic-
rich silt, radiocarbon dated to 50.5 to 42.9 14C years BP (Port Talbot Phase), at the Zorra township quarry 
site has revealed molluscs and ostracode assemblages consistent with a shallow water environment, while 
pollen and macrofossils indicate shoreline herbs, shrubs and trees in a boreal pine/spruce forest with 
cooler temperatures than present (Bajc et al. 2015). These relatively warm phases are separated by a 
cooler interval, the Brimley Phase, during which ice advancing from the north reached as far south as 
Lake Erie, blocking drainage and raising water levels in the great lakes basins (Dreimanis and Gibbard 
2005). Member D of the Lake Erie bluff Tyrconnell Formation was deposited during this high water 
phase. 

Nissouri Phase 

The nonglacial Elgin Subepisode came to an end when ice advanced across Ontario and as far south as 
Ohio during the Late Wisconsin, Michigan Subepisode glacial maximum (see Figure 3). The Nissouri 
Phase is represented by Catfish Creek Drift, an important marker horizon across much of southwestern 
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Figure 3. A) Time-distance diagram showing a conceptualized Late Quaternary history and diachronic time classification for the 
eastern and northern Great Lakes region (modified from Karrow, Dreimanis and Barnett 2000). Ice advances are shown in blue. 
Phase names are in italics. Note the scale change (indicated by a dashed line) at 30 000 14C yr B.P. Abbreviation: OIS, marine 
oxygen isotope stage. B) Time-distance diagram showing till (drift) units in the Orangeville–Fergus area (modified from Bajc and 
Karrow 2004).  
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Ontario, which is composed of Catfish Creek Till and associated stratified drift sediments (Dreimanis and 
Gibbard 2005). Ice flow directions have been established by striated flat-iron boulders, till fabrics, pebble 
lithologies and heavy mineral assemblages. They indicate early and late lobate ice flow out of the Huron–
Georgian Bay and Erie–Ontario basins into proglacial lakes (e.g. Dreimanis 1982; Hicock 1992) and a 
main, regional ice flow towards the south. At the Lake Erie bluff type-section, Catfish Creek Drift is 
subdivided into 9 members. Dreimanis and Gibbard (2005) synthesized previous research efforts and 
presented a complex stratigraphy composed of lower tills deposited by Huron–Georgian Bay lobe ice 
(Dunwich Member) followed by till deposited by confluent Huron–Georgian Bay and Erie lobe ice 
(Zettler Farm Member), and upper tills deposited by Erie lobe ice (Grandview I-IV members). 
Glaciolacustrine, ice-marginal deltaic and meltwater channel stratified sediments separate the members 

 

Figure 4. Interlobate and end moraines in southwestern Ontario (Barnett 1992). The southwestern Ontario late glacial interlobate 
zone extends from the Orangeville Moraine southwest through the Waterloo and Dorchester moraines (orange areas). 



 

11 

and record oscillations along the ice front. The Grandview IV Member is viewed as the main Nissouri 
Phase till. Recent work at the Zorra township quarry has shown that the main regional ice flow was 
followed by a return to lobate ice flow out of the Erie basin (Bajc et al. 2015). Further northeast, 
continuous coring in the Waterloo Region and Brantford–Woodstock areas has shown that tills forming 
Catfish Creek Drift vary considerably depending on whether they were deposited by lobate or regional ice 
flows and are also strongly influenced by textural changes in the underlying sediments (Bajc and Shirota 
2007; Bajc and Dodge 2011). Interbedded glaciolacustrine sediments and stone-poor, fine-textured tills 
overlain by stonier, sandy silt till and, finally, a second sequence of interbedded glaciolacustrine 
sediments and stone-poor, fine-textured tills is evident in many boreholes. These sediments record the 
transition from early lobate ice flow into a proglacial lake to the main, regional ice flow and back again.  

Erie Phase 

By between 15 000 and 16 000 years BP, the ice sheet had thinned and disintegrated (Bajc and Dodge 
2011). An interlobate zone formed, extending from the topographically high Orangeville area southwest 
through Waterloo Region and into the Brantford–Woodstock areas and beyond. Lobate ice flow, 
controlled by the great lake basins, once again dominated the landscape and effectively blocked drainage 
during the initial breakup. Meltwater and sediments flowed into the interlobate zone, forming a complex 
stratigraphic record of interbedded diamicton, fine-textured glaciolacustrine sediments, coarse-textured 
proximal and increasingly fine-textured distal coalescing subaquatic fan sediments, and subglacial and 
englacial conduit deposits that comprise the Dorchester, Waterloo and Orangeville moraines (Bajc et al. 
2015; Bajc and Shirota 2007; Burt 2011). This chronology is a revision of previous studies that indicate 
deposition of the Orangeville Moraine occurred during the subsequent Port Bruce ice advance  
(e.g., Cowan et al. 1978; Gwyn and Cowan 1978). Continuous coring in the Brantford–Woodstock area 
has shown that relatively thick packages of rhythmically bedded sand, silt and clay (12 to 18 m) were 
deposited in what may have been a short-lived lake based on the existence of as few as 25 couplets (Bajc 
and Dodge 2011). Other researchers have cited the lack of paleosol development on Erie Phase beaches as 
evidence for rapid changes in water levels (Dreimanis and Goldthwait 1973).  

Establishing the margins of buried tills and the extent to which ice retreated prior to its final advance 
through an area is an ongoing challenge for subsurface mapping, as many studies are reliant on rare 
exposures of older deposits or a small number of cored boreholes. This is complicated by the fact that an 
absence of glaciolacustrine or fan sediments does not prove continuous glaciation of an area; sediment 
may have been concentrated in topographic lows, draping the underlying Catfish Creek Drift (Bajc et al. 
2015) or later advances may have eroded the stratified deposits (Mörner and Dreimanis 1973). Likewise, 
it can be argued that at least some glaciolacustrine sediments may have been deposited subglacially. It has 
been suggested that the Huron–Georgian Bay lobes retreated northwest to Holstein (north of Mount 
Forest) but the Chesley area (south of Owen Sound) remained glaciated (Cowan 1984; Sharpe and 
Edwards 1979). Littoral deposits overlying Catfish Creek Drift exposed along the Lake Erie bluffs 
provide evidence that Erie–Ontario lobes retreated into the Ontario basin during this phase (Mörner and 
Dreimanis 1973).  

In the Orangeville–Fergus area, the modelled extent of the centrally located diamicton, interpreted as 
Maryhill drift, glaciolacustrine sediments and subaquatic fan sediments of the Orangeville Moraine, 
provide the best evidence for the extent of Late Wisconsin ice margin oscillations. These deposits suggest 
Ontario lobe ice pulled back to a position near the southern border of the area. In borehole BH40-OF-
2010 (Plate 1), the southernmost borehole in the area, there is little to distinguish between the Erie–
Ontario lobe Port Bruce aquitard Port Stanley Till and older Catfish Creek Till, suggesting both that the 
ice did not retreat this far south and that there is a Port Stanley Till – Catfish Creek Till continuum as has 
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been reported in areas to the south (Bajc and Dodge 2011). Similarly, there is no evidence for ice pull 
back during the Erie Phase as far as borehole BH19-OF-2009 in the northeast corner of the map area.  

The record is more complex in the northwest. Glaciolacustrine and subaquatic fan sediments were 
not observed in the far northwest of the area, and this may mark the limit of ice retreat. Previous research 
has suggested, however, that ice pulled back at least as far as Holstein, north of Mount Forest (Cowan 
1984). This interpretation was based on the incorporation of sediments derived from a glaciolacustrine 
source to explain textural changes between fine-textured Georgian Bay lobe Tavistock Till and older, 
sandy silty Catfish Creek Till. It is possible, however, that the textural changes simply reflects a different 
source area with the shift from regional to lobate flow rather than an extensive cycle of ice advance and 
retreat.  

Port Bruce and Mackinaw Phases 

The Port Bruce Phase was initiated when lobate ice readvanced into the lake basin, partially over-riding 
the large sandy Waterloo and Orangeville moraines. Typically, stone-poor, fine-textured Tavistock Till 
was deposited by Huron–Georgian Bay lobe ice; stony, sandy silty Port Stanley Till was deposited by 
Erie–Ontario lobe ice; and an upper sandy till (Newmarket Till) was deposited by Simcoe sublobe ice.  

The final adjustment of ice within the Orangeville–Fergus area occurred during the Mackinaw Phase. 
The ice lobes retreated northwest, northeast and southeast from the Port Bruce Phase maximum positions 
flanking the Orangeville and Waterloo moraines. Meltwater and sediments flowing off the retreating ice 
fronts coalesced into channels incised into the till surface. Following this period of retreat, the Simcoe 
sublobe readvanced to the Singhampton Moraine (Cowan 1984) after which the Erie–Ontario lobe 
readvanced to the Paris Moraine (Paris, Galt and Moffat moraines to the southwest; Bajc and Shirota 
2007; Bajc and Dodge 2011) depositing stony, coarse-textured Wentworth Till. This advance occurred 
along the length of the interlobate zone, and the Paris Moraine has been observed overlying glaciofluvial 
outwash and deltaic deposits formed during retreat of the Port Bruce Phase lobate ice in both the current 
and Brantford–Woodstock areas (Bajc and Shirota 2007; Burt 2011). Glaciofluvial outwash was also 
deposited when ice was at the Singhampton and Paris moraines (Cowan et al. 1978). Some outwash 
channels crosscut these later moraines, implying continued high volumes of meltwater and sediment as 
ice retreat continued.  

Physiography and Surficial Geology 

The Orangeville–Fergus area includes parts of 4 primary physiographic regions (Figure 5); the centrally 
located Hillsburgh sandhills (Orangeville Moraine), the Dundalk till plain northwest of the moraine and 
the Guelph drumlin field to the southeast, and the Horseshoe moraines (Singhampton and Paris moraines) 
in the northeast and southeast corners of the area (Chapman and Putnam 1984). Detailed surficial 
mapping in the area was conducted by Cowan (1976) and Karrow (1968). These publications, and the 
author’s field observations, form the basis for the following sections. 

The Orangeville Moraine extends from the central portion to the far northeast of the area. The 
moraine has been described as a terminal moraine for Ontario lobe ice (Taylor 1910, 1913), as an 
interlobate moraine formed during deposition of Tavistock and Port Stanley tills during the Port Bruce 
Phase (Cowan 1976) and an interlobate moraine related to the initial break up of Wisconsin ice during the 
Late Nissouri Phase (Chapman and Putnam 1984). Current thinking is that the moraine is composed of 
coarse-textured glaciofluvial gravel (exposed in pits) and coalescing gravel and sand subaqueous fans that 
become progressively finer textured towards the southwest, deposited in an ice-walled lake that extended 
from the Orangeville Moraine southwest to the Waterloo and Dorchester moraines and beyond (see  
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Figure 5. Surficial geology of the Orangeville–Fergus area (OGS 2010) draped over a topographic hillshade (OGS 2010). Key 
physiographic features are marked on the map. 
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Figure 4). There are 2 large and somewhat irregularly shaped depressions in the Orangeville Moraine that 
were likely formed by large, stranded blocks of ice that melted in place following construction of the 
moraine. The surface of the moraine is hummocky in the northeast, becoming more subdued and gently 
dipping towards the southwest. The flanks of the moraine were deeply incised postglacially, likely before 
a protective vegetation cover was established (Photo 2).  

The Orangeville Moraine is the primary drainage divide within the map area, forming the headwater 
region of 3 watersheds in southern Ontario:  the Nottawasaga Valley, Credit Valley, and Grand River 
watersheds (Figure 6).  Northeast of the Orangeville Moraine, surface water drains through the 
Nottawasaga River watershed, flowing northeastward down the Niagara Escarpment at the Hockley 
Valley re-entrant and continuing north to Georgian Bay. Southeast of the Orangeville Moraine and east of 
the Paris Moraine, surface water drains through the Credit River watershed flowing south and eastward 
down the Niagara Escarpment into Lake Ontario. West of both the Orangeville and Paris moraines, 
surface water drains south through the Grand River watershed into Lake Erie. 

Northwest of the Orangeville Moraine the Dundalk till plain (and a small spur of the Stratford till 
plain), exhibit a very gently rolling topography with localized southeast-trending flutes and drumlins (see 
Figure 5). The till plain is composed of Tavistock Till which was deposited during the Port Bruce Phase 
by Huron–Georgian Bay lobe ice advancing in a southeast direction. Tavistock Till is typically stone-
poor, and has a silt to clayey silt matrix in the area. A till-dominated moraine extends from the southwest 
tip of the Orangeville Moraine westwards to the edge of the current map area. This moraine has 
traditionally been mapped as part of the Orangeville Moraine (Chapman and Putnam 1984; Cowan 1976) 
but in this study is viewed as an end moraine associated with the retreat of Huron-Georgian Bay lobe ice. 
Localized pockets of glaciolacustrine sand, silt and clay infill shallow depressions on the till plain. There 
are numerous shallow, broad and flat-bottomed, southeast- to southwest-trending spillway channels that 
are partially filled with outwash gravels. Modern misfit streams are incised into the gravels and 
underlying sediments. There are extensive wetlands and organic deposits around Luther Lake in the far 
northwest as well as in some low-lying spillway channels. 

 

Photo 2. Incised post-glacial drainage channels on the flanks of a subaquatic fan, Orangeville Moraine. Photo was taken south of 
Marsville, looking west. 
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Figure 6. Surface drainage and watersheds of the Orangeville–Fergus area. Watershed and conservation authority boundaries are 
shown in green. A generalized outline of the Orangeville Moraine, derived from Chapman and Putnam (OGS 2007) is shown in 
orange. The following abbreviations are used: Grand River Conservation Authority (GRCA), Nottawasaga Valley Conservation 
Authority (NVCA), Credit Valley Conservation (CVC), Toronto Region Conservation Authority (TRCA) and Halton Region 
Conservation Authority (HRCA). 
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Southeast of the Orangeville Moraine is the Guelph drumlin field physiographic region. This region 
is dominated by stony, sandy silt Port Stanley Till deposited during the Port Bruce Phase by Ontario lobe 
ice.  The till is drumlinized, especially in the area north of Guelph (Guelph drumlin field) and is dissected 
by numerous late glacial spillway channels that are occupied by modern misfit streams. 

More extensive outwash gravels are located within re-entrant bedrock valleys that extend back from 
the Niagara Escarpment. These broad and flat gravel plains occupy low-lying positions on the landscape. 
There are additional perched outwash gravel plains located northeast, and rarely south, of the Orangeville 
Moraine. 

The Paris Moraine, located close to the Niagara Escarpment in the far southeast corner of the study area, 
was deposited along the margin of the Erie–Ontario ice lobe during the Mackinaw Phase. The moraine 
stands high above the surrounding landscape and has a distinctive hummocky and pitted surface 
expression. The moraine widens then splits into the distinct ridges of the Guelph, Paris, Galt and Moffat 
moraines south of the Orangeville–Fergus area. Surficial sediments associated with the moraine include 
Wentworth Till as well as ice-contact stratified sandy and gravelly deposits. The roughly 
contemporaneous northwest-trending Singhampton Moraine, overlies the Guelph drumlin field in the far 
northeast corner of the study area. Both the Paris and Singhampton moraines contain abundant closed 
drainage depressions facilitating groundwater recharge, but also act as local drainage divides (Photo 3). 

 

Photo 3. Closed drainage depressions in the Singhampton Moraine. These depressions facilitate groundwater recharge in the 
moraine. Photo was taken east of Orangeville looking south. 
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Creating the Three-Dimensional Geologic Model 
This section provides a brief overview of the methodology used to build the 3-D model of Quaternary 
sediments for the Orangeville–Fergus area. Additional details regarding standardization of legacy data 
and model creation are contained in Appendices 2 and 3. Building the model was undertaken in 4 stages:  

1. data acquisition, compilation and standardization;  

2. development of a conceptual geological framework;  

3. model creation; and 

4. generation of output files and products. 

DATA ACQUISITION, COMPILATION AND STANDARDIZATION 

Compilation and Standardisation of Legacy Data 

Legacy data sets gathered for a variety of different purposes, and therefore of highly variable resolution 
and quality, were compiled from internal and external sources. The data sets include the Ministry of the 
Environment and Climate Change water well database (7 high quality records and 10 336 low quality 
records), the Ministry of Transportation geotechnical drilling database (98 medium quality records 
typically clustered in groups of 2 or more), a geotechnical database from the Waterloo Region (7 medium 
quality records), overburden drill logs from private consultants, thesis work, conservation authorities and 
gravel pit operators (383 low to high quality records), OGS archived field descriptions (15 high quality 
records) and data points obtained from the seamless surficial geology map (258 medium quality records). 
Material descriptors have been standardized to allow merging of the individual datasets. There are 11 074 
legacy records with 42 267 geological layers in the geologic database.  

Acquisition of New Geological Data 

Field work was undertaken to evaluate and log natural and man-made exposures of Quaternary deposits 
(Figure 7). This information is invaluable for the development of a conceptual geologic framework. 
Pebble fabric analysis performed on till exposures (in road cuts and pits) improved knowledge of ice flow 
directions, while observations on stratified sediments made in pits provided information on depositional 
environments, sediment sources and trends in textural variability for the shallow subsurface. A hand auger 
was used to refine the stratigraphy of thin glaciolacustrine sediments and near-surface sediments adjacent 
to the Orangeville Moraine.  

The Ontario Geological Survey drilled 43 PQ (8.5 cm) diameter continuously cored boreholes within 
the Orangeville–Fergus study area using both track- and truck-mounted mud rotary drills with modified 
Christiansen core barrels retrievable by wireline (see Figure 7; Photo 4). Drilling targets were selected 
within each physiographic region to refine the stratigraphic relationships of tills and associated sediments, 
establish sediment-landform associations and determine the nature of buried-bedrock valley fills (Burt 
2008, 2009). A total of 735.75 m were drilled in 2008, 696.12 m in 2009 and 486.60 m in 2010 for a 
project total of 1918.54 m (Table 1). Approximately 3 m of fractured and/or competent bedrock was 
cored at each location. The core was visually logged and photographed in the field and representative 
intervals were sampled for clast lithology, grain size, carbonate and heavy mineral analysis (Photo 5). The 
bedrock core is stored at core storage facilities in Sudbury, Ontario. Representative intervals of tills and 
occasionally glaciolacustrine sediments were retained and the remaining core was disposed of on site. 
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Figure 7. Location map showing locations of continuously cored boreholes, continuously cored boreholes with monitoring wells, 
hand auger sites, aggregate operations visited during the 2011 field season and till fabric sites. 
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This was done because of the high expense of retaining core (staff time and the cost of Polyvinyl chloride 
(PVC) storage tubes, transportation and climate controlled storage).  

To enable the installation of groundwater monitoring wells in locations selected by the conservation 
authorities, two and a half inch diameter threaded, flush-joint PVC piping was inserted down 4 of the 
holes prior to removal of the drill rods and sealed in place with bentonite grout. Five or ten foot (1.5 or 
3.0 m) slotted screens were inserted to allow for continuous groundwater monitoring (Photos 6 and 7). 
The remaining 39 boreholes were abandoned using bentonite clay according to MOECC O. Reg. 903.  

Whilst information from archival drill holes was available to OGS, the project drilling program was 
essential to the study. Undertaking a project drilling program meant we were able to select the site of the 
borehole to better understand the geological sequence. Further, each of the boreholes were drilled, logged, 
sampled and analysed to an exacting, up-to-date and consistent set of protocols. Having this high quality 
reliable data set meant that pre-existing borehole information could be assessed against it and enhance its 
contribution to the study 

 

Photo 4. Collecting a 5 foot (1.5 m) long section of continuous core. 
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Table 1. Borehole name, location, depth to bedrock, depth of hole and monitoring well ownership. The following abbreviations 
are used: Nottawasaga Valley Conservation Authority (NVCA), Credit Valley Conservation (CVC) and Grand River 
Conservation Authority (GRCA). 

Borehole ID Code Location Easting1 
(m) 

Northing1 
(m) 

Depth to 
Bedrock 
(m) 

Depth  
of Hole  
(m) 

Monitoring 
Well 
Ownership 

BH01-OF-2008 BH01 County Rd 5 and 12th Line, East Garafraxa 556983 4856121 44 46.75 
 

BH02-OF-2008 BH02 10th Line, East Garafraxa 559280 4850395 59.1 61.9  
BH03-OF-2008 BH03 Sideroad 24-25, Grand Valley 551798 4857613 30.6 33.1  
BH04-OF-2008 BH04 Sideroad 13, Wellington North 544587 4856164 31.25 39.25  
BH05-OF-2008 BH05 Wellington Road 15, Wellington North 544047 4868925 27 30.1 

 

BH06-OF-2008 BH06 Sideroad 21-22, Grand Valley 548547 4865670 34.75 37.7 
 

BH07-OF-2008 BH07 Amaranth – East Luther Townline, Grand Valley 554905 4867744 30.87 33.2  
BH08-OF-2008 BH08 10th Sideroad, East Garafraxa 563043 4858984 27.08 30.05 

 

BH09-OF-2008 BH09 E – W Garafraxa Townline, Centre Wellington 553171 4852413 49.92 52.75 
 

BH10-OF-2008 BH10 5th Line, Centre Wellington 551817 4847991 48.3 54.1 
 

BH11-OF-2008 BH11 Colborne Street, Centre Wellington 547743 4838706 15.55 18.35 
 

BH12-OF-2008 BH12 E – W Garafraxa Townline, East Garafraxa 558238 4847588 55 58.6  
BH13-OF-2008 BH13 Sideroad 30, Centre Wellington 559967 4843210 18.85 22.7 

 

BH14-OF-2008 BH14 Sideroad 27, Erin 563530 4844827 57.25 59.5 
 

BH15-OF-2008 BH15 13th Line, East Garafraxa 564524 4851042 75.2 77.95 
 

BH16-OF-2008 BH16 16th Line, East Garafraxa 566388 4854901 75.7 79.75  
BH17-OF-2009 BH17 5th Line, Erin 569760 4844310 30.25 32.9  
BH18-OF-2009 BH18 10th Line, Erin 578147 4845922 20.75 24.24  
BH19-OF-2009 BH19 Beech Grove Sideroad, Caledon 578703 4859277 26.05 28  
BH20-OF-2009 BH20 7th Line, Amaranth 561002 4863630 19.55 22.5  
BH21-OF-2009 BH21 2nd Line, Amaranth 567277 4868500 33.15 35.85 NVCA 
BH22-OF-2009 BH22 Highpoint Sideroad, Caledon 573266 4857719 60.6 63.15 CVC 
BH23-OF-2009 BH23 2nd Line, Amaranth 568074 4864148 72 74.35  
BH24-OF-2009 BH24 Sideroad 5, Centre Wellington 545623 4844769 35.6 37.6 

 

BH25-OF-2009 BH25 Sideroad 6, Centre Wellington 553103 4832245 29.3 31.7 GRCA 
BH26-OF-2009 BH26 Erin – Eramosa Townline, Erin 570091 4834553 --- 87 GRCA 
BH27-OF-2009 BH27 Sideroad 20, Eramosa 561045 4834791 43.1 46.65  
BH28-OF-2009 BH28 Sideroad 20, Eramosa 564653 4839318 41.75 43.7  
BH29-OF-2009 BH29 3rd Line, Erin 574353 4836097 34.75 37.45  
BH30-OF-2009 BH30 6th Line, Erin 576749 4839513 30.46 33  
BH31-OF-2009 BH31 8th Line, Erin 570887 4848878 43.7 45.2  
BH32-OF-2009 BH32 2nd Line, Centre Wellington 544997 4849003 49.95 52.9  
BH33-OF-2010 BH33 4th Line, Erin 573092 4839302 79.3 82.35  
BH34-OF-2010 BH34 9th Line, Erin 575973 4846250 47.5 50.35  
BH35-OF-2010 BH35 Mississauga Road, Caledon 578754 4850961 102.8 105.15  
BH36-OF-2010 BH36 Mississauga Road, Caledon 576174 4853536 16.75 19.8  
BH37-OF-2010 BH37 9th Line, Erin 570236 4851349 37.5 39.6  
BH38-OF-2010 BH38 13th Line, East Garafraxa 562026 4853368 58.15 60.95  
BH39-OF-2010 BH39 4th Line, Erin 563179 4848660 39.35 41.25  
BH40-OF-2010 BH40 10th Sideroad, Eramosa 563783 4828321 18.7 19.9  
BH41-OF-2010 BH41 7th Line, Eramosa 571429 4831372 8.65 10.65  
BH42-OF-2010 BH42 2nd Line, Centre Wellington 553306 4841098 17.6 19.9  
BH43-OF-2010 BH43 4th Line, Centre Wellington 549394 4829200 32.15 36.7  
1Universal Transverse Mercator (UTM) co-ordinates provided using North American Datum 1983 (NAD83) in Zone 17. 
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Photo 5. A) Core from BH26-OF-2009. B) Logging core. C) Pebble counts. 
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Photo 6. Determining screen depth for a monitoring well. 

