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Introduction 

The Sedimentary Geoscience Section, Ontario Geological Survey, Ministry of Northern Development and 
Mines, is directing a groundwater mapping program with the long-term goals of characterizing 
groundwater resources and developing three-dimensional geological and aquifer maps for the province.  
As part of this program, the Ausable Bayfield Conservation Authority was provided funding to undertake 
a groundwater investigation in the northern part of Lambton County.   

The purpose of this investigation is to better define the relationship between shallow overburden 
aquifers, bedrock aquifers and Lake Huron in the study area.  In the northern part of Lambton County, 
high yield shallow overburden and bedrock aquifers have historically been exploited for domestic and 
agricultural usage.  In the past 15 years, reliance on groundwater has decreased due to the expansion of 
municipal water supplies from Lake Huron.  With recent concern regarding lower lake levels, increased 
attention has been placed on using groundwater supplies for irrigation.  Previous studies conducted for 
local municipalities have identified the shallow overburden and bedrock aquifers but have not determined 
the extent of hydraulic connection between these aquifers and the overlying surface water bodies. In 
general, the area lacks the detailed stratigraphic and hydrogeological information required to evaluate any 
potential hydraulic connection. 

Location  

The study area is located on the southeastern shore of Lake Huron and is defined by an area of low 
topographic relief commonly referred to as the Thedford Embayment (Figure 1, back pocket). It is 
bounded by Lake Huron to the west, and to the east and south by the elevated topographic feature 
associated with the former shorelines of glacial Lakes Algonquin and Nippissing.  The study area includes 
the communities of Grand Bend and Port Franks, as well as Pinery Provincial Park.   

Topography and Drainage 

The study area is drained primarily by the Ausable River and its tributaries.  The headwaters of the 
Ausable River begin in the Hibbert ward of West Perth, near the town of Mitchell.  The original path of 
the river flowed in a southerly direction and swung west towards Arkona, where it encountered a raised 
block of bedrock that forced the river northward to Grand Bend.  It was the lakes Nippissing–Algonquin 
bay-mouth bar deposits at Grand Bend that turned the river sharply to the south (hence the name “Grand 
Bend”), where it flowed parallel to the shoreline and eventually found an outlet to Lake Huron near Port 
Franks.  Two major diversions of the Ausable River occurred during the late 1800s, effectively draining a 
large area of marshlands and small lakes (i.e., lakes Burwell and Smith) and altering the river to its 
current flow path, where it outlets at Port Franks and Grand Band (Richardson 1949).  A further 
consequence of these diversions was the abandonment of the Ausable River channel that flowed parallel 
to the shoreline through Pinery Provincial Park. 
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Bedrock Geology 

The entire southwestern Ontario region is underlain by a 1200 m thick sequence of Paleozoic rocks that 
overlie crystalline Precambrian basement rocks.  The Paleozoic strata dip shallowly to the west toward the 
centre of the Michigan basin.  Within the study area, the uppermost Paleozoic rock assemblages consist of 
the older Dundee Formation and the younger, overlying Hamilton Group. 

Dundee Formation 

The middle Devonian rocks of the Dundee Formation subcrop beneath most of the study area, except for 
small areas in the southern and western portions of the study area. Here, the Hamilton Group overlies the 
Dundee Formation (Hewitt 1972).     

The Dundee Formation, which overlies the Lucas Formation of the Detroit River Group, is 
composed of fine- to medium-crystalline, grey to blue, fossiliferous limestones with granular textures.  
The Dundee Formation represents an open-marine depositional environment with abundant marine life 
(Hewitt 1972). 

Hamilton Group 

Overlying the Dundee Formation in southern and western parts of the study area are rocks of the 
Hamilton Group.  The Hamilton Group is composed of grey shales and limestones with abundant 
bituminous material.  Of note to this study is the Ipperwash Formation limestone of the Hamilton Group, 
which forms a cap over the softer and more erodible Arkona Formation shale.  Differential erosion 
between these 2 units is at least partly responsible for the development of the Ipperwash Escarpment, a 
cuesta that can be traced from the study area southwest to near Strathroy (Cooper 1979). 

Quaternary Geology 

St. Joseph Till 

The oldest Quaternary deposit of the area, the St. Joseph Till, directly overlies the Palaeozoic bedrock.  
The St. Joseph Till is associated with the most recent glacial advance in the area, the Port Huron Stadial 
(ca. 13 000 years ago).  The St. Joseph Till is confined to the area west of the Wyoming moraine and is 
typically a grey to light brown with a clay or clayey silt matrix.  In the study area, when encountered in 
drill holes, the St. Joseph Till is grey in colour and has a clayey silt matrix with occasional pebble- and 
cobble-sized clasts.   

Algonquin–Nipissing Lacustrine Deposits 

Following retreat of the ice margin associated with the Port Huron Stadial, sediments associated with 
glacial lakes Algonquin and Nipissing, including lacustrine clays and beach and bay-mouth sands and 
gravels, were deposited (Cooper 1979).  Both lakes Algonquin and Nipissing are thought to have been at 
an elevation of approximately 185 m asl in the study area and their deposits are therefore considered as 
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one feature.  Algonquin–Nipissing raised beach deposits and shore bluffs comprise the topographically 
distinct ridge that forms the outer edge of the Thedford Embayment.  Between this paleoshoreline and the 
present-day Lake Huron shoreline there exist large expanses of lacustrine clays that are associated with 
lakes Algonquin–Nipissing.  Additionally, 2 bay-mouth bar deposits are attributed to lakes Algonquin and 
Nipissing.  The first extends southward from Grand Bend and eventually intersects the paleoshoreline 
near Thedford.  The second runs south of Grand Bend almost parallel to Highway 21 in the study area and 
underlies Pinery Provincial Park. 