Acquisition of New Geophysical Data 

An extensive network of buried-bedrock valleys has been identified in southern Ontario using Ministry of 
the Environment and Climate Change (MOECC) water well records (for example Gao et al. 2007, Gao 
2011). The water well records have a sporadic distribution resulting in bedrock features that appear as a 
linear series of depressions typically centred on 1 or 2 domestic supply wells. The valley thalwegs are 
often missed unless the water wells happen to be situated over the deepest part of the valley. Previous 
studies around the Dundas buried-bedrock valley showed that ground-based gravity surveys are an 
effective tool for predicting the location of the valley systems (Zwiers, Rainsford and Bajc 2008).  

In 2010, 543 ground gravity stations along 12 lines totalling approximately 87 kilometres were 
surveyed along roads selected to cross the targeted valley thalwegs in the Rockwood–Caledon area at an 
approximately perpendicular angle (Figure 8; see Burt and Rainsford 2010 for survey details). One 
additional line (78 stations) was surveyed within the town of Erin in 2011. A 200 m station interval was 
used near the ends of the survey lines and a 100 m interval in the central part of the lines (near the 
predicted thalwegs). The gravity surveys were performed using a LaCoste & Romberg gravimeter and 
high-precision elevation data (absolute accuracy of ±2 cm) was obtained using a Leica GS15 RTK Rover 
GPS unit linked to Leica Geosystem’s SmartNet real-time differential correction service (Photo 8). 
Standard data reduction procedures, including terrain correction, were applied to the gravity results and 
the Bouguer gravity anomaly was calculated using a density of 2.1 g/cm3. In order to isolate the part of 
the gravity signal most likely to be associated with a buried-bedrock valley, a regional field was 
subtracted from the Bouguer gravity. Following the success of the test survey, a follow-up survey of 6247 
land gravity stations along 41 lines was completed during the fall of 2012. This survey was designed to 
identify buried-bedrock valley thalwegs away from the escarpment area.  
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Photo 7. A) PVC riser and screen. B) Installing a monitoring well. C) Completed monitoring well. 
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Figure 8. Location of 2010, 2011 and 2012 ground gravity geophysical survey lines, the gravity profiles and residual bouguer 
gravity anomaly (OGS 2013a). The base map is an interpolated bedrock surface draped over a bedrock hillshade, both of which 
were generated from the modelled bedrock surface.  



 

25 

 

Photo 8. A) Collecting high-precision elevation data with a Leica GS15 RTK Rover GPS unit. B) Collecting gravity data using a 
LaCoste & Romberg gravimeter. 

DEVELOPMENT OF THE CONCEPTUAL GEOLOGICAL FRAMEWORK 

A conceptual geological framework subdividing the Quaternary sediments into a regional-scale aquifer–
aquitard sequence of 16 hydrostratigraphic units has been developed based on the analysis of published 
reports, observations at natural and man-made exposures and new drilling. The hydrostratigraphic units 
are identified on the basis of age and the sediment characteristics resulting from deposition in different 
environments. The units typically contain a range of sediment textures as a result of short-term or 
localized changes in ice-margins, lake levels, sediment sources and water velocities. In practical terms, 
this means that while aquifer units will be dominantly sand and gravel, there will also be some finer 
textured components. It is equally likely that an aquitard composed primarily of lake-bottom silt and clay 
or glacial till will have localized sand layers. The conceptual geologic framework was used to guide the 
interpretation of the legacy data sets.   
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MODEL CREATION 

The 3-D model was created from borehole location, standardized geologic formation and screen and static 
water level data using Datamine Studio® software (Bajc and Newton 2005). Three-dimensional points 
(referred to as picks), identifying the upper surface of a given hydrostratigraphic unit, were manually 
digitized onto the borehole traces (Figure 9). A particular borehole trace may have any number of picks 
depending upon the number of units that could be identified. The picks are weighted according to the 
quality of the source data. Additional picks were digitized off the borehole traces in order to refine the 
geometry of the modelled surfaces. For the current project, over 50 000 picks have been digitized on and 
off the borehole traces.  

The digitized picks and a surface geology file created using the provincial digital elevation model 
(DEM) (location and elevation data) and a recoded version of the seamless surficial geology map were 
used to interpolate wireframe surfaces, or digital terrain models, representing the top of each 
hydrostratigraphic unit (see Figure 9). Elevations were interpolated on a 100 m grid using all data points 
within user defined search radii. Generally, larger search radii were used for units that were considered to 
be more continuous, such as bedrock, tills and regional aquitards, whereas smaller search radii were used 
for aquifers.  If there were insufficient data found within the search radius, then an “absent” elevation was 
assigned. Digitized picks meeting the search radius requirements were used in favour of interpolated 
values. A set of rules were applied during the interpolation process to correct any overlaps generated in 
the wireframe surfaces because of data gaps and the large number of estimated values.  

The final 3-D block model was generated by filling in the spaces between the wireframe surfaces 
using 100 by 100 m blocks of variable thickness (Figure 10). The blocks were used to calculate the 
volume of each hydrostratigraphic unit and produce output files.  

 

Figure 9. Borehole traces (lines), 3-D picks (dots) representing the tops of hydrostratigraphic units (digitized both on and off the 
borehole traces), and interpolated wireframe surfaces generated from the digitized picks. 



 

27 

 

Figure 10. An example of a block model generated for a 5 km subarea. 

GENERATION OF MODEL OUTPUTS AND PRODUCTS 

The prime outputs from this study are digital and are delivered through a digital workflow. The 
components of this digital release are derived from the 3-D model and the processes used to generate it. 
They comprise both data and interpretive material. Many of the graphic outputs are direct products of the 
modelling software used (Datamine Studio 3®), exported to a portable document format (.pdf) file using 
Adobe Acrobat®. The latter include isopach and surface contour maps for all the hydrostratigraphic units 
identified, and cross-sections selected to illustrate the stratigraphy of the units. Datamine Studio 3® 
applications also output each layer of the 3-D model as x, y, and z coordinates on a 100 m grid in comma-
separated value (.csv) form. ESRI® ArcInfo® was used to produce georeferenced isopach and structural 
contour maps viewable using Google Earth™ mapping service. 

Outputs and Products 
This digital data release contains comprehensive information regarding the 3-D distribution and character 
of surficial materials that form groundwater aquifers and aquitards within the Orangeville–Fergus area of 
southwestern Ontario. The data are organized into a series of folders, each folder containing information 
of varying type and format. A summary of the prime outputs forms Table 2 and details of all the outputs 
and products, their file structure, product descriptions and instructions are contained in Appendix 4. In 
addition, within the appendix, previously released data sets and summary reports have been tabulated with 
internet links. 

Comma-separated value (.csv) files depicting the elevation of each hydrostratigraphic unit generated 
from the block model are the primary outputs. Printable structural contour maps depicting the surface 
topography, isopach maps indicating the thickness of each hydrostratigraphic unit, colour-coded maps of 
the digitized picks that were used to generate the surfaces and a series of west-east and north-south cross-
sections are designed as reference guides. The structural contour maps,  
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Table 2. Summary of model outputs and derivative products provided in this Groundwater Resources Study. The data can be 
found in corresponding folders in this data release. 

Title Description Format 
Analytical Data Laboratory grain size and carbonate analysis results coded according to 

hydrostratigraphic unit and depositional environment. 
Microsoft® Access® 
database (.mdb), Microsoft® 
Excel® (.xls) 
 

ArcInfo Grids ESRI® ArcInfo® structural contour and isopach grids of modelled units. 
Hillshade (25 m cell size) of the bedrock surface. 
 

ESRI® ArcInfo® raster data 
sets 

Google Earth Isopach (thickness) and structural contour maps of hydrostratigraphic 
units, subsurface database and excerpts from seamless geology maps 
viewable using Google Earth™ mapping service. 
 

Google Earth™ (.kml, .kmz) 
and portable network 
graphic (.png)  

Graphic Borehole 
Logs 

Graphic borehole logs depicting geological information, 
hydrostratigraphic units and select analytical results. 
 

Graphic (.pdf) 

Modelled Surfaces Comma-separated files of structural contour (elevation) and isopach 
(thickness) information on a 100 m grid for each hydrostratigraphic 
unit and bedrock. Includes both continuous and discontinuous surfaces. 
 

Comma-separated (.csv)  

Movie Movie from the Waterloo Region 3-D project showing the use of the 
Google Earth™ mapping service (.kmz).  
 

Movie (.avi) 

Plates High-resolution plates depicting cross-sections (hydrostratigraphic 
units and aquifer–aquitard class legends), isopach (thickness), 
structural contour and aquifer vulnerability maps. 
 

Graphic (.pdf) 

Report Digital version of this report. 
 

Text and graphics (.pdf) 

Subsurface Data Abbreviated version of the data set used to construct the 3-D block 
model including location, formation and picks tables. 

Microsoft® Access® 
database 

isopach maps and standardized subsurface database are also viewable using Google Earth™. A movie file 
from the Waterloo Region 3-D project, showing the use of the Google Earth™ mapping service 
compressed keyhole markup (.kmz) files, is also included. Many of the data files have been designed so 
that they may be used as inputs to other software packages; for example for hydrogeological modelling, 
or visualisation. 

Orangeville–Fergus Conceptual Framework 
The conceptual geological framework developed for the Orangeville–Fergus area comprises 16 regionally 
significant Quaternary sediment hydrostratigraphic units and 1 bedrock unit (Figure 11 and Table 3). The 
codes and nomenclature developed for the Waterloo Region and Brantford–Woodstock 3-D projects have 
been extended to the current study area wherever possible (Table 4). The 3 areas have a similar glacial 
history and are located within the same late glacial interlobate zone, so it is often possible to trace many 
of the hydrostratigraphic units across all 3 areas. Some formations, for example Catfish Creek Till, have a  
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Table 3. Hydrostratigraphic units in the Orangeville–Fergus 3-D map area with their corresponding lithostratigraphic units, 
primary lithologic descriptions and search radii used to construct the model. 

Hydrostratigraphic Unit Lithostratigraphic Unit Lithology Search 
Radius 
(m) 

 

AFA1 Wentworth aquifer: glaciofluvial and coarse-
textured glaciolacustrine sediments, alluvium and 
recent organics overlying Wentworth Till 

Sand; silty sand; minor gravel 500 

 

ATA2-1 Wentworth Till aquitard: Wentworth Till  Stony, sandy till to silty sandy till 750 

 

ATA2-2 Paris Moraine aquitard: Wentworth Till and ice-
contact sand and gravel 

Dirty sand and gravel; stony sandy 
diamicton (debris flow deposits); sand 
and gravel  

750 

 

AFA2 Caledon–Grand River Outwash aquifer: 
glaciofluvial outwash, coarse-textured 
glaciolacustrine sediments, alluvium and recent 
organics 

Gravel and cobbles; dirty sand and 
gravel; sand; rare silty sand; rare peat 
and wetland deposits 

750 

 

ATB1 Port Bruce Phase aquitard: Tavistock Till, Port 
Stanley Till, upper sandy till, and associated fine-
textured glaciolacustrine sediments 

Stone-poor, clayey silt to silt till 
(Tavistock Till); stony sandy silt till (Port 
Stanley Till); stony sand till (upper sandy 
till); rare sand and silt 

1500 

 

AFB1 Upper Erie Phase aquifer: Orangeville Moraine 
stratified sediments and equivalents 

Sand; silt and sand rhythmites; localized 
gravel and cobbles 

1000 

 

ATB3 Lower Erie Phase aquitard: Maryhill till, fine-
textured glaciolacustrine sediments and 
equivalents 

Clayey silt till, silt and clay rhythmites; 
sand and silt rhythmites; silt 

2000 

 

AFB3 Lower Erie Phase aquifer: stratified sediments 
associated with the breakup of the main Late 
Wisconsin (Catfish Creek) ice; Rockwood buried 
valley fill 

Sand; gravel; dirty sand and gravel; rare 
silt and sand  

500 

 

ATC1 Upper Catfish Creek Till aquitard: Catfish Creek 
Till and associated fine-textured glaciolacustrine 
sediments 

Stony, sandy silt till; rare gravel; rare silt 
and sand 

2000 

 

AFC1 Catfish Creek aquifer: stratified sediments within 
Catfish Creek Till 

Sand; sand and gravel 500 

 

ATC2 Lower Catfish Creek Till aquitard: lower Catfish 
Creek Till and associated fine-textured 
glaciolacustrine sediments; only mapped under 
AFC1 

Stony, sandy silt till; rare silt and sand 750 

 

AFD1 Pre-Catfish aquifer: pre-Catfish Creek 
glaciofluvial and coarse-textured glaciolacustrine 
sediments; rare alluvium 

Gravel; sand; silt 1500 

 

ATE1 Canning aquitard: Canning till and 
glaciolacustrine sediments 

Clayey silt till; silt till; silt and clay 1500 

 

AFF1 Pre-Canning aquifer: pre-Canning glaciofluvial 
and coarse-textured glaciolacustrine sediments 

Sand; gravel 1500 

 

ATG1 Pre-Canning aquitard: pre-Canning coarse-
textured till 

Stony to very stony, sandy silt till 1500 

 

AFH1 Contact aquifer: stratified sediments, fractured 
bedrock and rubble and highly weathered bedrock 

Gravel and cobbles; dirty sand and 
gravel; rubble 

500 

 

BR Paleozoic bedrock: Guelph, Eramosa, Goat 
Island, Gasport and Queenston formations,  

Dolostone; limestone; shale 5000 
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Table 4. Comparison of the hydrostratigraphic units in the completed Brantford–Woodstock (southernmost) and Waterloo 
Region (central) areas with units in the Orangeville–Fergus area (see Bajc and Shirota (2007) and Bajc and Dodge (2011) for 
information on the completed projects). 

 Brantford–Woodstock  Waterloo Region Orangeville–Fergus Name 

O
ld

er
  

Y
ou

ng
er

 

AFA0 — — Whittlesey regressive aquifer 
ATA1 ATA1 — Whittlesey aquitard 
AFA1 AFA1 AFA1 Whittlesey aquifer; Wentworth aquifer 
ATA2 ATA2 ATA2-1 Wentworth Till aquitard 
— — ATA2-2 Paris Moraine aquitard 
AFA2 AFA2 AFA2 Caledon–Grand River outwash aquifer 
ATA3 ATA3 — Grand River aquitard 
ATB1 ATB1 ATB1 Port Bruce Phase aquitard 
AFB1 AFB1 AFB1 Upper Erie Phase aquifer 
ATB2 ATB2 — Upper Erie Phase aquitard 
AFB2 AFB2 — Middle Erie Phase aquifer 
ATB3 ATB3 ATB3 Lower Erie Phase aquitard 
AFB3 AFB3 AFB3 Lower Erie Phase aquifer 
ATC1 ATC1 ATC1 Upper / Main Catfish Creek Till aquitard 
AFC1 AFC1 AFC1 Catfish Creek aquifer 
ATC2 ATC2 ATC2 Lower Catfish Creek Till aquitard 
AFD1 AFD1 AFD1 Pre-Catfish aquifer 
ATE1 ATE1 ATE1 Canning aquitard 
AFF1 AFF1 AFF1 Pre-Canning aquifer 
ATG1 ATG1 ATG1 Pre-Canning aquitard 
— — AFH1 Contact aquifer 
BR BR BR Paleozoic bedrock 

widespread distribution and, as such, are key marker beds. Other formations not only have a much more 
limited extent, but were deposited during local ice fluctuations. The Orangeville–Fergus area does not 
contain the youngest hydrostratigraphic units mapped in the Waterloo Region and Brantford–Woodstock 
areas (units ATA1 and AFA0), the Wentworth Till aquitard (ATA2) has been subdivided because of 
variability in sediment characteristics, and a basal contact aquifer (AFH1) has been added to the sequence 
(see Table 4). Adopting this methodology of mapping consistent hydrostratigraphic units will allow for 
seamless merging of 3-D models. Local oscillations in ice margins and different relative positions within 
sedimentary basins have resulted in considerable variations in unit thickness, lateral continuity and 
internal characteristics across the 3 areas. The hydrostratigraphic units mapped in the Orangeville–Fergus 
area consist of, from oldest to youngest:  

1. Paleozoic bedrock (Paleozoic bedrock: BR) consisting of dolostone, limestone and shale. The 
bedrock surface is characterised by partially infilled re-entrant valleys extending towards the 
Niagara Escarpment cuesta, buried-bedrock valleys, and resistant bedrock highs. 

2. A contact aquifer (Contact aquifer: AFH1) consisting of stratified sediments, and highly 
weathered bedrock. 

3. A sequence of 1, or occasionally 2, older tills (pre-Canning aquitard: ATG1) overlying bedrock 
or the contact aquifer. These units are typically located in the western portions of the area away 
from the escarpment. Laterally continuous deposits confine the bedrock aquifer in the northwest 
part of the area.  

4. Localized coarse-textured stratified sediments (pre-Canning aquifer: AFF1) confined to the 
Rockwood buried valley and the central portion of the area. 
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5. Canning drift (Canning aquitard: ATE1) consisting of fine-textured diamicton equivalent to 
Canning till and glaciolacustrine silt and clay. Canning drift confines the pre-Canning aquifer 
within the Rockwood buried valley. Sporadic deposits in the west and central area likely 
confine other small pre-Canning aquifers.  

6. A pre-Catfish aquifer (Pre-Catfish aquifer: AFD1) composed of typically thin and fairly 
sporadic silt to sand or gravel deposited in a range of environments across the northern and 
western parts of the area. There are thick deposits within the Elora buried-bedrock valley.  

7. Catfish Creek Till and associated stratified sediments (Upper Catfish Creek Till aquitard: 
ATC1; Catfish Creek aquifer: AFC1; Lower Catfish Creek Till aquitard: ATC2). 
Overconsolidated, stony, sandy silt till deposited during the main Late Wisconsin (Nissouri 
Phase) ice advance. Catfish Creek Till is mapped across most of the area and forms an 
important regional confining layer. The unit thins and pinches out approaching the Niagara 
Escarpment. 

8. A series of Erie Phase aquifers and aquitards (Upper Erie Phase aquifer: AFB1; Lower Erie 
Phase aquitard: ATB3; Lower Erie Phase aquifer: AFB3) deposited during and following the 
break-up of Catfish Creek ice. The centrally located Orangeville Moraine (AFB1) and 
Rockwood buried-bedrock valley fill (AFB3) are part of this sequence. The aquifers consist of 
glaciofluvial gravel to coarse-textured sand and sandy to silty subaquatic fan sediments. The 
Lower Erie Phase aquitard (ATB3) is dominated by fine-textured diamicton and glaciolacustrine 
silt and clay deposited in a subglacial and/or interlobate lake in the central portion of the area.  

9. A Port Bruce Phase aquitard (ATB1) deposited during lobate ice advances from the northwest 
(Georgian Bay lobe, fine-textured Tavistock Till), northeast (Simcoe lobe, upper sandy till) and 
southeast (Erie–Ontario lobe, stony, sandy silt Port Stanley Till). The tills and associated 
glaciolacustrine deposits form the upper aquitard across much of the area, partially burying the 
flanks of the Orangeville Moraine. 

10. Outwash gravels (Caledon–Grand River outwash aquifer: AFA2) deposited in channels incised 
into Tavistock and Port Stanley Till. Coarse-textured glaciolacustrine and localized 
glaciofluvial and ice-contact stratified deposits overlying the Port Bruce phase aquitard have 
been included in this unit. The low relative elevation and unconfined condition of most of these 
deposits contributes to on-going surface contamination issues in this aquifer. The outwash 
gravels are currently exploited for aggregate.  

11. Mackinaw Phase Wentworth Till (ATA2-1) and the Paris Moraine (ATA2-2) aquitards. The 
Paris Moraine, located in the southeast corner of the study area, marks the maximum position of 
the final Erie–Ontario lobe ice advance within the study area. Discontinuous beds of coarse-
textured stratified sediment and abundant closed depressions in the moraine system provide 
enhanced recharge potential.  

12. Glaciofluvial and coarse-textured glaciolacustrine sediments overlying Wentworth Till 
(Wentworth aquifer: AFA1) in the southeast corner of the study area. 

The modelling process requires search radii to be set for each hydrostratigraphic unit (see Table 3). 
This influences the mapped size and lateral continuity of individual deposits, particularly where data is 
sparse. The search radii used for the Orangeville–Fergus area are comparable to those used for the 
Waterloo Region and Brantford–Woodstock projects. The differences reflect variations in data 
distribution across the project areas. 
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Synthesis and Interpretation of Hydrostratigraphic 
Units 

INTRODUCTION 

The mapped extent and sediment characteristics of each hydrostratigraphic unit are described in the 
following sections. Information on the distribution, lateral continuity, thickness and surface expression of 
each unit is derived from the 3-D block model. Paired maps showing the distribution and thickness of 
each unit (A) and the 3-D picks used to generate the modelled surface (B) are shown in the body of the 
text. High resolution plates (located in Appendix 1 and in the “Plates” folder in the digital release) present 
distribution maps showing municipal and watershed boundaries (Plate 2), structural contour maps (Plate 
3), isopach maps (Plate 4), 3-D pick dot maps (Plate 5) and bird’s-eye-view screen captures (Plate 6) for 
all hydrostratigraphic surfaces. The distribution of key units for the Orangeville–Fergus, Waterloo Region 
(Bajc and Shirota 2007) and Brantford–Woodstock areas (Bajc and Dodge 2011) are shown on Plate 11.  

The sediment characteristics are based on observations and analytical results of the 43 continuously 
cored boreholes supplemented with natural and man-made sections (see Figure 7). Detailed written and 
graphic logs as well as analytical data have been published previously (Burt and Webb 2013; Burt and 
Chartrand 2014). Summary graphic logs are presented on Plate 1 and detailed graphic logs are located in 
the “Graphic Borehole Logs” folder in the digital release. Compilation photos composed of examples of 
core are presented for each hydrostratigraphic unit. Within each compilation, the individual photos are 
generally grouped according to type (for example sediment textures and structures, deformation, 
contacts).  

BEDROCK SURFACE 

The bedrock surface in the Orangeville–Fergus map area is well constrained by the results of the 2010–
2012 ground-based gravity surveys, legacy geophysical surveys targeting buried-bedrock valleys (Arai 
1975; Chaitan 1976; Greenhouse and Karrow 1994; Jensen 1975; Lee 1975) and new high-quality and 
legacy (low-quality) subsurface records, most of which penetrate the bedrock surface. Abundant off-trace 
picks were added to refine features such as bedrock valleys. The bedrock surface elevation is highest in 
the northern part of the map area, dipping down from greater than 480 m asl to a low of less than 300 m 
asl in the southwest corner and 260 m asl in some valleys (Figures 12 and 13). This dipping surface is 
characterised by broad lows, such as the informally named Luther Lake low, and several distinct resistant 
bedrock highs (informally named Hillsburgh high) or knobs (informally named Arnold’s knob). The 
upper bedrock surface is often glacially polished and striated (Photo 9) and ranges from highly competent 
and intact to fractured and/or highly weathered into what is now a yellowish carbonate sand (Photo 10).  

The eastern side of the area is characterised by a series of wide, deeply incised re-entrant bedrock 
valleys that extend back from the Niagara Escarpment (see Figures 12 and 13). From north to south, the 
valleys are the north- then northeast-trending Hockley Valley re-entrant, the small northeast-trending 
Mono Mills re-entrant, the south- then southeast-trending Alton re-entrant, the northeast-trending 
Rockwood re-entrant and the east-trending Black Creek re-entrant. The valleys are incised to depths of as 
much as 200 m at the Hockley re-entrant, 145 m at the Alton–Rockwood re-entrant and 70 m at the Black 
Creek re-entrant. The valleys are partially infilled with Quaternary sediments, but are still clearly visible 
at surface adjacent to the escarpment where modern streams have partially eroded the valley fill. Further 
away from the escarpment, the valleys are completely buried and cannot be detected at surface. The 
Hockley and Alton valleys eroded back towards each other forming an incised headwater area east of  
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Figure 13. Screen capture of a 3-D view of the modelled bedrock surface highlighting re-entrant bedrock valleys, buried-bedrock 
valleys and resistant bedrock highs. Elevations range from 481 m asl (red) to 228 m asl (dark blue). 1) Hockley Valley re-entrant 
bedrock valley. 2) Mono re-entrant bedrock valley. 3) Headwater. 4) Plunge pool. 5) Alton re-entrant bedrock valley.  
6) Rockwood re-entrant bedrock valley. 7) Hillsburgh high. 8) Erin sill. 9) Black Creek re-entrant bedrock valley. 10) Rockwood 
buried-bedrock valley. 11) Elora buried-bedrock valley. 12) Disappearing valley. 13) Cumnock buried-bedrock valley.  
14) Arnold’s knob. 15) Luther Lake low.  

 
Photo 9. Glacially polished and striated bedrock surface from BH37-OF-2010. 
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Orangeville. The Alton valley has a second tributary and a plunge pool formed at the confluence of the 2 
streams. The Mono Mills re-entrant knick point did not migrate far enough up stream to join the incised 
headwater.  

All of the re-entrant valley systems drain towards the brow of the escarpment. The 2010 geophysical 
survey recorded increasing widths and amplitudes of the negative residual anomalies towards the 
escarpment in both the Alton and Rockwood valleys. This suggests that the valleys widen and deepen as 
they approach the escarpment (see Figure 8; Burt and Rainsford 2010). The cross-sectional shape of the 
valley floors could not be resolved with the information available. However, it is suspected that repeated 
glaciations will have eroded the re-entrant valleys into u-shaped profiles rather than the v-shaped profile 
typically associated with fluvial valleys.  

 
Photo 10.  Examples of bedrock contacts and weathered and fractured bedrock. Each pictured core is 75 cm long and the top is to 
the left.  A)  A cobble overlying fractured bedrock, BH22-OF-2009. This contact (marked with an arrow) would be difficult to 
pick out in water well records. B) Overconsolidated till over competent bedrock, BH37-OF-2010. This contact (marked with an 
arrow) should be easy to pick out in water well records. C) Stony till over bedrock, BH39-OF-2010. The till is partially washed 
which could make the top of rock (marked with an arrow) difficult to identify.  D) Highly weathered bedrock that appears as a 
yellowish carbonate sand and soft boulders, BH04-OF-2008. E) Fractured bedrock, BH10-OF-2008. F) Weathered (left of arrow) 
and unaltered (right of arrow) bedrock, BH22-OF-2009. 
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The Rockwood re-entrant valley floor rises up 95 m from 265 m asl at the escarpment to 360 m asl in 
the town of Erin, located 8 km to the southwest, before dropping back down to 300 m asl at the southern 
edge of the map area. A narrow ledge of more resistant rock (probably somewhat similar in appearance to 
an intrusive dike) separates the wide, northeast-trending re-entrant valley section from a much narrower, 
southwest-trending buried-bedrock valley section. The ledge, informally named the Erin sill, was first 
encountered during drilling (BH34-OF-2010) and a subsequent gravity line confirmed that the valley 
widened and shallowed in that area. There are several additional southwest-trending buried-bedrock 
valleys in the southern portion of the map area. The most distinctive of these are the well-documented 45 
to 55 m deep Elora buried valley (e.g., Arai 1975; Chaitan 1976; Greenhouse and Karrow 1994; Jensen 
1975; Lee 1975) and the 30 m deep Cumnock valley. These valleys appear to be very narrow, typically 
less than 400 m wide, and are likely to have steep, if not vertical, sides similar to the modern Elora Gorge 
(Photo 11A). These valleys may well have been used preferentially to drain subglacial meltwater. The 
Elora buried valley is of particular interest as, east of Belwood Lake, the waterwell and geophysical 
records suggest that the valley is discontinuous, disappearing for several kilometers. The river would have 
continued to flow, but the flow would have been underground, a common occurrence in karst landscapes 
(Photo 11B). The bedrock valleys (re-entrant and buried) follow a broadly rectilinear pattern that is 
oriented in a northeast and southwest direction. This pattern is most clearly seen in the sharp 90° turns of 
the Elora buried valley. The valley network is probably being influenced by stress release fractures and 
faults in the Paleozoic bedrock (Eyles et al. 1997; Sanford and McFall 1984). A similar pattern is also 
evident in the modern Elora gorge. 

DRIFT THICKNESS 

New drilling and geophysics, as well as manually selecting the top of bedrock in legacy data sets, has 
allowed for refinements to the provincial-scale drift thickness map (Figure 14). The thickest sediments are 
found in the re-entrant bedrock valleys approaching the Niagara Escarpment. Over 125 m of sediment is 
found near the mouths of the Hockley Valley and Alton–Rockwood re-entrants. The Rockwood buried-
bedrock valley fill (and overlying sediments) reaches 100 m in thickness, thinning to 50 m over the Erin 
sill, while the Elora and Cumnock buried-bedrock valleys contain up to 70 m and 50 m, respectively. The 
northeastern and central core of the Orangeville Moraine is up to 75 m thick, thinning towards its flanks. 
An end moraine extending west from the Orangeville Moraine has the thickest deposits on the western 
side of the area with over 70 m of sediment along the crest, gradually thinning northwards to 45 m. 
Sediments are typically much thinner in the northern and southern parts of the area, typically ranging 
from 20 to 30 m in thickness. The sediments thicken in the far southwest, a trend that extends into the 
adjacent Waterloo Region 3-D project area.  Late glacial outwash channels, often occupied by modern 
misfit streams, have, in places, incised through the sediment, exposing bedrock in the valley floors  
(Photo 12). The sediment cover also thins towards the Niagara Escarpment, frequently pinching out at the 
cuesta brow. The Paris moraine contains the thickest sediments in the southeast corner of the study area, 
ranging between 40 and 50 m.  

CONTACT AQUIFER (AFH1) 

The basal contact aquifer consists of small, highly sporadic deposits distributed throughout the area (see 
Plates 2 to 5). The mapped deposits rarely exceed 5 m in thickness. This hydrostratigraphic unit 
represents the oldest stratified sediments in the area found at the base of the Quaternary sediment 
sequence between the bedrock surface and the basal till. The unit comprises sand and gravel that may be 
thinly bedded or dirty (Photo 13). Clusters of water well records showing gravel over bedrock are 
included in the mapped extents of this unit. It is probable that fractured bedrock has been misidentified as 
gravel in many water well records and users may simply choose to combine this unit with the underlying 
bedrock to reduce model complexity. 
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Photo 11. A) The modern Elora gorge viewed from river level. Note the steep sides to the gorge and straight course of the river. 
B) A small-scale example of a “disappearing stream” in Yorkshire, England.  
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Photo 12. Solution enhanced joints in bedrock exposed at the bottom of the Irvine River. 

 

Photo 13. Examples of the contact aquifer sediments. Each pictured core is 40 cm long and the top is to the left. A) Sand and 
gravel over vuggy and fractured bedrock, BH03-OF-2008. B) Oxidized dirty sand, gravel and boulders, BH43-OF-2010. 
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PRE-CANNING AQUITARD (ATG1) 

The Pre-Canning aquitard consists of 1, or occasionally 2, older tills overlying bedrock or the contact 
aquifer. Deposits of the pre-Canning aquitard are thickest and most continuous in the west-central part of 
the area, ranging up to 25 m in thickness, becoming thinner but remaining fairly continuous to the 
northwest and sporadic to the east and south (Figure 15; Plates 2 and 4). In addition, a small, fairly 
continuous but thin deposit was mapped in the southwest corner. The surface elevation is highest in the 
northwest at 480 m asl, dipping to 310 m asl in the southwest following the regional bedrock surface 
(Plate 3). Narrow ribbons of anomalously thick sediments correspond with buried-bedrock valleys where 
the unit is preferentially preserved. The pre-Canning aquitard overlies either the contact aquifer (AFH1) 
or highly weathered, fractured or competent Guelph Formation bedrock, effectively confining the bedrock 
aquifer in the northwest part of the area.  

The pre-Canning aquitard does not outcrop within the Orangeville–Fergus area, but was observed in 
19 boreholes distributed across the western side of the area (see Plate 1 for graphic borehole logs). Based 
on this high quality data, it was determined that the aquitard is composed of several distinctly different 
tills, but it is not clear whether these represent multiple ice advances or simply reflect minor oscillations 
in the ice margin or a lobate then regional ice advance. A typically soft to hard, stony to very stony, sandy 
silt till characterised by a distinctive yellowish brown colour with rare beds of dirty sand and/or gravel 
was observed (Photo 14). The average matrix carbonate content is the highest of all tills in the area, at 
59%, likely reflecting erosion and incorporation of the underlying bedrock (Table 5). Low calcite to 
dolomite ratios, averaging 0.5, are consistent with the local Guelph Formation dolostone bedrock 
(analytical data coded according to hydrostratigraphic unit may be found in the self-titled folder on the 
digital release).  

A deep weathering profile, formed during prolonged exposure to subaerial conditions, probably 
during the Middle Wisconsin or Sangamon, was observed on the upper surface of this till in several 
boreholes (for example BH25-OF-2009 and BH40-OF-2010) (see Photo 14). This interpretation is 
supported by evidence of carbonate mobilization in the upper part of the till package (leaching at the top 
and enrichment below) in several boreholes. In other boreholes, the lower portion of the till package 
overlying permeable bedrock was highly oxidized as a result of subsequent infiltration of oxygenated 
groundwater (see Photo 14). Associated ice flow directions have yet to be determined and the age of the 
till, beyond recognition as predating the Elgin Subepisode, is unknown. 

Beds of coarser- and finer-textured till separated by either glaciolacustrine silt and clay or gravel 
observed in the centrally located boreholes BH15-OF-2008 and BH24-OF-2009 may be the result of 
minor fluctuations in the ice margin (lobate ice) or completely different tills with significant age 
differences. An older (stratigraphically lower), overconsolidated, slightly reddish, stony, sandy silt till 
with an average calcite to dolomite ratio of 0.7 was observed in the north-central part of the area (BH07-
OF-2008 and BH20-OF-2009; Photo 14).  The reddish colour may be attributed to red shales located 
either to the northwest of the map area (Salina Formation) or to the east (Queenston or Cabot Head 
formations). This till may represent an older ice advance. 
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Photo 14. Examples of pre-Canning aquitard sediments. Each pictured core is 40 cm long and the top is to the left.  A)  Stony 
sandy till, BH06-OF-2008. B) Oxidized stony sandy till, BH04-OF-2008. C) Weathering profile (top of profile is marked with an 
arrow) at the top of the pre-Canning aquitard, BH40-OF-2010. D) Stony sandy till oxidized from the “bottom up”, BH24-OF-
2009. The top of bedrock is marked with an arrow. E) Older finer-textured pre-Canning till, BH07-OF-2008.  
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Table 5. Results of grain size and carbonate analysis for Orangeville–Fergus area tills. Average results are shown in bold and the range of values are shown in parentheses. Note 
that calcite has leached from the upper metre of surface tills (ATA2 and ATB1) and several obvious outlier results were not included in this compilation. 

Formation Grain Size Analysis Carbonate Analysis 
 No. of 

Samples 
Sand (%) Silt (%) Clay (%) No. of 

Samples 
Calcite 

(%) 
Dolomite 

(%) 
Total 

Carbonate 
(%) 

Calcite to 
Dolomite 
(ratio) 

ATA2 Wentworth Till 43 41 (20-61)  54 (36-74)  5 (<1-8)  39 21 (3-30)  26 (3-39)  47 (19-57)  1.2 (0.1-6)  

ATB1 Port Stanley Till 108 40 (16-67)  54 (27-73)  7 (<1-16)  105 23 (5-28)  19 (7-45)  42 (26-63)  1.5 (0.2-4)  

ATB1 Tavistock Till 41 17 (0-36)  68 (53-86)   15 (4-24)  37 24 (7-30)  19 (8-44)  43 (23-63)  1.4 (0.4-3.6)  

ATB1 Tavistock Till (coarse) 23 42 (34-58)  52 (37-62)  5 (2-11)  23 22 (18-25)  19 (10-43)  41 (34-62)  1.3 (0.4-2.3)  

ATB1 Upper Sandy till 20 66 (40-92)  31 (8-53)  3 (0-7)  17 22 (12-26)  23 (17-40)  45 (39-52)  1.1 (0.3-1.5)  

ATB3 till and diamicton 59 13 (0-37)  74 (54-88)  13 (4-26)  56 27 (17-35)  15 (6-30)  41 (35-51)  2.2 (0.6-6)  

ATC1, ATC2 Catfish Creek Till 232 40 (16-66) 52 (31-75)   7 (2-22) 233 21 (13-29)  29 (8-56)  51 (29-80)  0.9 (0.2-2.7)  

ATC1, ATC2 Catfish Creek Lobate 52 26 (<1-50)  61 (47-81)  13 (2-37)  51 25 (18-31)  17 (8-48)  42 (20-61)  1.7 (0.4-4)  

ATE1 Rockwood Valley 25 28 (21-44)  58 (48-64)  14 (8-18) 26 20 (19-22)  8 (7-14)  29 (27-35)  2 (1.6-3)  

ATE1 Western Canning Equivalent 19 15 (0-47)  70 (43-87)  15 (6-32) 19 25 (18-32)  19 (7-43)  44 (37-61)  2 (0.4-4.4)  

ATG1 Older Till 73 41 (12-64)  51 (32-75)  8 (1-16)   73 20 (13-26)  40 (16-59)  59 (36-77)  0.5 (0.2-1.4)  

ATG1 Older Till2 BH07-OF-2008 3 25 (21-28)   61 (60-63)   14 (12-15)   3 21 (19-23)  30 (29-33)  51 (49-53)  0.7 (0.6-0.8)  

ATG1 Older Till BH20-OF-2009 3 37 (35-38)  56 (54-57)  8 (~8)  3 20 (17-22)  30 (28-32)  50 (49-51)  0.7 (0.6-0.8)  
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PRE-CANNING AQUIFER (AFF1) 

Sand and gravel deposits that form small, isolated pre-Canning aquifers (AFF1) are found centrally and in 
the Rockwood buried-bedrock valley (Figure 16; Plate 2).  The centrally located deposits, observed in 
boreholes and picked out in water well records, range from less than 1 m to over 15 m in thickness and 
overlie bedrock or thin beds of older diamicton (ATG1). The upper surface of the aquifer dips to the 
northeast and, as expected for fairly small positive relief features, slopes down towards the outer edges 
(Plate 3). In BH16-OF-2008, over 5 m of stratified gravel interbedded with thin beds of sand and 
diamicton are interpreted as ice-contact to proximal deposits, possibly an esker (Photo 15; Plate 1). These 
sediments are overlain by nearly 8 m of fining-upwards gravelly sand to sand and silty sand. Similar 
thicknesses of sand were observed in BH02-OF-2008. These sands are interpreted as subaquatic fan 
sediments that were deposited in a proglacial lake. The fining-upward sequence suggests a transgression 
and/or a gradual shutting down of the sediment supply. In both boreholes, glaciolacustrine silt and clay 
(assigned to aquitard ATE1) overlies the fan sediment. It is likely that the observed sand and gravel was 
deposited as a single large fan that became finer in texture towards the south and/or west. This large fan 
would have been partially eroded during the next ice advance, leaving a discontinuous distribution (the 
sand is absent from intervening boreholes).  

In the Waterloo Region 3-D map area, thick glaciofluvial sand and gravel forming an important pre-
Canning aquifer was mapped around Elmira, southwest of the current area (Bajc and Shirota 2007; Bajc, 
Russell and Sharpe 2014). These deposits do not appear to continue into the current map area (see Plate 
11 for maps showing the distribution of hydrostratigraphic units across the Orangeville–Fergus, Waterloo 
Region and Brantford–Woodstock project areas), but were likely deposited during the same glaciation. 

The Rockwood buried-bedrock valley contains a discontinuous basal aquifer that, in places, reaches 
thicknesses of over 10 m and possibly up to 20 m, based on the limited information available (see Figure 
16). This aquifer has been assigned to the pre-Canning aquifer based on stratigraphic position. Over 5 m 
of boulders and gravel overlain by dirty sand and gravel was observed in the southern-most valley 
borehole (BH26-OF-2009; Plate 1). Bedrock was not reached in this borehole, so the thickness of 
sediments remains unknown. Drilling conditions encountered caused a loss of return circulation and large 
volumes of drilling mud were required to stabilize the hole, which often occurs in coarse-grained, water-
bearing units. A monitoring well was installed in this sediment package by the Grand River Conservation 
Authority, but at the time of writing this well had not been instrumented. Towards the north, the aquifer 
appears to become increasingly sporadic in distribution and the water-bearing boulders, cobbles and 
gravel are replaced by dirty gravel and cobbles with some diamicton (BH34-OF-2010). Drilling 
conditions were challenging and little matrix material was retained; however, drilling mud losses were 
minimal, inferring that either little water was present at this location or that the sediments were not very 
permeable. As previously discussed, the valley bottom gradually rises northwards to the Erin sill then dips 
down towards the escarpment. This trend is mirrored by the aquifer surface. The highest surface 
elevations of the aquifer are mapped near the town of Erin, dipping 10 m to the north and 40 m to the 
south. The undulating aquifer surface may infer deposition in a tunnel channel environment. A 
conservative approach was taken when mapping the valley-bottom deposits. The aquifer is shown to 
pinch out south of BH26-OF-2009 because the sparse data available did not show the aquifer as 
continuing. This also accounts for the sporadic distribution, particularly approaching BH34-OF-2010. 
While it is possible that the sediments are more continuous, it is equally possible that the sediments were 
eroded during the next ice advance. 



 

46 

 

Fi
gu

re
 1

6.
 A

) I
so

pa
ch

 m
ap

 o
f t

he
 P

re
-C

an
ni

ng
 a

qu
ife

r (
A

FF
1)

 B
) L

oc
at

io
ns

 o
f 3

-D
 p

oi
nt

s (
pi

ck
s)

 u
se

d 
to

 d
ef

in
e 

th
e 

aq
ui

fe
r s

ur
fa

ce
. 

 



 

47 

 

 
Photo 15. Examples of pre-Canning aquifer sediments. Each pictured core is 40 cm long and the top is to the left. A)  Heavy 
mineral-defined ripple drift cross-laminated sand, BH16-OF-2008. B) Rhythmically bedded, fining-upwards sand with heavy 
mineral laminations, BH16-OF-2008. A pebble is at the base of a fining-upward sequence (marked with an arrow). C) Sand (left 
of arrow) overlying granular sand (right of arrow) and gravelly sand with silt-clay rip-up clasts (right of image), BH16-OF-2008. 
D) Poorly sorted sand, gravel and cobbles with a thin sandy bed, BH16-OF-2008. E) Dirty sand and gravel, BH26-OF-2009. 
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Photo 15, continued. Examples of pre-Canning aquifer sediments. Each pictured core is 40 cm long and the top is to the left.  
F) An example of washed gravel (drilling artifact) interpreted as dirty sand and gravel, BH34-OF-2010. G) Part of a large 
boulder overlying bedrock, BH26-OF-2009. Notice the steeply dipping stylolites (marked with arrows). 

CANNING AQUITARD (ATE1) 

Stone-poor, fine-textured diamicton and glaciolacustrine sediments form a sporadic aquitard 
(Canning aquitard ATE1) in the western portion of the area and in the Rockwood buried-bedrock valley 
(Figure 17; Plates 2 to 4). These deposits are interpreted to be stratigraphic equivalents of Lake Erie shore 
bluff Bradtville till, Zorra township quarry Till B and Canning Till mapped in the subsurface in the 
Waterloo Region and Brantford–Woodstock 3-D areas (Bajc and Dodge 2011; Bajc and Shirota 2007; 
Bajc and Karrow 2004; Dreimanis, Terasmae and McKenzie 1966; Westgate and Dreimanis 1967). The 
mapped distribution of the sediments is sporadic (Plate 2) and this, combined with the lack of exposures 
will always raise questions regarding the correlation of till units within the Orangeville–Fergus area, 
previously completed OGS map areas, and the broader southwestern Ontario context. The pre-Canning 
aquitard coarse-textured till and Canning aquitard fine-textured till and glaciolacustrine deposits are 
distinctly different in the Orangeville–Fergus area and it was possible to distinguish between them in 
continuously cored boreholes with a high degree of confidence (Photo 16C). Picking the tops of 
successive aquitards was not as straightforward in the water well records, however, particularly in the 
absence of intervening aquifer deposits. It is possible that the relatively thin Canning aquitard was not 
identified in the water well records and that the aquitard is more continuous than has been mapped. It is 
also probable that this unit was more extensive over the model area but was eroded during development 
of a regional unconformity or during subsequent ice advances as suggested for adjacent areas (Bajc and 
Shirota 2007). 

The Canning aquitard averages between 5 and 20 m in thickness within the Rockwood buried-
bedrock valley (see Figure 17).  The surface is highest at the Erin sill (BH34-OF-2010), dipping both 
northeast towards the escarpment and southwest towards Guelph (Plate 3). The aquitard appears to be 
fairly continuous and probably forms an effective confining layer for the older aquifer. In boreholes 
BH26-OF-2009, BH33-OF-2010 and BH34-OF-2010 (southwest of the Erin sill) a greyish brown, stone-
poor silty till, was observed overlying aquifer AFF1 (Photo 16A, Plate 1). The till matrix is texturally 
consistent along the length of the valley as well as vertically throughout the sediment package. The matrix 
silt content averages 58% and beds or lenses of stratified sediments were not observed (see Table 5).  
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Photo 16. Examples of Canning aquitard sediments. Each pictured core is 40 cm long and the top is to the left. A) Stone-poor 
silty till from the Rockwood buried valley, BH33-OF-2010. B) Stony till with a red coloured matrix and abundant red shale clasts 
reflecting a local source, BH35-OF-2010. C) Canning aquitard silty till (left of arrow) overlying pre-Canning aquitard stony, 
sandy silt till, BH04-OF-2008. D) Silty till (left of arrow) overlying highly deformed glaciolacustrine sediments (right of arrow), 
BH01-OF-2008. The contact is sharp, but deformed. E) Highly deformed glaciolacustrine sediments (left of arrow) overlying  
in situ rhythmically bedded glaciolacustrine silt and clay (right of arrow), BH16-OF-2008.  
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Photo 16, continued. Examples of Canning aquitard sediments. Each pictured core is 40 cm long and the top is to the left.  
F) Clayey, silty till with a reddish matrix colour that is derived from red shale, BH32-OF-2010. G) Stone-poor silty till, BH15-
OF-2008. H) Deformed glaciolacustrine silt and clay with diamicton stringers interpreted as debris flows (marked with an arrow), 
BH09-OF-2008. I) Rhythmically bedded glaciolacustrine silt and clay (left of arrow) overlying silt (right of arrow), BH37-OF-
2010. 

The average dolomite and total carbonate contents are the lowest in the area at 8% and 29%, respectively, 
inferring deposition by lobate ice from the east that had not yet travelled over dolomite-rich bedrock. This 
is supported by the observed high proportion of small, rounded, black limestone pebbles, sourced from 
below the escarpment.  

Although these deposits have been interpreted as the stratigraphic equivalent to Canning Till, the 
lack of stratified sediments between these and the overlying Catfish Creek Till within the valley does 
raise the possibility that they were, in fact, deposited by early, lobate Catfish ice. The valley aquitard 
deposits are texturally similar to the lobate Catfish Creek tills identified in the northwestern to central 
portions of the area, but have lower dolomite and total carbonate contents (see Table 5) and clast 
lithologies dominated by limestone not dolostone (see Burt and Webb 2013 or the “Graphic Borehole 
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Logs” folder in the digital release for detailed graphic logs). A brownish-coloured till overlying Canning 
Till, glaciofluvial deposits and older tills but underlying Catfish Creek Till in the Kitchener and Guelph 
areas, informally named Catfish Creek Till finer-facies (Bajc and Karrow 2004; Karrow 1968), is another 
possible stratigraphically correlative sediment package. The finer-facies deposits are texturally very 
different, however, with 24% sand, 52% silt and 24% clay in the Kitchener area (Bajc and Karrow 2004) 
and 28% sand, 36% silt and 36% clay in the Guelph area. The carbonate content is higher in the finer-
facies tills at 34% and 35% in the Kitchener and Guelph areas, respectively, compared to 29% for the 
valley deposits.  The lack of dolomite in the valley deposits is the main contributing factor to this 
difference.  

A very different diamicton was observed at the same stratigraphic position in BH35-OF-2010, 
located just within the re-entrant section of the valley northeast of the Erin sill (Photo 16B). Here a 
stratigraphically equivalent diamicton lies directly over bedrock (Queenston Formation red shale) and the 
strong red colour in the matrix, as well as abundant red shale clasts, reflects a local source. The red 
diamicton was not observed in boreholes south of the Erin sill.  

The remaining Canning aquitard deposits, located in the west-central to northwest and far southwest 
of the area, are more sporadic (see Figure 17). The aquitard rarely exceeds 6 m in thickness and the 
surface elevation dips from a high of 470 m asl in the northwest down to 410 m asl in the east and 320 m 
asl in the southwest (Plates 3 and 4). The stratigraphy and sediments within the aquitard vary somewhat 
across the mapped extent. In the majority of boreholes (BH01-OF-2008, BH03-OF-2008, BH15-OF-
2008, BH24-OF-2009, and BH32-OF-2009) the pre-Canning aquitard (ATG1) stony, sandy silt till is 
blanketed with less than 1 to 2 m of quiet water glaciolacustrine silt and clay overlain by a typically thin, 
stone-poor, silty till and rarely, coarser textured sandy silt till (see Photo 16, Plate 1). Glaciolacustrine silt 
and clay overlain by silty diamicton was also observed in BH02-OF-2008 and BH16-OF-2008, but in 
these locations the aquitard is confining the sand and gravel aquifer AFF1. It is not clear whether the 
glaciolacustrine sediments were deposited in a lake formed during retreat of the older ice sheets or in a 
proglacial lake formed during a subsequent advance of lobate ice. The association of fining-upwards 
gravel to sand (aquifer AFF1), interpreted as an ice-contact or ice-proximal depositional environment that 
became increasingly distal over time, overlain by glaciolacustrine sediments of aquitard ATE1, does 
suggest an ice retreat scenario for this portion of the aquitard.  

In boreholes BH24-OF-2009 and BH32-OF-2009, located near the western edge of the area, the till 
has the distinct reddish tinge often associated with Canning Till and traditionally interpreted as indicative 
of an Erie–Ontario lobe source area below the escarpment (Photo 16F). However, recent updates in the 
Silurian stratigraphy point to younger red shale beds located to the northwest of the Orangeville–Fergus 
map area, raising the possibility of a Huron–Georgian Bay lobe source as was noted in the Brantford–
Woodstock area (Bajc and Dodge 2011). The reddish colour was not observed in the remaining Canning 
equivalent tills in the Orangeville–Fergus area, inferring the tills were deposited by a different ice lobe.  
A pre-Michigan Subepisode interlobate zone has been documented in other areas (e.g. Bajc and Dodge 
2011), and likely continues north into the Orangeville–Fergus area.  

In boreholes BH04-OF-2008, BH06-OF-2008 and BH09-OF-2008, located in the northwest corner 
of the area, a thin (<1 to 2 m thick), stone-poor, silty till with occasional silty lenses or beds is overlain by 
glaciolacustrine clay coarsening upwards to silt and clay and finally silt (Plate 1). The sediments are 
frequently deformed and contain rare beds of fine-textured diamicton (Photo 16H). The glaciolacustrine 
deposits are thickest in the centrally located BH09-OF-2008 becoming thinner towards the northwest and 
west. In boreholes BH06-OF-2008 and BH09-OF-2008 the coarsening-upwards trend continues into the 
silty sand and sand of the overlying aquifer (AFD1). This sequence and distribution of sediments are 
interpreted as deep water glaciolacustrine sediments deposited during ice retreat. The thin diamicton beds 
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are probably debris flows sourced from floating ice. Increasing inputs of silt and fine-textured sand may 
record the combined effects of lake drainage with a shift to more littoral sedimentation as well as the 
pulses of sediment typical of deposition in a distal subaquatic fan environment (BH09-OF-2008).  

When considered collectively, the borehole records suggest that aquitard ATE1 incorporates 
glaciolacustrine sediments deposited during the retreat of older ice sheets, tills that are stratigraphically 
equivalent to Canning Till, and glaciolacustrine sediments deposited during retreat of Canning ice. The 
timing of the Canning ice advance requires further investigation as new dating techniques become 
available. A deep, weathering profile was observed in the coarser-textured till of BH24-OF-2009, 
however, suggesting deposition during the Early Wisconsin or Illinois Episode. A similar weathering 
profile was observed in equivalent-aged till in the Zorra quarry near Ingersoll (Bajc et al. 2015) as well as 
in boreholes OGS-03-09 and OGS-04-02 in the Waterloo area (see Bajc and Shirota 2007). 

PRE-CATFISH AQUIFER (AFD1) 

A discontinuous, pre-Catfish aquifer is located in the western and northern portions of the model area 
(Figure 18). Deposits are more widespread, but still contain gaps or holes, within Waterloo Region (Plate 
11; Bajc et al. 2014). The aquifer is typically thin, rarely exceeding 10 m in thickness, but there are 
notable exceptions (Plate 4). As with other units, the surface elevation of the pre-Catfish aquifers dips to 
the east and southwest (Plate 3). The pre-Catfish aquifer is defined by a stratigraphic position directly 
below the Catfish Creek aquitard (see Figure 11). It overlies bedrock, the pre-Canning aquitard (ATG1) 
and the Canning aquitard (ATE1), comprising coarse- and fine-textured sediments deposited in both 
glacial and nonglacial depositional environments. This approach of mapping diverse sediments within a 
single hydrostratigraphic unit was also used in the Brantford–Woodstock 3-D map area (Bajc and Dodge 
2011). 

The Elora buried-bedrock valley, located in the southwestern portion of the area (see Figures 12 and 
13), typically contains up to 40 m, and rarely up to 55 m, of silt and sand, based on the results of previous 
drilling and geophysical work (Arai 1975; Chaitan 1976; Greenhouse and Karrow 1994; Jensen 1975; Lee 
1975). Greenhouse and Karrow (1994) suggest a lacustrine depositional environment for the valley fill, 
possibly dating back to the last interglacial. Current mapping shows that the aquifer fills the channel, 
spilling over the banks in its southern reaches. A groundwater management study prepared for the 
Township of Centre Wellington identified the valley fill as a locally important aquifer and raises the 
possibility of water from the man-made Belwood Lake recharging the aquifer system (Blackport 
Hydrogeology Inc. and Waterloo Hydrogeologic 2002).The pre-Catfish aquifer is not mapped within the 
Rockwood buried valley, but sporadic deposits were identified within the Hockley valley re-entrant. 
Thick valley aquifer deposits were also mapped in the Waterloo Region 3-D study (Bajc and Shirota 
2007; Marich et al. 2011). 

On the western side of the area, the pre-Catfish aquifer sediment package ranges from less than 1 m 
to greater than 7 m in thickness and is typically composed of 1 or 2 pulses of fine- to very fine-textured 
sand fining upwards to silty sand and occasionally silt, as observed in boreholes BH01-OF-2008, BH06-
OF-2008, BH09-OF-2008, BH10-OF-2008, BH16-OF-2008, BH27-OF-2009, and BH43-OF-2010 (Plate 1, 
Photo 17). In several boreholes (BH06-OF-2008, BH09-OF-2008, and BH43-OF-2010), these sediments 
form a coarsening-upwards depositional continuum of deep-water glaciolacustrine silt and clay (Canning 
aquitard ATE1), overlain by a combination of distal subaquatic fan and shallow glaciolacustrine deposits 
that may be attributed to increased sediment inputs to the lake. This is best illustrated in the gradually 
coarsening- then fining-upwards sequence observed in borehole BH09-OF-2008. The rare beds of 
gravelly sand and coarse- to medium-textured sand observed in borehole BH01-OF-2008 may represent 
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sediment inputs from a distributary channel. The glacial lake is interpreted to have formed during the 
break-up and retreat of Canning ice based on the observed stratigraphic position overlying Canning-
equivalent till. A notable exception is BH27-OF-2009 where the aquifer was deposited directly on 
bedrock, providing a hydraulic connection between the 2 units (Photo 17E). Thin beds and laminations 
(faulted and disturbed) containing finely disseminated organics were obtained from borehole BH10-OF-
2008, but did not yield dateable material (Photo 17F). Organic-rich sediments observed in pre-Catfish 
aquifers within the Waterloo Region area are probably recycled from older nonglacial deposits (Bajc and 
Shirota 2007; Marich et al. 2011).  

Between 5 and 10 m of coarse-textured sediments were observed in boreholes BH05-OF-2008, 
BH22-OF-2009 and BH38-OF-2010, located in the northern part of the area (Plate 1). The diamicton, 
dirty sand and gravel and rare beds of sand and gravel observed in the northernmost borehole (BH05-OF-
2008) are interpreted as ice-marginal deposits attributed to advancing Catfish Creek ice. Further south, the 
aquifer is dominated by gravel overlain by interbedded gravel and dirty sand and gravel (BH22-OF-2009 
and BH38-OF-2010) interpreted to represent an approaching ice margin. Similarly, the pre-Catfish aquifer 
in borehole BH28-OF-2009, located in a zone of small outliers to the southeast, is dominated by coarse- 
to medium-textured sand but still contains thin beds of diamicton and dirty sand and gravel (Plate 1). Ice-
advance glaciofluvial deposits were identified in the Waterloo Region area and were likewise attributed to 
the advancing Catfish Creek ice (Bajc and Shirota 2007). The glaciofluvial outwash of BH22-OF-2009 
and BH38-OF-2010 lies directly on bedrock, providing a hydraulic connection between these 2 aquifers. 
Sediment-laden water could have easily eroded the older aquitards, particularly in the thinner zones near 
their outer margins. It is possible that at other locations, there are traces of the older aquitards remaining 
that would partially confine the bedrock aquifers. Hints of this were observed in BH28-OF-2009 where a 
thin bed of diamicton was observed under the aquifer sands (Plate 1).  

Borehole BH40-OF-2010, located in the far south of the area, records a very different environment 
from the glacial sediments observed elsewhere. At this location, the aquifer comprises an alluvial 
sequence of dirty sand and gravel, pebbly sand and silty sand up to 2.5 m thick (Photo 17I; Plate 1). 
Wood fragments recovered from the organic-rich sediments were radiocarbon dated at more than  
52 200 14C years BP and 54 500 ±2900 14C yrs BP. These are considered to be infinite dates and can only 
provide a minimum age for the aquifer and underlying units. Samples submitted to the University of 
Toronto for pollen analysis contained a common interstadial assemblage dominated by boreal tree pollen, 
with the highest counts coming from pine and spruce (McAndrews and Turton, written communication 
2011). Oak and hickory are the only significant temperate trees represented at this site. The analytical 
report did not distinguish between transported, recycled or in situ pollen. Fern spores and cattail and white 
water lily pollen suggest wet conditions.  
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Photo 17. Examples of pre-Catfish aquifer (AFD1) sediments. Each pictured core is 40 cm long and the top is to the left.  
A) Rhythmically bedded sand fining upwards to silt, BH06-OF-2008. The top of a sequence is marked with an arrow. B) Ripple-
drift cross-laminated fine-textured sand, BH27-OF-2009. C) Planar bedded sand (left of arrow) overlying deformed sand, BH09-
OF-2008. D) Slightly gravelly sand, BH01-OF-2008. E) Pre-Catfish aquifer sediments (left of arrow) overlying bedrock (right of 
arrow), BH27-OF-2009.  
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Photo 17, continued. Examples of pre-Catfish aquifer (AFD1) sediments. Each pictured core is 40 cm long and the top is to the 
left. F) Catfish Creek Till (left of image) overlying highly deformed silty sand and organic-rich silty sand (marked with arrows), 
BH10-OF-2008. G) Ice-marginal, thinly bedded silty sand, sand and fine-textured gravel, BH28-OF-2009. H) Ice-marginal sand 
with silty laminations (left of arrow) overlying stony diamicton (right of arrow), BH22-OF-2009. I) Organic-rich, gritty alluvium, 
BH40-OF-2010. 

CATFISH CREEK TILL AQUITARDS AND AQUIFER (ATC1, AFC1, ATC2) 
Catfish Creek Drift, composed of lobate and regional flow and lodgement tills and stratified sediments, 
forms an important stratigraphic marker and regional aquitard in southwestern Ontario (see Bajc et al. 
2015). Within the Orangeville–Fergus area, the drift is thickest in the west and central regions (typically 
up to 22 m thick and occasionally up to 33 m thick) and is continuous except where dissected by the 
modern Grand River valley (Figure 19). The deposits thin, become increasingly sporadic and eventually 
pinch out towards the east and southeast. This trend continues southward into the Waterloo Region and 
Brantford–Woodstock areas (Plate 11). Noticeably thicker deposits are found in protected locations such 
as the deep re-entrant and buried-bedrock valleys mapped along the eastern and southern portions of the 
area. The surface elevation of the main Catfish Creek aquitard (ATC1) is highest in the northwest at  
495 m asl, dipping to 320 m asl in the southwest following the regional bedrock surface (Plate 3). A 
hummocky till surface was detected in the north-central portion of the area during the modelling process. 
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Although not well reflected in the final model, this is likely a drumlinized surface similar to that observed 
at surface in the later Port Stanley Till. 

There are a range of sediment facies within Catfish Creek Drift. In the northwest and central study 
area, there is a lower stone-poor silty till (Photo 18A) with an average grain size of 26% sand, 61% silt 
and 13% clay, calcite:dolomite ratio of 1.7 and average total carbonate of 42% (see Table 5). In adjoining 
areas this has been interpreted as an early lobate ice flow deposit that reflects incorporation of proglacial 
lake sediments (Bajc and Dodge 2011). This relationship was observed in BH09-OF-2008 (Plate 1) where 
silt and clay glaciolacustrine sediment is overlain by fine-textured till. In other locations the advancing ice 
margin is recorded by interbedded diamicton, dirty sand and gravel, sand, gravel and glaciolacustrine silt 
and clay (for example BH-15-OF-2008 and BH16-OF-2008). The early lobate deposits rarely exceed 5 m 
in thickness.   

Sediment deposited by thicker, regional ice flows during the last glacial maximum have a more 
widespread distribution. The most recognizable deposits are overconsolidated, somewhat stony to stony 
sandy silt till (Photo 18B and 18C). This “concrete-like” till is often recorded in water well records as 
“hardpan”. In the Orangeville–Fergus area, the till has an average matrix composition of 40% sand, 52% 
silt and 7% clay, calcite:dolomite ratios of 0.9 and total carbonate values of 51%. In the far south and in 
the northeast extending to the west-central portions of the area, the Catfish Creek drift package frequently 
encompasses till, diamicton and stratified sediments interpreted as glaciolacustrine sediments. These 
range from thin, highly deformed discontinuous to continuous laminations of silt and/or clay that have 
been partially incorporated into the till matrix (Photo 18G) to thicker beds of in situ and undisturbed to 
deformed silt and clay (Photo 18F) and occasionally sand and gravel. These sediments were observed as 
single or repeated but widely spaced beds, as thick packages of interbedded glaciolacustrine sediments 
and diamicton and as thick glaciolacustrine sediments with thin beds and stringers of diamicton. 
Comparable stratified deposits within Catfish Creek Till have been described across southwestern 
Ontario. Early research attributed these to deposition within a proglacial lake (e.g., Evenson, Dreimanis 
and Newsome 1977) but it is plausible that the juxtaposition of diamicton and fine-textured stratified 
sediment reflects deposition in either a subglacial or floating ice-shelf environment. 

The sandy stratified deposits occasionally reach thicknesses of up to 6 m and as with the Waterloo 
Region and Brantford–Woodstock areas an attempt was made to model them as a separate 
hydrostratigraphic unit (Photo 19; Plates 2 to 4). The resulting aquifer unit (AFC1) is based on 
continuously cored boreholes, and is only rarely augmented by nearby water well records (Plate 5), 
resulting in an extremely sporadic distribution. There are 2 clusters of deposits, one in the central portion 
of the area and the other in the far south. It is possible that the stratified deposits are more laterally 
continuous than the mapped distribution, but were not recorded in water well records. A monitoring well 
installed in BH25-OF-2009 by the Grand River Conservation Authority is screened in aquifer AFC1. The 
Lower Catfish Creek Till aquitard unit (ATC2) is only modelled where the Catfish Creek Till aquifer is 
present (Plates 2, 3 and 4).   

In several boreholes (for example BH02-OF-2008, BH12-OF-2008 and BH16-OF-2008; Plate 1) an 
upper finer textured diamicton was observed that is suggestive of a return to lobate flow associated with 
the initial breakup of Catfish Creek ice.  In other locations (for example BH22-OF-2009, BH23-OF-2009 
and BH39-OF-2010; Plate 1), the breakup of the regional ice-sheet is recorded by a complex package of 
interbedded diamicton, dirty sand and gravel, gravel, sand and glaciolacustrine silt and clay, interpreted as 
ice-marginal deposits. These sediments are overlain by the silt- and clay-rich diamicton and fine-textured 
glaciolacustrine sediments that comprise Maryhill Drift (Lower Erie Phase aquitard ATB3).  

As mapped, Catfish Creek Till is more extensive than the older pre-Canning (ATG1) and Canning 
(ATE1) aquitard deposits (see Plates 2 and 12 for unit distributions and Plates 7 and 8 for cross-sections). 
The till lies directly over bedrock in a broad band extending from the northeast to southwest, confining 
the bedrock aquifer in these areas. The pre-Catfish aquifer (AFD1) is also confined by Catfish Creek Till.  
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Photo 18. Examples of Catfish Creek aquitard (ATC1 and ATC2) sediments. Each pictured core is 40 cm long and the top is to 
the left. A) Stone-poor silty till interpreted as early lobate Catfish Creek Till, BH03-OF-2008. B) Typical overconsolidated, 
slightly stony, sandy silt Catfish Creek Till, BH10-OF-2008. C) Stony, sandy silt Catfish Creek Till with a granite cobble (centre 
of image), BH06-OF-2008. Note that the photographed core is 35 cm long. D) Dirty (slightly silty matrix) sand and gravel 
interpreted as an ice-marginal deposit, BH39-OF-2010. E) Sand bed (centre of photo) within silty sand diamicton (left and right 
of photo), BH23-OF-2009.  
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Photo 18, continued. Examples of Catfish Creek aquitard (ATC1 and ATC2) sediments. Each pictured core is 40 cm long and 
the top is to the left. F) Rhythmically bedded, laminated silt and clay with occasional very thin diamicton stringers overlying a 
thicker clayey silt bed. These glaciolacustrine sediments (between arrows) are within the Catfish Creek drift package. Catfish 
Creek Till is shown at the far left and far right, BH10-OF-2008. G) Debris flows of Catfish Creek diamicton with abundant highly 
deformed silt laminations, BH10-OF-2008. Note that the silt laminations appear white because the core has started to dry out. 

 
Photo 19. Examples of Catfish Creek aquifer (AFC1) sediments. Each pictured core is 40 cm long and the top is to the left.  
A) Weakly bedded very fine-textured sand and silty very fine-textured sand with occasion ripple-drift cross-laminations, BH37-
OF-2010. Note the low-angle fault (marked by an arrow), B) Deformed (faulted) silt and fine-textured sand (left of image) 
overlying medium-textured sand (right), BH27-OF-2009. Note the holes, interpreted as gas escape structures (marked with an 
arrow), in the medium-textured sand. C) Beds of cobble gravel (left of arrow), diamicton (between arrows) and silt (right of 
arrow), BH27-OF-2009. The “glitter” on the cobbles and gravel is an additive to the drilling mud used to maintain circulation in 
gravel. 
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LOWER ERIE PHASE (VALLEY FILL) AQUIFER (AFB3) 

The Lower Erie Phase aquifer consists of thick deposits confined to the Hockley Valley, Mono, Alton and 
Rockwood re-entrant – buried-bedrock valleys and thin, highly sporadic deposits located in a southwest-
trending band across the area. The bedrock valley fills are mapped as 20 to 45 m thick, and locally up to 
65 m thick, pinching out towards the valley heads (Figure 20). The Rockwood valley aquifer pinches out 
over the Erin sill, forming 2 distinct segments. The northern segment is confined to the re-entrant valley 
north of the Erin sill and the southern segment is confined to the buried-bedrock valley south of the sill. 
The Alton valley aquifer appears to be continuous along the length of the valley joining the Rockwood 
valley aquifer near the escarpment re-entrant, while the Hockley valley aquifer is discontinuous.  

A decision was made to drill 4 boreholes along the Rockwood valley in order to better understand 
textural trends in the valley fill, rather than drilling 1 hole in each valley which would have only 
confirmed the presence of known aquifers. The Erin sill and resulting aquifer pinch-out was discovered in 
borehole BH34-OF-2010. Between 45 and 55 m of variably bedded cobbles, gravel, sand and silt, that 
form 2 or more distinct fining-upwards cycles, was observed in the remaining boreholes (BH35-OF-2010, 
BH33-OF-2010, and BH26-OF-2009; Photos 20A to 20F; Plate 1). The coarsest sediments (cobbles, 
gravel and gravelly sand) were observed in the basal sections of each cycle in the most northerly borehole 
(BH35-OF-2010). Mid-valley (BH33-OF-2010), the basal sediments are dominated by gravelly sand and 
coarse-textured sand while coarse- and medium- textured sand were observed further south (BH26-OF-
2009; Photos 20E and 20F). These textural trends suggest a northerly sediment source and it is probable 
that the valley fill sequence is finer textured towards the south. The Erin sill would have required 
sediment laden water to flow up-hill, suggesting confined flow conditions in a subglacial environment.  

The valley fill aquifer is important for several reasons. Although the thick gravel and sands overlie 
one or two older aquitards (the Catfish Creek Till (ATC1) and/or Canning (ATE1) aquitard) and are 
probably not hydraulically connected to the Pre-Canning valley bottom aquifer (AFF1), they are in 
contact with bedrock along the valley walls. This means that, depending on fluctuations in hydraulic 
heads (natural or induced), the valley fill may recharge or receive water from the bedrock aquifer. It may 
also serve as a mixing zone for water from multiple bedrock formations. Division of the valley fill aquifer 
into 2 segments further complicates the situation hydrogeologically, as water in the northern segment may 
act independently of water in the southern segment.  

The remaining Lower Erie Phase aquifer deposits are quite different in their character. The deposits 
are much thinner, rarely exceeding 10 m in thickness, are highly sporadic with individual deposits ranging 
from less than 1 km2 to 9 km2 at their maximum extent and have upper surfaces that dip south and 
southwest, following the regional bedrock surface (Figure 20; Plate 3). The deposits overlie the Catfish 
Creek Till aquitard and were likely deposited in a growing lake (subglacial or interlobate) as break-up of 
the ice progressed. Similar sporadic sand and gravel deposits were mapped in Waterloo Region (Bajc and 
Shirota 2007; Plate 11). Fifteen metres of cobble gravel overlain by interbedded coarse- and fine-textured 
sand and occasionally gravel was observed in the centrally located borehole BH38-OF-2010 (Plate 1). 
This is interpreted as a waning flow, ice-proximal, glaciofluvial deposit. Further south (BH39-OF-2010), 
the aquifer is composed of coarsening- then fining-upward beds of gravelly sand, sand, and silty sand 
interbedded with silt and clay. While not mapped as physically connected (coarse-textured sediments 
were not observed in intervening low quality records) these sediments are interpreted as a subaqueous fan 
that may represent the more distal reaches of the previously described ice-proximal sediments. It is 
anticipated that these thin, small and sporadic deposits will only be of local significance as aquifers. 
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Photo 20. Examples of Lower Erie Phase aquifer (AFB3) sediments. Each pictured core is 40 cm long and the top is to the left. 
A) Part of 2 rhythmically bedded sequences of sand fining upwards to laminated silt, BH33-OF-2010. Heavy mineral-defined 
ripple-drift cross-laminated sand (left side of image) overlying silty very fine-textured sand (centre of image) marks the base of 
the second sequence (contact is marked with an arrow). B) Heavy mineral-defined ripple-drift cross-laminated sand, BH33-OF-
2010. C) Foresets in fine- and medium- to coarse-textured sand, BH06-OF-2008. D) Coarse-textured sand with weak texturally 
defined cross-bedding (left of arrow) overlying weak, texturally defined ripple-drift cross-laminated fine-textured sand, BH35-
OF-2010. E) Granular to gravelly coarse-textured sand (left) with a small very fine-textured sand clast (centre of image, marked 
with an arrow) overlying coarse-textured sand with occasional heavy mineral laminations (right of arrow), BH33-OF-2010.  
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Photo 20, continued. Examples of Lower Erie Phase aquifer (AFB3) sediments. Each pictured core is 40 cm long and the top is 
to the left. F) Gravel with a sandy matrix, BH33-OF-2010. G) Fine- to medium-textured sand (left of arrows) overlying beds of 
fine-textured sand fining upwards to silt (upper contacts are marked with arrows). The sand and silt beds are deformed by faults 
(marked by left arrow) and loading (marked by right arrow), BH26-OF-2009. H) Sand with thin beds of laminated, very fine-
textured sand and silt that has been faulted and offset (marked by an arrow), BH33-OF-2010.  

LOWER ERIE PHASE AQUITARD (ATB3) 

The silt- and clay-rich Lower Erie Phase aquitard is laterally continuous across the central region of the 
Orangeville–Fergus map area, where it is typically up to 15 m thick and locally up to 35 m thick  
(Figure 21). Towards the south and east, the aquitard thins and becomes increasingly sporadic. It does 
become somewhat thicker and more continuous in the southwest corner, a trend that continues into 
Waterloo Region (Bajc and Shirota 2007). The upper surface dips towards the south and east towards the 
escarpment, following the regional bedrock trend (Plate 3). The thickest deposits are located within the 
Hockley Valley re-entrant (over 60 m thick) and near the mouth of the Rockwood and Alton re-entrant 
valleys (up to 40 m thick). The aquitard overlies the Lower Erie Phase aquifer (AFB3), forming an 
effective confining layer except for small windows where it has been dissected by modern streams.  

The aquitard consists of typically, stone-poor, silt- to clay-rich diamicton, occasional beds of silt and 
sandy silt diamicton, and glaciolacustrine silt and clay with rare beds of silty sand, collectively referred to 
as Maryhill Drift (Photo 21, Plate 1). The diamicton has an average composition of 13% sand, 74% silt 
and 13% clay, an average carbonate content of 41% and the highest average calcite to dolomite ratios of 
all diamicton in the Orangeville–Fergus area (see Table 5). This unit has a complex internal stratigraphy, 
with packages of variably bedded diamicton either overlying, underlying or interbedded with 
glaciolacustrine sediments. The glaciolacustrine sediments may be highly deformed.  These sediments 
reflect the interplay of ice and water during the breakup of Catfish Creek ice. Meltwater may have ponded 
first under the thinning ice, forming a subglacial lake, and then as an ice-walled lake between the  
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Photo 21. Examples of Lower Erie Phase aquitard (ATB3) sediments. Each pictured core is 40 cm long and the top is to the left. 
A) Somewhat stony, silty clay diamicton, BH09-OF-2008. B) Stone-poor, silty clay diamicton, BH09-OF-2008. C) Silty 
diamicton with abundant red shale clasts interbedded with deformed, glaciolacustrine, laminated very fine-textured sandy silt and 
silt, BH35-OF-2010. Contacts are marked by arrows. D) Faulted and offset rhythmically bedded and laminated silt, silty clay and 
clay with diamicton stringers (left side and centre of image) overlying silty clay diamicton (right side of image), BH09-OF-2008. 
The reddish colour in the silty clay and clay is likely derived from the Queenston shale, which subcrops (and occasionally 
outcrops) below the Niagara Escarpment in the Orangeville–Fergus area. Note the high-angle fault (marked by an arrow).  
E) Very highly deformed glaciolacustrine silt and clay with stringers and beds of diamicton, BH17-OF-2009.  
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Photo 21, continued. Examples of Lower Erie Phase aquitard (ATB3) sediments. Each pictured core is 40 cm long and the top is 
to the left. F) Rhythmically bedded couplets of laminated silt with thin clay caps, BH31-OF-2009. G) Part of 2 sequences of 
rhythmically bedded, fine-textured sand fining upwards to laminated silt with a thin clay cap (marked by right arrow), BH22-OF-
2009. Note the laminated silt coarsening upwards to sand at the base of the upper sequence (between arrows). H) Somewhat 
stony silt to clay till (left of arrow) overlying somewhat stony sandy silt Catfish Creek Till with occasional red shale clasts (right 
of arrow), BH28-OF-2009. Note the sharp but deformed contact.  

retreating Ontario, Huron–Georgian Bay and Simcoe lobe ice-margins. The interlobate zone extended 
from the Orangeville–Fergus map area southwest through the Waterloo Region and Brantford–
Woodstock map areas. As observed to the southwest, the diamicton encompasses sediment deposited 
under a floating ice shelf (or within a subglacial lake) and at the ice margin (Bajc and Dodge 2011). 
Relatively undisturbed glaciolacustrine sediments were observed in a centrally located, southwest-
trending line of boreholes (BH12-OF-2008, BH39-OF-2010, BH37-OF-2010, and BH22-OF-2009) while 
boreholes to the northwest and southeast are typically composed of deformed glaciolacustrine sediments 
overlain with diamicton (Photo 21, Plate 1). This line of boreholes probably marks both the deepest part 
of the growing lake and the greatest distance from the ice-margins. Boreholes located in the west (BH09-
OF-2008, BH10-OF-2008, and BH32-OF-2009) are typically composed of diamicton overlain by 
glaciolacustrine sediments. This area may have remained ice covered somewhat longer, delaying 
deposition of the glaciolacustrine sediments. The aquitard is not present in the northwest or southeast 
corners of the model area suggesting limits on the extent of the interlobate lake. It is possible, however, 
that sedimentation was concentrated in low areas or that subsequent ice advances eroded the fine-textured 
glaciolacustrine deposits as has been suggested in other areas (Bajc et al. 2015; Mörner and Dreimanis 
1973). The presence of thick silt and clay-rich sediments within the re-entrant valleys (observed in high 
and low quality data sets) indicates that the ice margin remained at the Niagara Escarpment for a 
considerable period of time supporting the lake on its eastern margin.   
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UPPER ERIE PHASE (ORANGEVILLE MORAINE) AQUIFER (AFB1) 

The upper Erie Phase aquifer is dominated by the northeast- to centrally located accumulation of sand and 
gravel comprising the Orangeville Moraine. The moraine was deposited in an ice-walled lake during the 
initial breakup of Catfish Creek ice. The moraine sediments are more laterally extensive than is mapped at 
surface, reaching beyond the western edge of the map area. The moraine is typically up to 40 m thick and 
locally in excess of 60 m thick (Figure 22). The thickest sediments form a series of local highs that rise 20 
to 30 m above the main moraine surface. There are 2 large and somewhat irregularly shaped depressions 
in the moraine; one located south of Orangeville and another between boreholes BH14-OF2008 and 
BH39-OF-2010. These were probably formed by large blocks of stranded ice that slowly melted in place 
following construction of the moraine. The surface of the moraine dips down in all directions (Plate 3). 
This is most pronounced in the south and east where it follows the regional bedrock surface. The moraine 
surface is lower and more subdued where it extends into the subsurface, buried beneath later tills. The 
flatter topography may reflect the effects of overriding ice.  It may also be an artifact of the modelling 
process, resulting from reliance on low-quality legacy data.  

The upper Erie Phase aquifer includes numerous sporadic subsurface deposits located east and south-
east of the Orangeville Moraine (see Figure 22). The majority of these are thin and, as mapped, have little 
topographic expression, simply draping over older sediments and following the regional bedrock dip. 
There are 2 notable exceptions near the town of Erin where the aquifer sediments rise more than 50 m 
above the surrounding landscape. The aquifer is capped by till, but groundwater piping has since partially 
exposed it. The 2 distinct highs were likely deposited as a single landform that was subsequently bisected 
by meltwater. There are also thick accumulations of aquifer AFB1 forming part of the Hockley valley fill.  

Stratigraphically, the Orangeville Moraine overlies the fine-textured diamictons and silt- and clay-
rich glaciolacustrine deposits of the lower Erie Phase aquitard (ATB3) and, in places, the main Catfish 
Creek Till aquitard (ACT1) (see Plates 2 and 7 to 10). The contiguous central and northeastern portions of 
the moraine are exposed at surface, while the flanks, western extension and sporadic deposits to the east 
and south, are confined by fine- and coarse-textured tills of the Port Bruce Phase aquitard (ATB1). The 
exposed portion of the moraine is the single largest groundwater recharge area within the Orangeville–
Fergus area.  

Depositional landforms and aggregate pits operating within the northeast portion of the Orangeville 
Moraine provide a wealth of information on the depositional history of the moraine (see Burt 2011 for 
detailed descriptions, photographs and interpretations of pits). Several pits operating in the northeast 
corner of the study area and beyond were documented by the Geological Survey of Canada, providing 
supplementary information (Cummings and Russell 2008).  

The coarsest Orangeville Moraine sediments were observed in a pit located northeast of borehole 
BH16-OF-2008 (see Figure 7 for locations of aggregate pits). Sheet-like and laterally extensive beds of 
massive- to weakly imbricated small boulders, cobbles and gravels (bar core) overlain by cross-bedded 
gravels and cobble gravels (bar front) that, in turn, are interfingered with, and overlain by, trough cross-
bedded gravel, gravelly sand and sand (side channels) are consistent with high-energy glaciofluvial 
deposits such as those found in an ice-proximal setting (Cowan 1984; Photo 22). Further southwest, thick 
beds of trough cross-bedded cobble gravel, gravel, and sand record high-energy sedimentation further 
from the main sediment source. Several thin beds of rippled, fine-textured sand and silty sand were 
interbedded with the granular sand and are indicative of much lower flow conditions possibly resulting 
from seasonal(?) pulses. Continuing south, thick sandy sediments characterised by multiple inset broad 
shallow scours filled with diffusely graded to weakly bedded sand records rapid sedimentation in a mid-
subaqueous fan setting. Rhythmically bedded sheets of diffusely graded, planar-bedded or rippled sand 
and rippled, fine-textured sand to silt indicate progressively lower flows and more distal settings. Similar  
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sequences of proximal coarse-textured cobbles and gravel overlain by more distal, but still high energy, 
sands were also observed in pits further north. A large, steep-sided, southwest- then south-trending esker 
ridge, located east of Orangeville, marks the position of one conduit feeding the growing fans. Paleoflows 
were measured and/or estimated on a range of sedimentary structures including channel orientations, 
planar- and trough cross-bedding and ripples. The flow directions were remarkably consistent ranging 
from south-southwest to west-southwest.  

Numerous boreholes were drilled across the moraine and beyond providing information on the finer 
textured and buried portions of the aquifer. In the centrally located borehole BH16-OF-2008, thick beds 
of stratified ice-contact or ice-proximal gravel and sandy gravel are overlain by more than 15 m of coarse- 
to fine-textured sand, silty sand and silt deposited in beds of variable thickness that collectively record 
repeated coarsening and fining upwards trends (Plate 1). An even thicker package (over 50 m in total) of  

 

Photo 22. Examples of Orangeville Moraine (AFB1) sediments exposed in aggregate pits. The red and white scale is 1 m long 
and is divided into 10 cm sections. A) Bar core cobbles (below lower arrow) overlain by bar front cobble gravel with large 
foresets, interpreted as avalanche faces, (between arrows) overlain by channel sand and gravel with broad scour and fills (above 
top arrow). B) Thick cross-bedded sand and gravel. There is a broad channel scour and fill feature near the top of the photo. The 
base of the channel is marked by an arrow.  
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beds of sand, silty sand and silt was observed in borehole BH15-OF-2008 located to the southwest. Based 
on observations made in the pit exposures, these sediments are interpreted as mid- to distal-subaqueous 
fan deposits. Boreholes drilled further south and southwest, but still in the exposed portion of the moraine 
(BH02-OF-2008, BH12-OF-2008, BH13-OF-2008, and BH39-OF-2010), as well as holes drilled in the 
buried moraine flanks (BH08-OF-2008, BH10-OF-2008, BH14-OF-2008, BH22-OF-2009, BH23-OF-
2009, BH32-OF-2009, BH37-OF-2010, and BH38-OF-2010) were dominated by fine-textured sand, silty 
sand and silt interpreted as distal subaqueous fan facies (Photo 23). These distal fan sediments range from 
less than 5 to over 35 m in thickness. The boreholes variably record multiple fining-upward sequences 
interpreted as repeated pulses of sediments being deposited across a fan surface or 1 (and occasionally 2) 
coarsening-upwards trends interpreted as deposition on a prograding fan. Similar, although typically 
thinner, sediments were observed in boreholes drilled in the sporadic buried aquifer deposits located east 
and south of the moraine. Boreholes BH17-OF-2009 and BH31-OF-2009, in particular, are dominated by 
sandy silt and silt recording the furthest extent of fan deposition (Plate 1). These sporadic deposits are 
likely the combined result of “fingers” of sediment deposited beyond the main fans and erosion of these 
deposits by subsequent ice advance.  

 

Photo 22, continued. Examples of Orangeville Moraine (AFB1) sediments exposed in aggregate pits. C) Thick, rhythmically 
bedded, cross-bedded sand and gravel with ripple-drift cross-laminated sand and silt (one of the sand and silt beds is marked with 
an arrow). The pit face is approximately 4 m high.  D) Medium- to thick-, rhythmically bedded, planar-bedded sand and ripple-
drift cross-laminated, fine-textured sand and silt (one of the sand and silt beds is marked with an arrow). The pit face is 
approximately 2 m high. 
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Photo 23. Examples of Orangeville Moraine (AFB1) sediments from boreholes. Each pictured core is 40 cm long and the top is 
to the left. A) Texturally defined, laminated, very fine-textured sand and silt, BH12-OF-2008. B) Two sequences of rhythmically 
bedded, heavy mineral-defined, ripple-drift cross-laminated, fine-textured sand fining upwards to texturally defined, ripple-drift 
cross-laminated sandy silt and silt, BH15-OF-2008. The top of one sequence is marked with an arrow. C) Heavy mineral-defined, 
ripple-drift cross-laminated medium-textured sand, BH15-OF-2008. D) Heavy mineral (left of image) and texturally defined 
(centre and right of image) planar-bedded sand, BH15-OF-2008. E) Cross-bedded, coarse- and medium-textured sand,  
BH16-OF-2008. 
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Photo 23, continued. Example of Orangeville Moraine (AFB1) sediments from boreholes. Pictured core is 40 cm long and the 
top is to the left. F) Cobble gravel, BH16-OF-2008. Note that the matrix is washed away during drilling. Drilling mud is visible 
between the clasts. 

PORT BRUCE PHASE AQUITARD (ATB1) 

The Port Bruce Phase aquitard forms the surface aquitard across most of the Orangeville–Fergus area 
(Figure 23), partially confining the Orangeville Moraine aquifer (AFB1). The aquitard is typically up to 
25 m thick (locally up to 45 m thick) and is composed of tills deposited by lobate ice and associated fine-
textured glaciolacustrine sediments. The surface expression ranges from gently rolling in the southwest to 
low flutes and drumlins in the northwest to large, well-formed drumlins in the southeast. The surface dips 
away from the Orangeville Moraine and southward following the regional bedrock surface (Plate 3). The 
aquitard commonly overlies the Upper Erie Phase (Orangeville Moraine) aquifer (AFB1), the Lower Erie 
Phase aquitard (ATB3) and the Main Catfish Creek Till aquitard (ATC1) and rarely overlies the Lower 
Erie Phase aquifer (AFB3), the Canning aquitard (ATE1) and bedrock (see Plates 7 and 8). Numerous 
outwash channels (aquifer AFA2) and modern streams, concentrated south and east of the moraine, 
dissect the aquitard forming hydraulic windows allowing recharge as well as increasing the vulnerability 
of underlying aquifers.  

The tills forming the Port Bruce Phase aquitard are highly variable which results from different 
source areas. Georgian Bay lobe Tavistock Till, located northwest of the Orangeville Moraine, is typically 
stone-poor with a silt to clayey silt matrix (Photo 24). Calcite to dolomite ratios average 1.4 and total 
carbonate averages 43%. A coarser grained sandy silt facies was also observed in many boreholes (see 
Table 5). Thin, discontinuous, fine- and coarse-textured glaciolacustrine and postglacial organic sediments 
are found in depressions across the till surface. Erie–Ontario lobe Port Stanley Till, located southeast of the 
Orangeville Moraine, is typically a stony, silty sandy till and, as such, is much coarser than Tavistock Till 
(see Photo 24). Calcite to dolomite ratios average 1.5 and total carbonate averages 42%, despite the 
differences in texture and source area. Rare, isolated pockets of postglacial organic sediments are found in 
depressions on the till surface. A previously unmapped Simcoe lobe till, informally referred to as the 
upper sandy till, is located in the northeast corner of the map area (for detailed descriptions see Burt 
2011). This till is a fissile, stony, sandy till with average calcite to dolomite ratios of 1.1 and total 
carbonate of 45% (see Photo 24). There is a small patch of stony, sandy silt Simcoe lobe Newmarket Till 
in the far northeast corner of the map area. The Singhampton Moraine traditionally marks the maximum 
advance of this ice within the area (Cowan 1976). The upper metre of all the tills exhibit calcite leaching. 
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Photo 24. Examples of Port Bruce Phase aquitard (ATB1) Tavistock Till, Port Stanley Till and upper sandy till. Each pictured 
core is 40 cm long and the top is to the left. A) Stony, silty Tavistock Till overlying overconsolidated, stony, sandy silt Catfish 
Creek Till, BH24-OF-2009. The contact is marked with arrows. B) Slightly stony, silty Tavistock Till, BH24-OF-2009.  
C) Deformed glaciolacustrine laminated silt, silty clay and clay (left of arrow) overlying stone-poor, silty clay Tavistock Till 
(right of arrow), BH32-OF-2009. D) Rhythmically bedded and laminated silt and silty clay with rare sandy laminations,  
BH38-OF-2010. Note the pebble dropstone (marked with an arrow). E) Oxidized, somewhat stony, sandy silt Port Stanley Till, 
BH33-OF-2010. 
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Photo 24, continued. Examples of Port Bruce Phase aquitard (ATB1) Tavistock Till, Port Stanley Till and upper sandy till. Each 
pictured core is 40 cm long and the top is to the left. F) Somewhat stony, sandy silt Port Stanley Till (left of arrow) overlying a 
thick silt bed (right of arrow), BH33-OF-2010. G) Softer stony, sandy silt Port Stanley Till, BH40-OF-2010. H) Slightly stony, 
sandy till (informally named upper sandy till), BH23-OF-2009.  

CALEDON–GRAND RIVER OUTWASH AQUIFER (AFA2) 

The Caledon–Grand River Outwash aquifer is located sporadically across the Orangeville–Fergus area 
with the highest concentration of deposits found in the northeast quadrant (Figure 24). The aquifer 
comprises late-glacial accumulations of gravel and sand deposited as lobate ice receded from the 
Orangeville Moraine. This aquifer is stratigraphically younger than the centrally located Orangeville 
Moraine aquifer and older than the Wentworth aquifer (AFA1), irrespective of its elevation on the 
landscape. The aquifer is exposed at surface across most of its mapped extent and is vulnerable to surface 
contamination. The Paris Moraine was observed overlying a small portion of the aquifer northeast of the 
map area, but is not extensive enough to provide much protection. 

The thickest (typically up to 25 m thick and locally up to 45 m thick) and most laterally continuous 
deposits are coarse-textured glaciofluvial outwash deposited within the Hockley Valley, Alton and 
Rockwood re-entrant valleys (see Figure 24). There are additional thick outwash deposits located south of 
Orangeville and east of Fergus which are either perched above the surrounding landscape or incised into 
broad channels on the flanks of the Orangeville Moraine. The outwash has a flat upper surface that dips 
gently in the direction of meltwater flow, typically towards the southwest, and steep, northeast- and east-
facing ice-contact slopes that record temporary ice margins. These deposits are currently being exploited 
for aggregate, both above and below the water table and most pits were visited during the current project  
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(see Burt 2011 for detailed descriptions and photos of outwash deposits). The outwash is characterized by 
thick beds of cobble and pebble gravel, thin sheet-like beds of gravel and sand as well as gravel and sandy 
channel fills that were deposited as large bars migrated downstream (Photos 25 and 26). Occasional beds 
and lenses of fine-textured sand and laminated silt and clay mark a shift to quiescent conditions as 
individual channels were abandoned (see Photo 25). An overall decrease in grain size occurs in the more 
distal reaches of the outwash channels.  The high velocity meltwater flows required to transport and  

 
Photo 25. Examples of Caledon–Grand River Outwash aquifer (AFA2) sediments exposed in aggregate pits. The red and white 
scale is 1 m long and is divided into 10 cm sections. A) Cobble gravel outwash (above arrow) overlying silty clay till (below 
arrow) that forms part of the Lower Erie Phase aquitard (ATB3). The outwash channel was incised through the Port Bruce Phase 
aquitard (ATB1). B) Bar core cobble gravel. C) Imbricate cobble gravel. Flow was from right to left.  
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deposit the outwash cobble gravels have partially eroded the underlying sediments so that the outwash 
overlies the Orangeville Moraine aquifer (AFB1) and the Port Bruce Phase (ATB1) and Lower Erie Phase 
(ATB3) aquitards. As modelled, the outwash aquifer does not appear to be hydraulically connected with 
the older valley fill aquifer (AFB3). The typically coarse-textured character of the outwash means it is 
possible to identify the base of this unit, even in low quality records.  

Thinner (typically less than 15 m thick and locally up to 25 m thick) and more sporadic glaciofluvial 
outwash deposits are located within channels across the southern and northwestern portion of the study 
area (see Figure 24). These deposits have a greater extent than what has been mapped; it was not possible 
to capture very thin or narrow local deposits. As with the previously described re-entrant outwash, these 
local deposits are dominated by cobbles and gravel with minor contributions of sand and silty sand. Flow 
directions are more variable than in the re-entrant valley outwash deposits, reflecting the sinuous path of 
the incised channels. The outwash channels are incised through the Port Bruce Phase (ATB1) and Lower 
Erie Phase (ATB3) aquitards and, in places, through the older Catfish Creek Till (ATC1, ATC2), Canning 
(ATE1) and pre-Canning (ATG1) aquitards, forming windows to the underlying bedrock aquifer.  

A broad sand and gravel esker complex, located in the northwest corner of the area, has been mapped 
as part of the outwash aquifer as it has an extensive surface expression. This, and other smaller eskers, 
would have been deposited at the same time as the surrounding tills and, for the most part, have not been 
mapped separately. Very little information was available, but it is highly unlikely that the esker sediments 
are hydraulically connected with older sediment aquifers or the bedrock aquifer. The sand and gravel can 
be expected to become finer textured to the southeast along the direction of meltwater flow. Other highly 
sporadic and typically very thin glaciofluvial or coarse-textured glaciolacustrine deposits overlie the 
upper aquitard and would have little or no impact on the main groundwater resource. 

 

Photo 25, continued. Examples of Caledon–Grand River Outwash aquifer (AFA2) sediments exposed in aggregate pits. The red 
and white scale is 1 m long and is divided into 10 cm sections. D) Bar front avalanche faces. Flow was from right to left.  
E) Planar- and cross-bedded granular sand and sand in a broad, shallow channel incised into imbricate cobble gravel (base of 
channel is marked with an arrow). Channel flow was out of the face. 
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Photo 26. Examples of borehole Caledon–Grand River Outwash aquifer (AFA2) sediments. Each pictured core is 40 cm long and 
the top is to the left. A) Dirty sand and gravel overlying clayey silt glaciolacustrine sediment from the Lower Erie Phase aquitard 
(ATB3), BH35-OF-2010. The contact is at the far right side of the image. B) Granular, coarse-textured sand, BH35-OF-2010.  
C) Beds of coarse-textured sand, granular sand and sandy gravel, BH34-OF-2010. D) Gravel, BH35-OF-2010. Note that the 
matrix was washed away during drilling and drilling mud is visible between the clasts. E) Cobble gravel, BH35-OF-2010. Note 
that the matrix was washed away during drilling and drilling mud is visible between the clasts. 
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PARIS MORAINE AQUITARD (ATA2-2) 

Wentworth Till, located in the southeast corner of the map area, has been mapped as 2 separate 
hydrostratigraphic units. These are the Paris Moraine aquitard which encompasses the moraine ridge and 
slopes (ATA2-2) and the Wentworth Till aquitard (ATA2-1) which will be discussed in the next section. 
Site-specific studies have endeavored to subdivide the Paris moraine and model individual landform–
facies associations; however, this was not warranted at a regional scale. In the Orangeville–Fergus area, 
the Paris Moraine ranges from 1 km wide in the north to 5 km wide in the south of the area, is typically 
less than 35 m thick and is locally up to 55 m thick (Figure 25). The surface of the moraine is very 
hummocky and is characterised by numerous small, steep-sided, closed depressions interrupted by local 
highs. Previous mapping has shown that the moraine is composed of eskers, fans and debris flows with 
gaps in the moraine crest resulting from meltwater streams (Russell, Cummings and Sharpe 2009).  

Ice-marginal depositional environments are highly dynamic and, as may be anticipated, the moraine 
sediments are variable and have little lateral continuity. Debris flows (soft, stony to very stony, sandy silt 
diamicton and beds of dirty gravel up to 5 m thick), stratified sediments deposited by meltwater (beds of 
sand and gravel) and even glaciolacustrine sediments (rare beds of sand and silt) are represented within 
the moraine (Photo 27). Ice-push deformation, evident in large overturned fold features in a pit northeast 
of the map area, further complicates the sediment record (Photo 28). This complexity is evident in both 
high quality boreholes (BH18-OF-2009, BH29-OF-2009, and BH30-OF-2009; Plate 1) and low quality 
legacy data sets. Water well records suggest a fairly high proportion of gravel within the moraine; 
however, this is probably over-represented because of the very stony nature of the diamicton. It is not 
until the Paris and more easterly Galt moraines divide, well south of the current area, that sand and gravel 
dominate the record (Bajc 2009).  

The Paris moraine delineates the maximum extent of the Mackinaw Phase advance of Ontario lobe 
ice into the Orangeville–Fergus map area. In the north, the Paris moraine is separated from older Port 
Bruce Phase Port Stanley Till (ATB1) by the Caledon outwash aquifer (AFA2) as observed in a pit 
northeast of the current area and interpreted in borehole BH18-OF-2009 (see Photo 28). A similar 
relationship of Wentworth Till overlying outwash exists in the Waterloo Region area (Bajc and Karrow 
2004). These observations provide supporting evidence for at least a minor fluctuation in the ice margin. 
Moving south and eastward, Port Stanley Till is modelled as pinching out, as it is not possible to separate 
the tills with any degree of certainty. Here the Paris Moraine is mapped directly over bedrock.  

In the Orangeville–Fergus area, the Paris moraine is mapped as an aquitard, and is dominated by 
diamicton, but the stratified and dirty gravel beds observed at or near surface and deeper within the 
moraine package, as well as the abundance of closed depressions likely enhance groundwater recharge by 
collecting surface runoff (Blackport Hydrogeology Inc. 2005). The importance of the moraine for 
recharging the city of Guelph’s bedrock aquifers has been observed (Sadura, Martini and Endres 2009) 
while storage in hummocky terrain depressions has been suggested as a possible explanation for a slow 
base flow response within the Blue Springs Creek (Black Creek) sub-watershed (Piggot and Sharpe 
2009).  
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Photo 27. Examples of core from the Paris Moraine aquitard (ATA2-2). Each pictured core is 40 cm long and the top is to the 
left. A) Dirty (slightly silty) sand and gravel, BH18-OF-2009. B) Somewhat stony, sandy diamicton, BH29-OF-2009. C) Soft, 
stony, sandy diamicton, BH29-OF-2009. D) Stratified, somewhat stony diamicton. The red matrix is derived from Queenston 
Formation red shale, BH30-OF-2009. E) Bed of slightly deformed, rhythmically bedded silt and clay (left of arrow) in stony, 
sandy diamicton (right of arrow), BH30-OF-2009. 
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Photo 27, continued. Examples of core from the Paris Moraine aquitard (ATA2-2). Each pictured core is 40 cm long and the top 
is to the left. F) Bed of highly deformed (convoluted) sand and silty sand (left of arrow) in soft, very stony, sandy diamicton, 
BH30-OF-2009. G) Bed of coarse-textured sand (left side of image) overlying gravelly sand (centre of image) and soft, stony, 
sandy diamicton (right side of image) BH18-OF-2009. H) Paris Moraine aquitard (ATA2-2) stony, sandy diamicton (left of 
arrow) overlying somewhat stony, sandy silt Port Stanley Till (right of arrow), BH29-OF-2009.  

 
Photo 28. Paris Moraine aquitard (above arrow) overlying Caledon–Grand River Outwash aquifer (AFA2) sediments (below 
arrow). The red and white scale is 1 m long and is divided into 10 cm sections. 
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WENTWORTH TILL AQUITARD (ATA2-1) 

East of the Paris Moraine, the Quaternary sediment cover thins to less than 10 m with rare locally thicker 
deposits up to 30 m (Figure 26). This thin drift is mapped as the Wentworth Till aquitard, the youngest 
aquitard unit within the Orangeville–Fergus area. The surface topography is lower and typically flatter 
than the Paris Moraine. The unit includes the northern extent of a field of small, narrow drumlins that are 
typically included in the Guelph drumlin field (Karrow 1968). The regional surface of the aquitard dips 
from the Paris Moraine ridge southeastward towards the Niagara Escarpment and locally north and south 
towards Black Creek (Plate 3).  

The Wentworth Till aquitard was not observed during drilling; however, the low quality legacy data 
sets reveal a texturally consistent diamicton with only rare beds of gravel or sand. This is very different 
from the complex sediment record of the Paris Moraine. The Wentworth Till aquitard is mapped as 
overlying bedrock, and where intact, it forms a confining layer. There are several hydraulic windows 
where the aquitard has been eroded by meltwater during deglaciation or dissected by modern streams. In 
places, there are traces of lower (older) aquitards mapped between bedrock and Wentworth Till; however, 
these are regarded as an artifact of the modelling process. It is probable that if any older sediments, such 
as Catfish Creek Till, had existed, they would have been eroded during subsequent advances, and there is 
no evidence in the available data sets to suggest anything older than a Port Stanley–Wentworth continuum 
exists east of the Paris Moraine.   

WENTWORTH AQUIFER (AFA1) 

The Wentworth aquifer, located at surface in the extreme southeast corner of the Orangeville–Fergus area, 
has 2 distinct sediment accumulations (Figure 27). These are the youngest glacial sediments within the 
area, associated with and postdating the Mackinaw Phase advance of Wentworth ice. The main deposit is 
located in the vicinity of the Black Creek re-entrant bedrock valley, east of Acton, where sediment 
thicknesses reach up to 70 m within the valley and up to 20 m in the surrounding area. The surface of the 
unit dips down slightly to the Niagara Escarpment in the east and more steeply towards the centrally 
located modern river valley. This re-entrant valley was not drilled as part of the current study, but 
abundant legacy data indicate a thick valley-fill sequence dominated by sand, silty sand and some silt. 
There appear to be occasional gravel and diamicton beds that may represent either debris flows from the 
retreating Wentworth ice or mass wasting off the valley sides. Most records do not reach bedrock, but 
where the full sequence has been penetrated it appears that the valley-fill overlies bedrock and 
intermittent remnant Wentworth aquitard sediments (ATA2-1). Beyond the valley margins, the sandy 
aquifer also overlies very thin diamicton or bedrock. These deposits form an important local recharge area 
with the potential to quickly transmit water off the escarpment. They also form a locally significant 
aquifer.  

A secondary deposit, characterised by a distinct mound that rises above the surrounding landscape, is 
located on the eastern edge of Rockwood (Figure 27A; Plate 3). Examination of legacy data and landform 
associations suggests an ice-contact fan that may have been partially eroded on its eastern and southern 
flanks as well as outwash derived from the retreating Wentworth ice. The outwash is mapped as 10 to  
15 m thick with up to 25 m of sand and gravel in the fan. As mapped, these sediments overlie Port Stanley 
Till (Port Bruce Phase aquitard ATB1) and in places, bedrock, allowing for recharge to the bedrock 
aquifer system.  
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CORRELATION WITH OTHER MODELS 
The 17 hydrostratigraphic units mapped within the Orangeville–Fergus area can be correlated with 3-

D mapping and hydrogeological studies from surrounding areas (Table 6). The codes and nomenclature 
developed for the Waterloo Region and Brantford–Woodstock 3-D areas have been extended into the 
current map area to facilitate correlations between OGS 3-D projects (see Table 4). The corresponding 
terminology used for many Waterloo Region hydrogeological studies is presented in Table 6.  

Correlating the Orangeville–Fergus area hydrostratigraphic units with the results of other township, 
county and conservation authority groundwater management studies is more complicated (see Table 6).  
A streamlined approach to the surficial geology is often taken in these studies in order to simplify the 
hydrogeological modelling process. Two or more units from the current study may be represented by a 
single layer in the hydrogeological framework used for individual groundwater management studies (each 
probable occurrence is listed in Table 6). Other units from the current study are omitted from the 
hydrogeological framework. This could be because the units do not extend into the township or county in 
question (“NA” in Table 6), the units exist but have negligible thicknesses, or were not included for other 
reasons (“-” in Table 6). 

The Credit River study (Davies and Holysh 2007) reflects stratigraphic nomenclature from below the 
escarpment and sediment packages, particularly the tills, have been grouped somewhat differently. These 
reflect local and regional-scale variations in late glacial history, in particular variations in ice margins. For 
example, the Credit River study does not include a Lower Erie Phase aquifer and aquitard (AFB3 and 
ATB3) sequence as the ice margin had not retreated far enough to allow deposition over most of the 
Credit River watershed (see Table 6). Similarly, the current project maps Port Stanley Till (ATB1) and 
Catfish Creek Till (ATC1, ATC2) separately while the Credit River study does not distinguish between 
the tills. 

The City of Orangeville, Mono and Amaranth Tier Three study (Aqua Resources Inc. 2011) also 
models Catfish Creek Till with the later Tavistock and Port Stanley tills, and the intervening Lower Erie 
Phase aquifer and aquitard sequence (AFB3 and ATB3) has been omitted. This approach yields a simpler 
model that has fewer sediment hydrostratigraphic units (see Table 6). The grouping of earlier and later 
tills into one unit may present problems in adjacent areas, as the Orangeville Moraine extends into the 
subsurface between the Catfish Creek and Port Bruce tills (Tavistock and Port Stanley tills). 

The County of Wellington Groundwater Protection Study (MHBC Planning Limited, Golder 
Associates and SRG Soil Resources Group 2005) uses a series of simple frameworks that range from 
overburden (Elora and Fergus area) to overburden and contact aquifers separated by an overburden 
aquitard (Erin and Hillsburgh area) to upper, middle and lower aquitards separating upper and lower 
aquifers (Arthur area). Although the Arthur area framework is situated west of the Orangeville–Fergus 
area, it provides the best fit with the current 3-D model. The upper aquitard likely corresponds with Port 
Bruce Phase aquitard (ATB1) Tavistock Till and associated glaciolacustrine sediments, the middle 
aquitard with regional and lobate Catfish Creek tills and associated glaciolacustrine sediments (ATC1, 
ATC2) and the lower aquitard with Canning (ATE1) and Pre-Canning (ATG1) tills and glaciolacustrine 
sediments (see Table 6). The upper overburden aquifer is correlated with the distal fan deposits of the 
Orangeville Moraine (AFB1) and the lower overburden aquifer with the pre-Catfish aquifer (AFD1).  

A groundwater management study for the Township of Centre Wellington (Blackport Hydrogeology 
Inc. and Waterloo Hydrogeologic 2002) presents a simple conceptual geologic framework of an upper 
(surface) aquifer that likely correlates with the Caledon–Grand River outwash aquifer (AFA2) and 
outcropping portions of the Upper Erie Phase Orangeville Moraine aquifer (AFB1) and a lower aquifer 
that incorporates the sporadic deposits of the Pre-Catfish aquifer (AFD1), possibly the Pre-Canning 
aquifer (AFF1) in areas beyond the current project, and the contact aquifer (AFH1). The lower aquifer  
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Table 6.  Correlation of hydrostratigraphic units mapped for the Orangeville–Fergus area with those from recent hydrogeological 
studies. A “-” symbol is used where units exist in an area, but are not included within the hydrogeological framework and “NA” 
is used where units do not exist in an area. Sources: Waterloo Region (reported in Bajc and Shirota 2007); Credit River 
Watershed (Davies and Holysh 2007); Orangeville, Mono and Amaranth Tier Three (Aqua Resource Inc. 2011); Arthur Area, 
County of Wellington (MHBC, Golder Associates and SRG 2005); Centre Wellington (Blackport Hydrogeology Inc. and 
Waterloo Hydrogeologic 2002). 

Code Orangeville–Fergus 3-
D map 

Waterloo 
Region 

Credit River 
Watershed 

Orangeville, 
Mono and 
Amaranth 

Arthur Area, 
County of 
Wellington 

Centre 
Wellington 

AFA1 Wentworth aquifer NA Most recent 
deposits 

NA NA NA 

ATA2-2, 
ATA2-1  

Paris Moraine and 
Wentworth aquitards 

NA Halton Till / 
Wentworth Till 

NA NA NA 

AFA2  Outwash aquifer - - Upper Sands: 
Unsaturated 

Upper 
overburden 
aquifer (?) 

Upper aquifer 

ATB1  Port Bruce Phase 
aquitard (Port Stanley 
and Tavistock tills) 

Aquitard 1 Newmarket 
Aquitard (?) 

Upper Tills: 
Unsaturated  

Upper 
overburden 
aquitard 

Aquitard: layers 3 
and 4  

AFB1  Upper Erie Phase 
aquifer (Orangeville 
Moraine) 

Aquifer 1 Oak Ridges  
Moraine Aquifer 
Complex 

Intermediate 
Aquifer:  Upper 
Sands  

Upper 
overburden 
aquifer 

Upper aquifer and 
possibly lower 
aquifer  

ATB3  Lower Erie Phase 
aquitard (interlobate 
lake) 

Aquitard 2 Newmarket 
Aquitard (?) 

Lower Aquitard: 
Lower Till (?) 

Middle 
overburden 
aquitard  

Aquitard: layers 3 
and 4 (?) 

AFB3  Lower Erie Phase 
aquifer (valley fill) 

Greenbrook 
aquifer 

NA - NA NA 

ATC1, 
AFT1, 
ATC2 

Catfish Creek Till 
aquitard 

Aquitard 3 Newmarket 
Aquitard  

Lower Aquitard: 
Lower Till  

Middle 
overburden 
aquitard 

Aquitard: layers 3 
and 4 (?) 

AFD1  Pre-Catfish aquifer Parkway aquifer 
/ Aquifer 3 

Thorncliffe 
Formation  

Lower Aquifer: 
Lower Sands 

Lower 
overburden 
aquifer 

Lower aquifer 

ATE1 Canning aquitard Aquitard 4 Sunnybrook 
diamict  

NA Lower 
overburden 
aquitard 

- 

AFF1 Pre-Canning aquifer Parkway aquifer 
/ Aquifer 3 (?) 

NA NA NA Lower aquifer 
(beyond project 
area?) 

ATG1 Pre-Canning aquitard - NA - Lower 
overburden 
aquitard 

- 

AFH1 Contact aquifer - - Lower Aquifer: 
Lower Sands 

- Lower aquifer 

may also include confined portions of the Orangeville Moraine aquifer (AFB1). In the Centre Wellington 
model, these aquifers are separated by a single, two-layer aquitard composed of a series of tills. The 
conceptual framework only lists Port Bruce Phase Tavistock and Port Stanley tills (ATB1), but the 
aquitard is likely dominated by lobate and regional Catfish Creek tills (ATC1, ATC2) and also Lower 
Erie Phase interlobate diamicton and glaciolacustrine sediment (ATB3). Older tills and associated 
glaciolacustrine sediments overlying bedrock (ATE1 and ATG1) do not appear in the Centre Wellington 
framework, although they are found within the township.  
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Vulnerability, Recharge and Water Supply  

MAP SETS  

Identifying groundwater recharge areas and potentially vulnerable aquifers is one of the key objectives of 
this 3-D mapping program. A series of models and maps have been prepared that show the depth, 
identification, and elevation of the first aquifer encountered (Figures 28, 29 and 30, respectively). The 
maps have been prepared for aquifers, or potential aquifers, of at least 1 m, 3 m and 10 m in thickness in 
order to illustrate differences between thin and thick deposits (Plate 12). Sediment aquifers and areas 
where the depth to bedrock is 5 m or less are shown on the maps; areas left blank do not have mappable 
sediment aquifers and bedrock is more than 5 m below surface. It should be noted that this is slightly 
different from the MOECC approach of using thicknesses of 0.6 m or greater (e.g. Blackport 
Hydrogeology Inc. 2005).  

On the depth maps (Figure 28), the colour coding corresponds with the depth of the first aquifer 
below the ground surface. Aquifers shown in red are mapped at surface while yellow, green and blue 
colours indicate a progressively thicker confining layer that will have the combined effects of reducing 
recharge potential and vulnerability to surface contamination. The maps only show the uppermost aquifer 
at each map location; if there are 2 or more aquifers at a particular location the deeper ones are not shown.  

On the aquifer identification maps (Figure 29), the colour coding corresponds with the 
hydrostratigraphic unit of the first aquifer. Each hydrostratigraphic unit has different sediment 
characteristics and trends based on inferred depositional environments. Considering the aquifer 
identification map in conjunction with the descriptions contained in this report allows for a more 
complete assessment of the aquifer system. Depending on the level of detail required, this can be 
expanded to include the analytical results that have been coded according to hydrostratigraphic unit.   

The elevation maps (Figure 30) show the surface elevation of sediment and bedrock aquifers that are 
at or near surface (coloured red and yellow on the depth maps). The maps provide an assessment of the 
relative landscape position of vulnerable and recharge areas. This can be important, as areas that are at 
higher elevations may be expected to be recharged by localized rainwater, meltwater or water contributed 
by human activity. Areas at progressively lower elevations may be expected to have increasing 
contributions from surface run off (overland flow) and streams. This effect will be greatest where there 
are low permeability surfaces higher in the landscape. High precipitation events may wash surface 
contaminants across the low permeability surface via overland flow into low-lying, and potentially 
vulnerable, areas.  
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Figure 28. Depth to first aquifer 3 m thick or greater. 
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Figure 29. Hydrostratigraphic unit identification of first aquifer 3 m thick or greater. 
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Figure 30. Digital elevation model showing the surface elevations (structural contour) of potentially vulnerable sediment aquifers 
(covered by a maximum 3 m thick confining layer) and near surface bedrock (maximum 5 m thick sediment cover). These areas 
are shown in red and orange on Figure 28. Aquifers more than 3 m below surface are not shown. 
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AQUIFER VULNERABILITY AND RECHARGE AREAS 

The thick, centrally located Orangeville Moraine aquifer (AFB1) is the largest surface aquifer (largely 
unconfined) within the Orangeville–Fergus area (see Figures 28 and 29). The moraine is characterised by 
a hummocky surface and coarse- to fine-textured sediments in the northeast, becoming progressively 
more subdued and fine-textured towards the distal flanks. It forms an important groundwater recharge 
area particularly in the hummocky and coarse-textured zones. A groundwater management study prepared 
for the Town of Erin found that the Orangeville Moraine was a significant recharge area for the Town’s 
groundwater system (Blackport Hydrogeology Inc. 2005). Likewise, the County of Wellington 
Groundwater Protection Study (MHBC Planning Limited, Golder Associates and SRG Soil Resources 
Group 2005) shows that the moraine forms a significant potential recharge area.  

Most of the moraine is high on the landscape so that while it is highly vulnerable to contamination, 
much of that will be from local sources (see Figure 30). Fine-textured sand, silt and clay beds within the 
distal portions of the moraine will complicate flow paths through the sediment package. The aquifer 
extends for considerable distances in the subsurface, particularly towards the north and west (Plates 7 to 
10). It is expected that even where deeply buried, the aquifer will be recharged via the exposed moraine 
sediments as the exposed and buried portions are hydraulically connected. These areas are locally 
protected by the regionally significant Port Bruce aquitard (ATB1), but they may be susceptible to 
contamination that occurs on the exposed portion of the moraine. The Orangeville Moraine overlies a 
laterally continuous, fine-textured aquitard (ATB3) which separates the Orangeville Moraine aquifer from 
the sporadic lower sediment aquifers and the bedrock aquifer.  

The Caledon–Grand River aquifer (AFA2) is another important surface aquifer, particularly in the 
Hockley Valley, Alton and Rockwood re-entrant valleys located along the eastern side of the map area 
(see Figures 28 and 29). The thick packages of pebble to cobble gravel are typically located in well-
defined channels low in the landscape (see Figure 30). These factors mean the outwash aquifer has the 
potential to be recharged directly by rain and meltwater as well as by surface runoff and streams. It also 
makes the aquifer vulnerable to local contamination as well as contamination from the surrounding 
uplands. The stratigraphically younger Wentworth aquifer (AFA1) located in the Black Creek re-entrant 
in the southeast corner of the map area will be similarly vulnerable to contamination from local sources 
and from run-off. This may, in part, be reduced where the unit has been mapped as a groundwater 
discharge area (County of Wellington Groundwater Protection Study Figure 3.15, MHBC Planning 
Limited, Golder Associates and SRG Soil Resources Group 2005). The large re-entrant valley outwash 
deposits are mapped as overlying older aquitards (ATB1, ATB3) providing protection for lower aquifers, 
but also reducing recharge potential to the lower aquifers.  

Outwash deposits located in narrow channels in the northern and southern portions of the map area, 
as well as in the Black Creek re-entrant, overlie both older aquitards and bedrock. This increases the 
vulnerability of the bedrock aquifer as the channels are typically incised through the till aquitards, as was 
found in the Salem–Elora–Fergus area (this study and Blackport Hydrogeology Inc. and Waterloo 
Hydrogeologic 2002). Thinner surface outwash and subaqueous fan deposits have been mapped 
sporadically across the Orangeville–Fergus area, either draped over the regionally significant Port Bruce 
aquitard (ATB1) or perched high on the landscape. These deposits form small recharge areas that are 
vulnerable to local contamination.  

The remaining areas of high vulnerability and recharge potential are composed of older aquifers that 
are typically buried under regionally significant aquitards (ATB1, ATB3, and ATC1) but which have 
been exposed at surface as a result of localized erosion of the aquitards. The most “at risk” areas of these 
aquifers have a narrow, ribbon-like appearance on the maps. They are typically located in low-lying areas 
within postglacial or modern stream channels. Bedrock is at or near surface in many of the modern stream 
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channels (coloured grey on Figure 29). The Town of Erin groundwater management study found that 
lower aquifer and upper bedrock units are hydraulically connected and act as one aquifer (Blackport 
Hydrogeology Inc. 2005). These low-lying areas may be vulnerable to contamination; however, in many 
areas they have been identified as groundwater discharge areas (County of Wellington Groundwater 
Protection Study Figure 3.15, MHBC Planning Limited, Golder Associates and SRG Soil Resources 
Group 2005).  

It should be noted that these maps do not portray the Paris Moraine aquitard. As previously 
discussed, the Paris Moraine has a hummocky surface and is composed of discontinuous and convoluted 
beds of diamicton, dirty sand and gravel, and gravel. This moraine system is expected to have a higher 
recharge potential, and to be more vulnerable, than other aquitards.  

WATER SUPPLY POTENTIAL 

Using the depth to aquifer maps alone will allow for a quick assessment of not only where both thin and 
thick aquifers are located and their expected lateral continuity, but also how deep they are. If a small 
aquifer is shown on the 1 m thickness map but not on the 3 m or 10 m thickness maps, the aquifer in 
question is not only small, but thin (Plate 10). It may, therefore, be of only local significance, such as for 
dispersed rural domestic supply wells, compared to larger and thicker aquifers that may have the 
capability of supporting multiple closely spaced domestic supply wells or even municipal supply wells. 
Areas that have thick, laterally continuous aquifers mapped at depth (green and blue colours) should be 
targeted in the search for water sources protected from surface contamination. Testing will be required to 
establish whether these aquifers are being actively recharged.   

Many of these target areas are located along the buried flanks of the Orangeville Moraine and within 
buried-bedrock valleys (Elora and Rockwood buried valleys). Even though these areas are not exposed at 
surface, there is still a need for caution. As previously discussed, the buried flanks of the Orangeville 
Moraine aquifer are expected to be recharged by, and vulnerable to, contamination on the exposed portion 
of the moraine. Postglacial and modern streams have cut hydraulic windows through the aquitards 
protecting even the older and more deeply buried valley aquifers. This may allow for recharge, but also 
for contamination. The buried valley aquifer systems are further complicated by the fact that the valley 
walls provide for direct connections between the valley fill and one or more bedrock formations. The 
valley fill may be recharging the bedrock aquifer or vice versa. The valley fill may also be acting as a 
mixing zone for water from multiple bedrock formations. Furthermore, watersheds within the 
Orangeville–Fergus area may be losing water to groundwater flow off the Niagara Escarpment. These 
questions will require hydrogeological testing to resolve.  

Conclusions 
As pressures directed at protecting and preserving the quality and sustainability of the provincial 
groundwater resource increase, 3-D geologic studies such as the one described by this report, will become 
increasingly important.  Comprehensive knowledge of the distribution and properties of aquifers and 
aquitards is essential as source water protection plans are developed, implemented and revised. Forty 
three new boreholes were drilled and these, together with geophysical surveys, surface sampling and 
analysis of a significant volume of legacy data, were the basis for the creation of a 3-D model of the 
Orangeville–Fergus area. The model subdivides the Quaternary sediments into a regional-scale aquifer-
aquitard sequence of 16 hydrostratigraphic units differentiated by their age and sediment characteristics. 
Undifferentiated Paleozoic bedrock forms the basal hydrostratigraphic unit across the area. 



 

97 

The bedrock surface described in this report significantly refines previous provincial-scale mapping 
studies. The bedrock surface dips southward and is characterised by broad lows and resistant bedrock 
highs. A series of wide, deeply incised re-entrant bedrock valleys extend back from the Niagara 
Escarpment and these are partially infilled with Quaternary sediments. A resistant ledge separates the 
Rockwood re-entrant valley from a narrow, southwest-dipping buried-bedrock valley. Additional narrow, 
buried valleys are located across the southern portion of the area. The bedrock valleys (re-entrant and 
buried) follow a rectilinear pattern that is probably being influenced by joints in the Paleozoic bedrock.  

A series of older tills confine the bedrock aquifer and small sporadic sediment aquifers in the 
western portion of the area. Of these, a pre-Canning, stony till is most significant. Sporadic glaciofluvial 
gravels and a basal aquifer in the Rockwood buried valley appear to be confined by overlying 
glaciolacustrine silts and clays as well as Canning Till. The Canning aquitard is sporadically distributed 
within the Orangeville–Fergus area, but forms an important aquitard within the Waterloo Region map 
area located to the southwest. A more extensive, but still sporadic, pre-Catfish aquifer is defined by a 
stratigraphic position directly below the Catfish Creek aquitard. The aquifer incorporates coarse- and fine-
textured sediments deposited in both glacial and nonglacial depositional environments. Organic material 
from an alluvial sequence was radiocarbon dated and sampled for pollen yielding results typical for 
Middle Wisconsin interstadial sites. This aquifer forms the Elora buried-bedrock valley fill.  

Catfish Creek Till is mapped across most of the area, thinning then pinching out towards the Niagara 
Escarpment. The till forms a regionally significant aquitard that can be detected in many low quality records 
and is considered to be an important stratigraphic marker. Beds of stratified sediments within Catfish Creek 
Till occasionally reach mappable size.  

  A series of aquifers and aquitards were deposited during and following the break-up of Catfish 
Creek ice. The centrally located Orangeville Moraine and Rockwood buried-bedrock valley fill are part of 
this sequence. The thick gravel and sand valley fill sequence becomes finer textured upwards and towards 
the south. These sediments are in contact with bedrock along the valley walls so that depending on 
fluctuations in hydraulic heads (natural or induced) the valley fill may recharge or serve to drain the 
bedrock aquifer. It may also serve as a mixing zone for water from multiple bedrock formations. This 
aquifer is protected from surface contamination along most of its length. However, small hydraulic 
windows have been created where streams have incised through overlying aquitards. One of these 
aquitards (ATB3) is composed of fine-textured diamicton and glaciolacustrine silt and clay deposited in a 
subglacial and/or interlobate lake. The distribution of this aquitard provides information on the maximum 
distance that the ice pulled back following deposition of Catfish Creek Till.  

The thick, centrally located Orangeville Moraine aquifer (AFB1) is the largest unconfined aquifer 
within the Orangeville–Fergus map area. The moraine is characterised by a hummocky surface and 
coarse- to fine-textured glaciofluvial and ice-proximal subaqueous fan sediments in the northeast. The 
surface becomes progressively smoother and the sediments shift to fine-textured sand, sandy silt and silt 
towards the distal flanks. These fine-textured sediments can be expected to complicate local groundwater 
flow paths through the sediment package. The moraine forms an important groundwater recharge area, 
particularly in the hummocky and coarse-textured zones. Most of the moraine is high on the landscape so 
that while it is highly vulnerable to contamination, much of that will be from local sources. The flanks of 
the Orangeville Moraine were overridden by lobate ice advances from the northwest (Georgian Bay Lobe 
fine-textured Tavistock Till), northeast (Simcoe Lobe upper sandy till) and southeast (Ontario Lobe stony 
sandy silt Port Stanley Till). These tills form the upper aquitard across much of the area. It is expected 
that even where deeply buried, the aquifer will be recharged, and potentially contaminated via the 
exposed portions of the moraine.  
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Outwash cobbles and gravels were deposited in re-entrant valleys approaching the Niagara Escarpment 
and in channels incised into Tavistock and Port Stanley till as the ice retreated. These gravels form 
unconfined aquifers across the map area, and the low landscape position of most of these deposits 
contributes to ongoing surface contamination issues. The final readjustment of the retreating ice lobes 
resulted in the construction of the hummocky, Paris and Singhampton end moraines in the southeast and 
northeast corners of the study area, respectively. The moraines are characterised by discontinuous beds of 
diamicton and course-textured stratified sediment, providing recharge potential despite classification as an 
aquitard.  

Each hydrostratigraphic unit typically contains a range of sediment textures in response to 
depositional facies changes and short-term or localized changes in ice-margins, lake levels, sediment 
sources and water velocities. Aquifer units composed of gravel and sand will also contain varying 
amounts of interstitial silt and clay. Similarly, aquitards composed of lake-bottom silt and clay or glacial 
till will have localized sand layers. This complexity will influence groundwater flow paths within each 
unit. The descriptions and analytical data contained in this study should be considered a starting point for 
estimating hydraulic conductivity. Hydrogeological testing is required to gain maximum benefit from this 
geological modelling program.  
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Appendix 1 

High Resolution Plates 
This appendix contains a number of summary plates. They have been chosen to best illustrate the 
structure of the Quaternary sequence. High resolution versions of the plates, suitable for printing on large-
format plotters, may be found in the “Plates” folder in the digital release. 

Plate 1 depicts summary graphic logs for the 43 continuously cored boreholes drilled as part of this 
project. The conceptual geological framework, a common legend and a location map are shown at the 
bottom of the plate. A consistent depth scale (metres below surface) has been maintained for all logs. The 
first column indicates the aquifer or aquitard class for each hydrostratigraphic unit (shown in the second 
column). The third and fifth columns show summary and detailed lithology logs, respectively. Wider 
sections of the detailed log correspond with coarser textured sediments and narrow sections correspond 
with finer textured sediments. The till formation or depositional environment is outlined in the text log 
(shown in the fourth column). The final column presents the grain size analysis results. Detailed graphic 
logs depicting this information, as well as percent calcite and total carbonate, calcite to dolomite ratios, 
pebble lithologies and core recovery logs, may be found in the “Graphic Borehole Logs” folder in the 
digital release. 

Plate 2 depicts the distribution of each hydrostratigraphic unit, displayed in order from youngest to oldest 
(left to right, top to bottom). Conservation authority and township boundaries are shown on the maps. 
Plate 3 depicts the structural contour maps for the tops of each hydrostratigraphic unit displayed in order 
from youngest to oldest. Each map has a unique legend. Plate 4 depicts the isopach maps for each 
(surficial) sediment hydrostratigraphic unit displayed in order from youngest to oldest. Each map has a 
unique legend. The plate does not contain an isopach map for the Paleozoic bedrock unit, as thickness 
information is not meaningful. Plate 5 depicts maps of the picks used to generate each hydrostratigraphic 
unit displayed in order from youngest to oldest. Picks are coloured according to the quality of the source 
data. Definitive (continuously cored) picks are shown in green, other high quality picks are shown in 
orange, medium quality picks are shown in yellow, low quality picks are shown in blue and off-trace 
picks are shown in black. 

Plate 6 depicts a series of birds-eye-view screen captures of the 3-D block model for 13 
hydrostratigraphic units, displayed in order from youngest to oldest (from top to bottom). Units ATA2-1 
and ATA2-2 have been combined (ATA2) and units AFC1, ATC2, and ATH1 have been omitted as their 
distribution and thickness are negligible. The block models have been coloured according to unit 
identification (exploded block model), elevation of the upper surface (structural contour maps) and unit 
thickness (isopach maps). Each structural contour and isopach map has a unique legend corresponding to 
the legends used on plates 3 and 4. White lines corresponding to the model limits are shown to enhance 
the 3-D perspective. The conceptual geologic framework and a location map are shown for reference. 

Plates 7 to 10 depict regularly spaced west-east and north-south cross-sections coloured using the 
hydrostratigraphic and aquifer–aquitard legends, each of which has been split onto 2 sheets (a and b) for 
easier viewing. Each plate includes the surface picks, or “SURFS” map, of simplified surficial sediments 
classified and coloured by hydrostratigraphic unit overlain with a reference grid that is to be used to 
identify the location of individual cross-sections. The horizontal lines are labelled with letters and 
correspond with the west-east cross-section letters located along the left side of Plates 7 and 9. The 
vertical lines are labelled with numbers and correspond with the north-south cross-section numbers 
located along the left side of Plates 8 and 10.  
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Plate 11 depicts the distribution of key hydrostratigraphic units for the Orangeville–Fergus area as well as 
the previously released Waterloo Region (Bajc and Shirota 2007) and Brantford–Woodstock areas (Bajc 
and Dodge 2011) generated using published ESRI® ArcInfo® grids. The maps are displayed in order from 
youngest to oldest (left to right, top to bottom). The hydrostratigraphic units have been stacked on top of 
each other in order to illustrate the distribution of each unit and highlight hydraulic holes in the aquitard 
units (underlying aquifer units are still visible). For example, the map of the Pre-Canning Aquitard (unit 
ATG1) shows the distribution of the aquitard in green. The older Contact Aquifer (unit AFH1), shown in 
brown, and Paleozoic Bedrock, shown in purple-pink, are visible where the Pre-Canning Aquitard is 
absent. In the next map, the Pre-Canning Aquifer (unit AFF1), shown in red, partially covers the older 
Pre-Canning Aquitard. The distribution maps have been draped over the surficial geology map (OGS 
2010). The conceptual geologic framework is shown for reference. 

Plate 12 is composed of a series of maps that show the depth, identification, and elevation of the first 
aquifer encountered. The maps have been prepared for aquifers of at least 1 m, 3 m and 10 m in thickness 
in order to illustrate differences between thin and thick deposits. Sediment aquifers and areas where 
bedrock is covered by less than 5 m of sediment are shown on the maps; areas left blank do not have 
mappable sediment aquifers and bedrock is more than 5 m below surface. On the depth maps, the colour 
coding corresponds with the depth of the first aquifer below the ground surface. Aquifers shown in red are 
mapped at surface while yellow, green and blue colours indicate a progressively thicker confining layer. 
The maps only show the uppermost aquifer at each map location; if there are 2 or more aquifers at a 
particular location, the deeper ones are not shown. On the aquifer identification maps, the colour coding 
corresponds with the hydrostratigraphic unit of the first aquifer. The elevation maps show the surface 
elevation of sediment and bedrock aquifers that are at or near surface (coloured red and yellow on the 
depth maps). The hillshade effect was created using the unit structural contour data, not the surficial 
digital elevation model. 
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Plate 1. Graphic borehole logs of continuously cored boreholes drilled in the Orangeville–Fergus map area, southwestern 
Ontario. 
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Plate 2. Distribution of hydrostratigraphic units, Orangeville–Fergus map area, southwestern Ontario. 
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Plate 3. Structural contour maps of surficial deposits and top of bedrock surface, Orangeville–Fergus map area, southwestern 
Ontario. 
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Plate 4. Isopach maps of surficial deposits, Orangeville–Fergus map area, southwestern Ontario. 
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Plate 5. Picks dot maps used for modelling surficial deposits and the top of bedrock surface, Orangeville–Fergus map area, 
southwestern Ontario. 
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Plate 6. Birds-eye-view of distribution maps, structural contour maps and isopach maps of surficial deposits, Orangeville–Fergus 
map area, southwestern Ontario.  Units ATA2-1 and ATA2-2 have been combined (ATA2) and units AFC1, ATC2, and ATH1 
have been omitted. 
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Plates 7a and 7b. West-east cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern Ontario:  
hydrostratigraphic legend. 
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Plates 7a and 7b continued. West-east cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern Ontario:  
hydrostratigraphic legend. 
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Plates 8a and 8b. North-south cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern Ontario:  
hydrostratigraphic legend. 
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Plates 8a and 8b. continued. North-south cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern 
Ontario:  hydrostratigraphic legend. 
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Plates 9a and 9b. West-east cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern Ontario:  aquifer–
aquitard legend. 
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Plates 9a and 9b. continued. West-east cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern Ontario:  
aquifer–aquitard legend. 
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Plates 10a and 10b. North-south cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern Ontario: 
aquifer–aquitard legend. 
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Plates 10a and 10b continued. North-south cross-sections of surficial deposits, Orangeville–Fergus map area, southwestern 
Ontario: aquifer–aquitard legend. 
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Plate 11. Distribution of surficial deposits, Orangeville–Fergus map area, Waterloo Region map area and Brantford–Woodstock 
map area. 
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Plate 12. Depth to first aquifer, aquifer identification and surface elevation maps for aquifers of thicknesses greater than 1 m,  
3 m, and 10 m in the Orangeville–Fergus map area, southwestern Ontario. 
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Appendix 2 

Compilation and Standardisation of Legacy Data 

Several databases were obtained from internal and external sources to provide data for the 3-D geologic 
model. These data were rated as low-, medium- or high-quality based on the reliability of the information. 
These databases include  

1. the Ministry of the Environment  and Climate Change (MOECC) water well database (7 high 
quality records and 10336 low quality records) 

2. the Ministry of Transportation (MTO) GEOCRES geotechnical drilling database (98 medium 
quality records typically clustered in groups of 2 or more) 

3. a geotechnical database for Waterloo Region originally created by the Geological Survey of 
Canada (GSC) in the early 1970s (WAGAIS) then updated in the 1990s by the University of 
Waterloo (7 medium quality records) 

4. overburden drill logs from private consultants, thesis work, conservation authorities and gravel 
pit operators (383 low to high quality records) 

5. OGS archived field descriptions and data points obtained from the seamless surficial geology 
map (258 medium quality records) 

To date, the working copy of the subsurface database contains 11 074 legacy records with 42 267 
sediment, rock and “unknown” layers (Figure A2.1). Approximately 5% of the records are medium (500 
records) and high (114 records) quality. The high quality records include the 43 boreholes cored as part of 
this project. A preliminary examination was made of all subsurface records to establish a set of standard 
geologic materials, listed in Table A2.1, that would be used for modelling. This process was guided by the 
results of the 2008, 2009 and 2010 drilling programs. 

The most plentiful, but lowest quality, source of subsurface information is the MOECC 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. Depth, or Z-values, for the well collars were obtained from the provincial 
digital elevation model (DEM), which has a 10 m resolution, and were compared with the Z-values given 
in the MOECC database. Wells with significant elevation discrepancies were rejected. Wells that 
appeared to be in the wrong location (for example dubious elevations, sediment thicknesses or bedrock 
elevations) were removed from the database. 

The MOECC water well database has 3 material fields that contain geologic information including 
materials, descriptions or qualifiers and unknowns. 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; Burt and 
Dodge 2011; Russell et al. 1998). In step one, many of the original terms were grouped together under a 
single term. For example, the MOECC terms “quicksand”, “fine sand”, “medium sand”, “coarse sand”, 
“sand” and “sandy” all became “sand” (Table A2.2). 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 
unique combinations of terms and assigning one of the primary geological materials listed in Table A2.1 
(see Table A2.3 for examples). This translation table was used to convert the MOECC database into a 
series of formations ready for modelling. The original sediment descriptions were retained in a separate 
field to allow for inspection while modelling. 

The remaining databases range in quality from low to high depending on the reliability of the source, 
drilling method and material descriptions. The MTO GEOCRES and WAGAIS geotechnical databases 
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have been assigned a medium data quality. Archived OGS field descriptions have been assigned a high 
data quality.  These databases were either translated into the primary geological materials as described 
above or assigned a material type manually. 

 

Figure A2.1. Locations high-quality data (orange), medium-quality data (yellow) and low-quality data (blue). 
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Table A2.1. List of primary geologic materials used for 3-D modelling. 

Primary Material Number of 
Occurrences 

Type 

Fill 712 

Unknown Descriptors 
No recovery 99 
Previously drilled 376 
Unknown 2546 
Clay 3211 

Material Descriptors 

Silt 1237 
Silt and sand 3028 
Sand 4182 
Sand and gravel 252 
Gravel 3979 
Diamicton 745 
Diamicton: clay silt 9016 
Diamicton: silt sand 2955 
Dirty Gravel 1019 
Organic 167 
Water 1 
Paleozoic Rock 15587 Rock Descriptors 

 

Table A2.2. Summary terms extracted from the Ministry of the Environment and Climate Change (MOECC) water well database 
(modified from Russell et al. 1998). 

New Term Original MOECC 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 

75  light coloured 
77  loose 
78  medium-grained 
79  packed 
80  porous 
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New Term Original MOECC Term 
67  dirty 
68  dry 
69  fine-grained 
70  fossiliferous 
71  fractured 
73  hard 
74  layered 

83  sharp 
85  soft 
86  sticky 
89  thin 
90  very 
91  water-bearing 

 

Table A2.3. 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:  clay silt Clay Gravel Silt 
Diamicton:  clay silt Gravel Clay Diamicton 
Diamicton:  silt sand Diamicton Sand Gravel 
Diamicton:  silt sand Silt Sand Gravel 
Diamicton Diamicton Rock NA1 
Fill Fill Packed NA 
Gravel Gravel Boulders Dense 
Gravel Gravel Gravel Loose 
Organic Organic Loose Dark-coloured 
Paleozoic rock Limestone Porous Hard 
Paleozoic rock Sandstone Shale NA 
Previously drilled 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 
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Appendix 3 

Model Creation 

It is with extreme distrust that the geologist regards all attempts to apply the exact methods of 
mathematics to the subject of his studies (Suess 1909). 

A MODELLING PROCESS FOR THE ORANGEVILLE–FERGUS AREA 

The approach taken for the interpretation of the subsurface data in the Orangeville–Fergus area was 
slightly different than that followed during the Waterloo Region pilot project and 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 
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. 

The general lack of high-quality data in the Orangeville–Fergus area made the use of training 
surfaces impractical. Instead, all borehole records were manually interpreted with only a conceptual 
geological model for guidance. Initial interpretations of small subareas (5 km blocks) were undertaken 
along east-west and north-south sections spaced at 250 m with 125 m clipping limits.  This was later 
increased to 500 m intervals with 250 m clipping limits as model areas were increased to 10 km, 15 km 
and 25 km blocks. Sections were also examined following the orientation of roads, perpendicular and 
parallel to buried valleys and roughly perpendicular to the interlobate zone (northwest to southeast). An 
example of a section cut along a road is shown in Figure A3.1. In view A, the borehole traces have been 
coloured according to the translated standard geologic materials listed in Table A2.1. In view B, the traces 
have been coloured according to the material class (i.e., aquifer, aquitard or bedrock).  

SOFTWARE SPECIFICATION 
A number of software packages were evaluated for their ability to meet the OGS’s specific 3-D mapping 
needs during the early stages of the Waterloo Region pilot project (Bajc and Newton 2005; Bajc and 
Shirota 2007). The priority elements required in a software program were 

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 



 

122 

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 ore 
body 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 collar (location) table, a formation table and a static water depth table (Figures A3.2, 

A3.3 and A3.4, respectively), were created from the master subsurface database and imported into the 
Datamine Studio® 3-D modelling software package. The “collar” table contains information about the 

 
Figure A3.1. A 10 km long section cut along a road with a 300 m clipping distance. Note that these examples are from the 
Barrie–Oro Moraine 3-D project area (Burt and Dodge 2011).  A) The borehole traces have been coloured according to the 
translated standard geologic materials listed in Table A2.1. B) The traces have been coloured according to the material class.  
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borehole such as the original identification number and source (i.e., MOECC water well database, 
consultant report), a seven-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 A3.3). The “PMAT” (primary geological material) field describes the 
main sediment type, such as sand, silt, clay, diamicton and Paleozoic rock, 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. 

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 A3.4). This information is available for 
only the MOECC water well database. There is static water level information for 83% of the water well 
database, but screen depth information for only 7%. This discrepancy is due to a lack of screens for 
bedrock wells. Despite these limitations, the static water level information can be useful when correlating 
permeable units. 

To ensure that the 3-D model honoured materials mapped at the ground surface, the provincial DEM 
was sampled on a 100 m grid spacing resulting in a point file with X, Y and Z data. Next, the GIS-based 
seamless surficial geology map (OGS 2010) was simplified and recoded using the hydrostratigraphic 
units being modelled (Figure A3.5). This recoded geology map was then used to attribute the point file 
(“STRATUM” field), creating a surface picks, or “Surfs”, table (Figure A3.6). 

 

Figure A3.2. Screen capture example of the location, or “collar”, table, which contains information regarding borehole source, 
location and elevation. 
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Figure A3.3. Screen capture example of the “formation” table, which contains standardized information regarding the layers of 
sediment and rock encountered in each borehole (PMAT field). Note that the original description is captured in the “ORIGINAL” 
field. 

 

Figure A3.4. Screen capture example of the “static water depth” table, which 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 A3.5. Surface picks sampled on a 100 m grid and attributed with hydrostratigraphic units mapped on the ground surface. 
The hydrostratigraphic unit map was created by recoding the seamless geology map (OGS 2010). 
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Figure A3.6. Screen capture example of the “surfs” table, which contains surficial geology information recoded to reflect the 
hydrostratigraphic units (STRATUM field).  

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 unit 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. 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. 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 50 000 picks have been created on and off the 
borehole traces. The “picks” table (Figure A3.7) contains information about the location of the pick 
(X,Y,Z), the unit name, numerical sequence and class (aquifer, aquitard, or bedrock) as well as information 
derived from the borehole trace including the borehole ID (a seven-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. The manually picked data are used in conjunction 
with the “surfs” file previously described to create the 3-D model. 

INTERPOLATING ELEVATIONS:  GENERAL APPROACH 

If all hydrostratigraphic units 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 units identified per hole, suggesting a large amount of missing information. In addition, 
not all units exist over the entire area (i.e., there are either natural limits to the lateral extent of units or 
units 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 hydrostratigraphic 
unit from the known picks. However, because of the scarcity of the data for some units, 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 unit 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 
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complex as they would need to take into account both the sequence of units at every model column and 
also the elevations of the unit 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 hydrostratigraphic unit 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 unit. 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 units, 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 unit picks quite well (Bajc and Shirota 2007). 

 

Figure A3.7. Screen capture example of the “picks” table. 
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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 A3.8). The picks for each 
hydrostratigraphic unit are then considered in turn. For example, all the picks coded as ATB1 are used to 
interpolate a surface for the Port Bruce Phase aquitard (surficial tills) then the picks coded as AFB1 are 
used to interpolate a surface for the Upper Erie Phase aquifer (Orangeville Moraine). 

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 A3.9). The search radius is user defined for each 
hydrostratigraphic unit and can be modified during successive model runs until the modelled extent of a 
given unit 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 unit onto the 
virtual borehole trace. If there were insufficient data found (i.e., fewer than 3 picks for that unit) within 
the search radius, then an “absent” data elevation was assigned to the borehole trace. In Figure A3.9, 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 unit 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 A3.10 
shows the extent of one modelled surface (indicated by shaded cells). 

Recent changes to the interpolation process 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 A3.10) 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 Barrie–Oro moraine study where the overall data density 
dropped by nearly 60% compared with Waterloo Region and only a few borehole records reach bedrock 
(Burt and Dodge 2011). It was necessary to either increase the search radii to unrealistic dimensions (over 
5000 m for most 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 3.11A) (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 unit 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 unit. 
• Interpolation run 2:  Use a subset of the picks (HIGH) and MINNUM=1. Interpolate the 

elevation at each cell for every unit 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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• 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 unit has an absent 
elevation value indicating insufficient picks within the search radius. 

Simply put, during the interpolation process, a minimum of 1 high-quality, 2 medium-quality or 3 
medium- or low-quality picks (Figure A3.11B – A3.11D) 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 A3.11E). 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 A3.11F 
shows how increasing the search radius can dramatically change the modelled extent of a unit. 

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 A3.8. 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. 
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Figure A3.9. 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. 

 

Figure A3.10. 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. 



 

131 

 

Figure A3.11.  A) Each pick has been attributed with a quality of either high (orange), medium (green) or low (blue) based on 
the confidence in the source data. The quality field is used to weight the picks during the interpolation process. B – D) One high 
quality, 2 medium quality or 3 low quality (or 2 low and 1 medium) picks are required for the interpolated elevation to be 
assigned. E) The resulting surface is more continuous than that derived from the old OGS protocol with the most obvious 
changes occurring near the higher quality picks. F) Increasing the search radius results in an even more continuous surface. 
Typically, aquitards are assigned larger search radii than aquifers.  



 

132 

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 unit “n” with 1 
being the youngest (top elevation) and 17 being the oldest (lowest elevation) in the current study area. 
The rules are applied to each unit in turn starting from bedrock (n=17) and working up to AFA1 (n=1). 
Lower and upper strata refer to the unit immediately below or above the current unit. 

If Z(17) = absent, then exit. 
(i.e., make sure bedrock Z(17) 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 unit is estimated below the lower unit, then set it equal to the elevation of 
the lower unit. 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 unit is absent, then set it equal to the elevation of the lower unit. This means 
the unit is being pinched out on the lower unit.) 

If Z(n-1) is “actual” and Z(n) > Z(n-1), then Z(n) = Z(n-1) 
(i.e., if the upper unit is an actual value and the elevation of the current unit is estimated to be above the upper 
unit, then reset it equal to the upper unit. In this case, the current unit should actually be reset to the base of the 
upper unit. This is difficult to achieve in an automated fashion since the base of the upper unit 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 unit, then reset it equal to the 
elevation of the upper unit.) 

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 A3.12. 

The method for estimating strata elevations described above ensures that all 17 hydrostratigraphic 
units have elevations for each cell. The digital terrain models (DTMs) for each unit are created from these 
elevations so that all DTMs extend over the full extent of the data (Figure A3.13A). 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 unit 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 A3.13B). 
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Figure A3.12. Schematic representation of rules applied to picks and interpolated surfaces to prevent crossovers. In this example, 
if Layer 2 elevation < 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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Figure A3.13. Perspective view of DTMs for 2 surfaces (ATB1 is shown in green, AFB1 is shown in orange). Vertical 
exaggeration 30× in both A and B. A) DTM1: all surfaces are continuous surfaces with no holes. If a unit has “zero thickness” 
the surface will have the same elevation as the next older surface. B) DTM2: the surfaces have holes cut out where units are not 
present revealing the older (lower) surface. 
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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 A3.14). The planar dimensions of a subcell can be defined by the user, but it 
was decided that a 100 m cell size 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). 

 
Figure A3.14. Section view of A) wireframes representing modelled surfaces (DTM1), B) block model showing subcells, 
C) subcells that have been filled in (vertical exaggeration 20×).  

CALCULATING VOLUMES AND GRIDS 

The volume of each hydrostratigraphic unit 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 unit and by aquifer or 
aquitard class. 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 unit 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 A3.15). 
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Figure A3.15. Example of file containing X (“XPT” field), Y (“YPT” field) and Z (“ZPT” field) information for the top of each 
unit (“SEQNUM” and “STRATUM” fields) on a regular grid. The thickness of each unit is also recorded. A) Screen capture of 
the Datamine Studio® table. B) Example of the output (.csv) table. 

GENERATING MODEL OUTPUTS AND PRODUCTS 
As noted in the body of the report, the prime outputs from this study are digital and were delivered 
through a digital workflow. The components of this digital release are derived from the 3-D model and 
the processes used to generate it. They comprise both data and interpretative material. Many of the 
outputs are direct products of the modelling software used, Datamine Studio 3®, exported to portable 
document format (.pdf ) using Adobe Acrobat®. The latter include PDF versions of isopach and surface 
contour maps for all the hydrostratigraphic units identified, and cross-sections selected to illustrate the 
stratigraphy of the units. Datamine Studio 3® applications also generated the 3-D model as x, y, and z co-
ordinates in comma separated values (.csv) form. ESRI® ArcInfo® was used to produce georeferenced 
isopach and contour maps as zipped keyhole markup (.kmz) files viewable using Google Earth™ mapping 
service. The outputs are fully described in Appendix 4. 
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Appendix 4 

Outputs and Products 

INTRODUCTION 

This project has delivered comprehensive information describing the 3-D distribution and character of 
surficial materials that form groundwater aquifers and aquitards within the Orangeville–Fergus area of 
southwestern Ontario. As with previous studies in this series, the results are being published digitally. The 
data and derivative products are organized into a series of folders, each folder containing information of 
varying type and format (Table A4.1). Descriptions of all the outputs and products, their file structure, 
product descriptions and instructions on their use are detailed below. In addition, this appendix contains a 
list of previously released data sets and summary reports which have been tabulated with internet links.  

Printable structural contour maps depicting the surface topography and isopach maps depicting the 
thickness of each hydrostratigraphic unit as well as maps of the digitized points used to generate the 
surface have been exported directly from Datamine Studio®. A series of west-east and north-south cross-
sections spaced at 2 km intervals using both hydrostratigraphic and aquifer–aquitard legends are designed 
as quick reference guides.  

Table A4.1. Summary of model outputs and derivative products. 

Title Description Format 
Analytical Data Laboratory grain size and carbonate analysis results coded according to 

hydrostratigraphic unit and depositional environment. 
Microsoft® Access® 
database (.mdb),  
Microsoft® Excel® (.xls) 

ArcInfo Grids ESRI® ArcInfo® structural contour and isopach grids of modelled 
surfaces. Hillshade (25 m cell size) of the bedrock surface. 

ESRI® ArcInfo® raster data 
sets 

Google Earth Isopach (thickness) and structural contour maps of hydrostratigraphic 
units, subsurface database and excerpts from seamless geology maps 
viewable using Google Earth™ mapping service. 

Google Earth™ (.kml, .kmz) 
and portable network 
graphic (.png)  

Graphic Borehole 
Logs 

Graphic borehole logs depicting geological information, 
hydrostratigraphic units and select analytical results. 

Graphic (.pdf) 

Modelled Surfaces Comma-separated value files of x and y co-ordinates of 100 model 
cells and the elevation (z) and thickness of each hydrostratigraphic 
unit. Includes continuous and discontinuous surfaces. 

Comma-separated values 
(.csv)  

Movie Movie from the Waterloo Region 3-D project showing the use of the 
the Google Earth™ mapping service .kmz files.  

Movie (.avi) 

Plates High-resolution plates depicting borehole logs, unit distribution maps, 
isopach (thickness) maps, structural contour maps, bird’s-eye-view 
maps, cross-sections (hydrostratigraphic units and aquifer / aquitard 
class legends and aquifer vulnerability maps. 

Graphic (.pdf) 

Report Digital version of this report. Text and graphics (.pdf) 

Subsurface Data Data set used to construct the 3-D block model including location, 
formation and picks tables. 

Microsoft® Access® 
database 
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PREVIOUSLY RELEASED DATA AND REPORTS  

Data resulting from the 2008, 2009 and 2010 drilling programs have been published in 2 formats (see 
Table A4.2 for a list of previously released data and reports). The first product was a borehole release 
(Burt and Webb 2013) consisting of detailed written logs, graphic logs, analytical data (pebble counts, 
particle size analysis and carbonate analysis) and core photos as well as a visual representation of the 
information in a hyperlinked portable document format (.pdf) file accessible using Adobe Acrobat 
Reader® (Figure A4.1). Borehole releases, first developed for the Barrie–Oro Moraine 3-D project (Burt 
and Russell 2006, Burt 2007a) have become a standard product for 3-D Quaternary mapping projects.   

A new digital interactive product was designed to make hydrostratigraphic information available to 
clients prior to completion of the wireframe surfaces, 3-D block model and detailed report (Burt and 
Chartrand 2014). The product consists of new graphic logs (aquifer class, hydrostratigraphic unit, 
summary geology and interpreted environments) presented on interactive and printable maps accessible 
via a hyperlinked portable document format (.pdf) file accessible using Adobe Acrobat Reader® (Figure 
A4.2). This release also contains a slideshow of drilling operations and background information, 
including the conceptual geologic model and descriptions of the hydrostratigraphic units. Also included 
are the complete data set, as Microsoft® Excel® 2003 and Microsoft® Access® 2003 files, and a fully 
functioning ESRI® ArcGIS® project containing files used to build the hydrostratigraphic map.   

Other releases include short summary reports outlining field activities and preliminary results of the 
2008 and 2009 drilling programs and 2010 geophysical survey (Burt 2008, 2009; Burt and Rainsford 
2010), an extended report interpreting observations from natural and man-made exposures, drilling 
programs and radiocarbon analyses (Burt 2011) and the geological framework for the Orangeville–Fergus 
area (Burt 2012). 

Results of all 3 geophysical surveys were released as a geophysical data set (Ontario Geological 
Survey 2013a) that includes ground gravity and elevation data—both raw and processed—in ASCII and 
Geosoft® file formats, grids (in ASCII and Geosoft® (GRD file formats) of the gravity and elevation 
products, geoTIFF image of the residual Bouguer gravity grid, vector DXF files of station locations and 
residual Bouguer gravity contours, profiles of elevation, Bouguer gravity, regional gradient, and residual 
Bouguer gravity in portable document format (.pdf), and survey report and documentation in portable 
document format (.pdf). The results are also released in map form (Figure A4.3; Ontario Geological 
Survey 2013b, 2013c). 
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Figure A4.1. An example of a graphic log for BH01-OF-2008 (Burt and Webb 2013). 
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Figure A4.2. Screen capture of opening view of “magical map” (Burt and Chartrand 2014). 

 
Figure A4.3. Gravity map from the geophysical survey (OGS 2013b). 
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Table A4.2. Previously released products, reports and presentations that provide information on the Orangeville–Fergus study area. 

Product Reference URL 
Summary of field work 
article 

Burt, A.K. 2008. The Orangeville Moraine study: a new three-
dimensional Quaternary mapping project; in Summary of Field Work 
and Other Activities 2008, Ontario Geological Survey, Open File 
Report 6226, p.30-1 to 30-9. 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/OFR6226/OFR6226.pdf 

Summary of field work 
article 

Burt, A.K. 2009. The Orangeville Moraine project: an update of field 
activities; in Summary of Field Work and Other Activities 2009, 
Ontario Geological Survey, Open File Report 6240, p.22-1 to 22-3.  

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/OFR6240/OFR6240.pdf 

Summary of field work 
article 

Burt, A.K. and Rainsford, D.R.B. 2010. The Orangeville Moraine 
Project: buried valley targeted gravity study; in Summary of Field 
Work and Other Activities 2010, Ontario Geological Survey, Open File 
Report 6220, p.31-1 to 31-6. 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/OFR6260/OFR6260.pdf 

Summary of field work 
article 

Burt, A.K. 2011. The Orangeville Moraine project: preliminary results 
of drilling and section work; in Summary of Field Work and Other 
Activities 2011, Ontario Geological Survey, Open File Report 6270, 
p.28-1 to 28-34. 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/OFR6270/OFR6270.pdf 

Summary of field work 
article 

Burt, A.K. 2012. Conceptual Geologic Model for the Orangeville 
Moraine Three-Dimensional Project; in Summary of Field Work and 
Other Activities 2012, Ontario Geological Survey, Open File Report 
6280, p.32-1 to 32-6. 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/OFR6280/OFR6280.pdf 

MRD - results of 2008, 
2009 and 2010 drilling 
program 

Burt, A.K. and Webb, J.L. 2013. Results of the 2008, 2009 and 2010 
drilling programs in the Orangeville–Fergus area of southwestern 
Ontario; Ontario Geological Survey, Miscellaneous Release—Data 
303. 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/MRD303/MRD303.pdf 

MRD – Interactive map 
and coded 
hydrostratigraphic layers  

Burt, A.K. and Chartrand, J.E. 2014. Interactive graphic borehole logs 
and hydrostratigraphic correlations, Orangeville– Fergus three-
dimensional study area; Ontario Geological Survey, Miscellaneous 
Release—Data 313 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/MRD313/MRD313.pdf 

GDS – Gravity survey 
results 

Ontario Geological Survey 2013. Ontario geophysical surveys, ground 
gravity data, grid and point data (ASCII and Geosoft® formats) and 
vector data, Orangeville area; Ontario Geological Survey, Geophysical 
Data Set 1072. 

http://www.geologyontario.mndm
f.gov.on.ca/mndmfiles/pub/data/i
maging/GDS1072/GDS1072.pdf 

Geophysical map Ontario Geological Survey 2013. Ground gravity survey, residual of 
the Bouguer anomaly, Orangeville area; Ontario Geological Survey, 
Map 82 589, scale 1:50 000. 

http://www.geologyontario.mndm
.gov.on.ca/mndmaccess/mndm_di
r.asp?type=pub&id=M82589 

Geophysical map Ontario Geological Survey 2013. Ground gravity survey, residual of 
the Bouguer anomaly, Orangeville area; Ontario Geological Survey, 
Map 82 588, scale 1:50 000. 

http://www.geologyontario.mndm
.gov.on.ca/mndmaccess/mndm_di
r.asp?type=pub&id=M82588  

GSA North-Central 
section meeting oral 
presentation and published 
abstracts 

Burt, A. K. 2013. Three‐dimensional glacial geology of the interlobate 
Orangeville Moraine, southwestern Ontario, Canada; Geological 
Society of America Abstracts with Programs, v.45, no.4, p.19 

https://gsa.confex.com/gsa/2013N
C/webprogram/Paper218484.html 

GSA Annual Meeting oral 
presentation and published 
abstract 

Burt, A.K, Rainsford, D.R.B. and Bajc, A.F. 2011. Aquifer or drain? 
The southern Ontario Rockwood buried-bedrock valley;  2011 
Geological Society of America Annual Meeting, Paper No. 62-4, 
Minneapolis, MN. 

https://gsa.confex.com/gsa/2011A
M/finalprogram/abstract_197660.
htm 

GeoCanada conference 
poster presentation and 
published abstracts  

Burt, A.K., Bajc, A.F., Priebe, E. and Rainsford, D.R.B. 2010. Three-
dimensional geologic modelling for groundwater applications in 
Ontario; in Extended Abstracts, GeoCanada 2010, 4p. 

 

http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6226/OFR6226.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6226/OFR6226.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6226/OFR6226.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6240/OFR6240.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6240/OFR6240.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6240/OFR6240.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6260/OFR6260.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6260/OFR6260.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6260/OFR6260.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6270/OFR6270.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6270/OFR6270.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6270/OFR6270.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6280/OFR6280.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6280/OFR6280.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/OFR6280/OFR6280.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/MRD303/MRD303.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/MRD303/MRD303.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/MRD303/MRD303.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/MRD313/MRD313.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/MRD313/MRD313.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/MRD313/MRD313.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/GDS1072/GDS1072.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/GDS1072/GDS1072.pdf
http://www.geologyontario.mndmf.gov.on.ca/mndmfiles/pub/data/imaging/GDS1072/GDS1072.pdf
http://www.geologyontario.mndm.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=M82589
http://www.geologyontario.mndm.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=M82589
http://www.geologyontario.mndm.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=M82589
http://www.geologyontario.mndm.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=M82588
http://www.geologyontario.mndm.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=M82588
http://www.geologyontario.mndm.gov.on.ca/mndmaccess/mndm_dir.asp?type=pub&id=M82588
https://gsa.confex.com/gsa/2013NC/webprogram/Paper218484.html
https://gsa.confex.com/gsa/2013NC/webprogram/Paper218484.html
https://gsa.confex.com/gsa/2011AM/finalprogram/abstract_197660.htm
https://gsa.confex.com/gsa/2011AM/finalprogram/abstract_197660.htm
https://gsa.confex.com/gsa/2011AM/finalprogram/abstract_197660.htm
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Product Reference URL 
3-D modelling workshop 
presentation and published 
extended abstract 

Bajc, A.F., Burt, A.K. and Rainsford, D.R.B. 2011. Approaching a 
decade of three-dimensional mapping of Quaternary sediments in 
southern Ontario; a progress report from the Ontario Geological 
Survey; Geological Survey of Canada; Open File 6998, p.11-16. 

 

IAH conference oral 
presentation and published 
abstracts 

Burt, A.K. 2015. Hydrostratigraphy of the interlobate Orangeville 
Moraine, southwestern Ontario, Canada; Canadian National Chapter of 
the International Association of Hydrogeologists; Waterloo, Ontario, 
Canada  

https://gsa.confex.com/gsa/2015A
M/webprogram/uploadlistall.html 

Scroll to Abstract 38-5 

IAH conference oral 
presentation and published 
abstracts 

Burt, A.K. 2012. Three-dimensional (3-D) geologic mapping of glacial 
deposits at the Ontario Geological Survey:  examples from southern 
Ontario; 39th International Association of Hydrogeologists Congress, 
Niagara Falls, Ontario, Canada; Program and Abstracts p.238. 

 

Brazilian Geological 
Congress conference oral 
presentation and published 
abstracts 

Burt, A.K. 2012. Geological knowledge + spatial information systems 
= three-dimensional (3D) models + safer water; Abstract proceedings, 
46th Brazilian Geological Congress, Santos/São Paulo. 

 

Brazilian Geological 
Congress conference 
poster presentation and 
published abstracts 

Burt, A.K. 2012. Without geology there would be no hydrogeology — 
a Canadian perspective; Abstract proceedings, 46th Brazilian 
Geological Congress, Santos/São Paulo. 

 

ANALYTICAL DATA  

This folder contains the results of laboratory grain size and carbonate analysis results coded according to 
hydrostratigraphic unit and depositional environment. 

Carbonate Data 

Chittick analysis was undertaken on diamicton and fine-textured glaciolacustrine samples collected from 
cores drilled in 2008, 2009 and 2010. The results of these analyses were released previously in 
Miscellaneous Release—Data (MRD) 303 (Burt and Webb 2013) but have now been coded according to 
hydrostratigraphic unit and depositional environment and a few sample depth errors have been corrected. 
The results of all grain size analyses, including quality-control duplicate samples and standards, have 
been integrated into a single data file. Duplicate samples are noted by the letters DUP in the sample 
number. The total percent of carbonate, the percent of calcite and dolomite and the ratio of calcite to 
dolomite are the key data fields in this data set. This information can be used to characterize the study 
area tills.  

Grain Size Data 

Grain size analysis was undertaken on samples collected from cores drilled in 2008, 2009 and 2010. The 
results of these analyses were released previously in Miscellaneous Release—Data (MRD) 303 (Burt and 
Webb 2013) but have now been coded according to hydrostratigraphic unit and depositional environment 
and a few sample depth errors have been corrected.  

The results of all grain size analyses, including quality-control duplicate samples and standards, have 
been integrated into a single data file. Duplicate samples are noted by the letters DUP in the sample 
number. The first few columns identify the borehole and sample number, the sample depth, 

https://gsa.confex.com/gsa/2015AM/webprogram/uploadlistall.html
https://gsa.confex.com/gsa/2015AM/webprogram/uploadlistall.html
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hydrostratigraphic code and depositional environment. The sample identification information is followed 
by 2 sets of percent sand, silt and clay data. The first set is a summary and the second set breaks the sand 
and silt down into very coarse-, coarse-, medium-, fine- and very fine-textured fractions. Next are some 
statistical data obtained directly from the particle size analyzer. 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 next set of columns report the particle size in micrometres (μm) at various 
percentiles. 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). This 
information should be used to more fully characterize the nature of the modelled aquifers and aquitards. 

ARCINFO® GRIDS 

This folder contains 100 m ESRI® ArcInfo® structural contour and isopach grids for each 
hydrostratigraphic unit . The grids are presented as discontinuous units (i.e., data exist only where the 
units have been modelled to occur). A 25 m hillshade of the bedrock surface is also included. 

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 (Orangeville.kml) depicting the borehole locations used 
for the creation of the block model as well as the isopach and structural contour images for the 
hydrostratigraphic units. 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 units of information, such as bedrock and surficial geology. 

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

This folder contains borehole logs for the 43 continuously cored holes drilled in 2008, 2009 and 2010. 
Each log contains the following information, presented in a graphic (.pdf) format: 

Plot Item Description and Notes 
Depth  Depth below ground surface in metres 

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

Hydrostratigraphic Unit  This column identifies the interpreted hydrostratigraphic unit  

Summary Lithology Summary geologic information. 

Interpretation Interpreted depositional environments. 

Detailed Lithology  Detailed geologic information. The width and colour of each segment corresponds to the primary 
material type. 

Grain Size  The length of each coloured bar represents the percent of clay, silt and sand for each sample 
analyzed. 

Calcite The length of the coloured bar represents the percent of calcite in the sample matrix.  

Total Carbonate The length of the coloured bar represents the total percent of carbonate (calcite and dolomite) in the 
sample matrix.  

Calcite:Dolomite Ratio The length of the coloured bar represents the ratio of calcite to dolomite in the sample matrix.  

Pebble Lithology The length of each coloured bar represents the percent of limestone, dolostone, other Paleozoic and 
Precambrian clasts. 

Recovery The length of the coloured bar represents the percent of core recovered. 

Depth Depth below ground surface, in feet. 

MODELLED SURFACES 

This folder consists of 2 primary output comma-separated values (.csv) files generated from the block 
model. The continuous services.csv file includes the x and y centroid co-ordinates of each 100 m block 
and the surface elevation and thickness of every hydrostratigraphic unit (the thickness is zero if a given 
unit is absent). The discontinuous surfaces.csv file is restricted to the x and y co-ordinates and surface 
elevations where the hydrostratigraphic units are present. These files are designed as inputs for other 
software packages for hydrogeological modelling or visualization, such as the ESRI® ArcInfo® structural 
contour grids included in the digital data release. Note that the continuous services.csv file contains too 
many rows of information to fully load in Microsoft® Excel®. The volume of each hydrostratigraphic unit, 
classified by unit or by aquifer–aquitard class, is found in the remaining output file.  

The “Discontinuous Surfaces” file can be used to produce surfaces that are a true representation of 
the distribution of the hydrostratigraphic units modelled (i.e., elevation information occurs only where the 
units are present). The “Continuous Surfaces” file presents the hydrostratigraphic 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. 
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The centre point of each block 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) is identified in column SEQNUM and the coded name of each unit in column STRATUM. 
The final column, THICK, in the “Continuous Surfaces” file contains the thickness of each unit. Note that 
the thickness of the Paleozoic bedrock unit is NOT the true thickness of the rock, but rather the thickness 
above the base of the model. 

MOVIE 

This folder contains 1 movie from the Waterloo Region 3-D study, developed by Dr. Andy Bajc, 
illustrating the basic functions of the Google Earth™ mapping service. 

PLATES 

This folder contains high-resolution digital (.pdf) versions of Plates 1 to 12 (page size versions of which 
are in Appendix 1 of this report).  

Plate 1 depicts summary graphic logs for each of the 43 boreholes.  

Plates 2 to 5 depict compilations of distribution maps, structural contour maps, isopach maps and 
maps of the 3-D points (picks) used to generate each hydrostratigraphic surface. The structural contour 
and picks map plates have a map for each of the 17 hydrostratigraphic units, displayed in order from 
youngest to oldest. The isopach plate does not contain maps for the Paleozoic bedrock units as thickness 
information is not meaningful.  

Plate 6 depicts a series of “bird’s-eye-view” screen capture images of the mapped extent, structural 
contour and isopach maps of each hydrostratigraphic unit except units AFC1, ATC2 and AFH1, the 
distribution and thickness of which are negligible. Note that units ATA2-1 and ATA2-2 have been 
combined (ATA2). The maps are displayed in order from youngest to oldest. 

Plates 7 to 10 depict regularly spaced west-east and north-south cross-sections coloured using the 
hydrostratigraphic and aquifer/potential aquifer – aquitard legends, each of which has been split onto 2 
sheets (a and b) for easier viewing. Each plate includes a map of recoded surficial sediments overlain with 
a grid that is to be used to identify the location of individual cross-sections. The horizontal lines are 
labelled with letters and correspond with the west-east cross-section letters located along the left side of 
Plates 7 and 9. The vertical lines are labelled with numbers and correspond with the north-south cross-
section numbers located along the left side of Plates 8 and 10.  

Plate 11 depicts a compilation of the mapped extents of hydrostratigraphic units in the Orangeville–
Fergus, Waterloo Region (Bajc and Shirota 2007) and Brantford–Woodstock (Bajc and Dodge 2011) 
areas. The data used to create the maps were obtained from ArcInfo® grids released with each study. 

Plate 12 is composed of a series of maps that show the depth, identification, and elevation of the first 
aquifer encountered. The maps have been prepared for aquifers of at least 1 m, 3 m and 10 m in thickness 
in order to illustrate differences between thin and thick deposits. Sediment aquifers and areas where the 
depth to bedrock is 5 m or less are shown on the maps; areas left blank do not have mappable sediment 
aquifers and bedrock is more than 5 m below surface. 
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REPORT 

This folder contains a geological report (.pdf file; this document) that describes the geology of the 
Orangeville–Fergus area, the protocols established for 3-D modelling of the aquifers and aquitards and a 
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® Reader® 
version 7.0 or higher. 

SUBSURFACE DATA1 

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

Location Table 

The Location table contains 11 117 records and is an abridged version of the full modelling formation 
table. It includes the following fields: 

• ID automatically generated system field 
• BHID  an internal 7-character MNDM identification code used to link the tables in the 

subsurface database 
• XCOLLAR  the UTM easting co-ordinate in NAD83, Zone 17 
• YCOLLAR  the UTM northing co-ordinate in NAD8, Zone 17 
• ZCOLLAR  the ground surface elevation in metres asl obtained from the MNR DEM 
• TYPE  designates the method of excavation or type of record (e.g., water well, cut, 

probe) 
• SOURCE  where the record came from (e.g., MOECC1, MTO, CA (Conservation 

Authority), Consultant, OGS geoscientist) 
• METHOD excavation or boring method 
• SOURCEID  the original ID number 
• QUALITY  an estimation of the reliability of the source data (high, medium or low) 
• SHAPE automatically generated system field 

 
1The Ministry of the Environment and Climate Change (MOECC) 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 MOECC has advised the User that the Well Information may be 
incomplete or inaccurate. 
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Formation Table 

The Formation Table contains 44 852 records and is an abridged version of the full modelling formation 
table. It includes the following fields: 

• OBJECTID automatically generated system field 
• BHID  an internal 7-character MNDM identification code used to link the tables in the 

subsurface database 
• XCOLLAR  the UTM easting co-ordinate in NAD83, Zone 17 
• YCOLLAR  the UTM northing co-ordinate in NAD8, Zone 17 
• FROM  the top of the formation in metres below ground surface 
• TO  the bottom of the formation in metres below ground surface 
• PMAT this field contains the translated material type according to the 16 material 

classification scheme used for this project 
• ORIGINAL  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 
• SOURCEID  the original ID number 
• SHAPE automatically generated system field 
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Picks Table 

The Picks Table contains over 46 200 records. This table presents a single snapshot view of the 3-D 
points used to generate each modelled surface from March 2015. 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: 

• ID automatically generated system field 
• XPT the UTM easting co-ordinate in NAD83, Zone 17 
• YPT the UTM northing co-ordinate in NAD83, Zone 17 
• ZPT  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., 

ATA2, AFB1) 
• SEQNUM  the stratigraphic order of hydrostratigraphic unit where 1 is the youngest unit 

and 18 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 7-character MNDM 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. 

• QUALITY2  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., MOECC1, MTO, CA, Consultant, OGS 
geoscientist). Obtained from the Location Table. 

• SHAPE automatically generated system field 
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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 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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