Following recession of Lake Nipissing, Quaternary deposits in the area were reworked by the 
Ausable River system and Lake Huron.  The Ausable River has locally dissected the Quaternary deposits. 
Periodic flooding of the Ausable River likely sustained the smaller lakes and marshes located within the 
study area (prior to their being drained), and modified the bay-mouth bar deposits in its search for an 
outlet to Lake Huron. Aeolian dune deposits have also been deposited on the westernmost bay-mouth bar 
deposit (in Pinery Provincial Park) and continue to be reworked. 

Hydrogeology 

Bedrock Aquifers 

The bedrock aquifer of the study area is located within the upper portions of the Dundee Formation and 
Hamilton Group.  The Dundee Formation is a highly productive, regionally significant aquifer and is used 
extensively outside the study area for domestic water supplies.  Within the study area, groundwater from 
the Dundee Formation is used primarily for agriculture because it is known to be highly sulphurous. Most 
domestic water wells within the study area have been completed into the shallow overburden aquifers.   

The upper portions of the Hamilton Group are also exploited as domestic drinking water sources, 
though significant extraction of potable drinking water from this unit is limited to the southwestern 
portion of the study area. 

Overburden Aquifer 

The shallow overburden aquifer is situated primarily within the Algonquin and Nipissing bay-mouth bar 
deposits and recent aeolian dunes distributed along the shoreline of Lake Huron.  This high-yield aquifer 
historically was extensively used as a source of domestic drinking water, typically through shallow  
(<10 m) sandpoints or bored wells.  Reliance on this shallow overburden aquifer has decreased with the 
expansion of the Lake Huron municipal water supplies.  

Previous Work 

Hewitt (1972) and Cooper (1979) published maps on the Paleozoic and Quaternary geology of the area, 
respectively. Steinbachs (1999) investigated the hydrogeology of the Pinery Provincial Park area. 
Simpson (2001) studied the isotopic relationship between meteoric, surface and groundwater in Pinery 
Provincial Park.   

B.M. Ross and Associates (2001) and Golder Associates (2002) completed groundwater quality 
studies for the Town of Bosanquet and Huron County, respectively.   
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As part of a program funded by the Ontario Ministry of the Environment, groundwater studies were 
completed for Lambton County (Dillon Planners and Consultants Incorporated 2003) and Huron County 
(International Water Consultants 2003). Both studies identified groundwater in the study area as being 
highly susceptible to contamination. 

During the establishment of the provincial groundwater monitoring network (initiated by the Ontario 
Ministry of the Environment and presently administered by Conservation Ontario), conservation 
authorities were asked to identify “aquifers of interest” within their watersheds.  Ausable Bayfield 
Conservation Authority identified a notable data gap for the overburden aquifer in the vicinity of Pinery 
Provincial Park. 

Field Program 

Drilling Program 

The field program for the North Lambton groundwater investigation was developed following a literature 
review and compilation of available data.  Compilation of geological and hydrogeological data, including 
information from water wells and petroleum exploration wells, revealed little bedrock drilling in the study 
area, and that existing subsurface geological information was restricted to the peripheries of the study 
area.   

Two drilling locations (NL-1: Klondyke Road; NL-2: Pinery Provincial Park) were selected to define 
stratigraphy within areas identified as having data gaps (see Figure 1, back pocket).  In addition, a 
piezometer was installed in NL-2 to provide a comparison of water levels between overburden and 
bedrock aquifers and Lake Huron.  

Boreholes NL-1 and NL-2 were drilled using a mud rotary system, and samples of cuttings were 
collected and logged at approximately 1.2 m intervals, with more frequent samples collected within 
variable stratigraphy.  Borehole logs for NL-1 and NL-2 are shown in Figure 2. 

Borehole NL-1 was drilled to a depth of 43.3 m.  From ground surface, it intersected 7.3 m of brown, 
medium-grained sand, underlain by 34.7 m (7.3 m to 42 m) of grey, clayey silt with some large (medium 
gravel) clasts, and 1.3 m (42 m to 43.3 m) of greyish brown, microcrystalline limestone. The upper 
sequence of sand and gravel, which also includes dark, rounded wood chips between 5 and 6 m below the 
ground surface is interpreted to represent an Algonquin–Nipissing beach environment.  The underlying 
grey clayey silt is consistent with descriptions of the St. Joseph Till in the area.  The greyish brown 
limestone intersected at the bottom of the hole is interpreted to be part of the Dundee Formation. Two 
high-yielding, water-bearing horizons were intersected at 1.4 m and 43 m below ground surface. 

Borehole NL-2 was completed to a total depth of 65.8 m.  It intersected 21.3 m of brown, medium-
grained sand, underlain by 38.2 m (21.3 m to 59.5 m) of grey, clayey silt with rare large (medium gravel) 
clasts and 6.3 m of greyish brown, microcrystalline limestone. The upper sequence of medium-grained 
sand is interpreted as Algonquin–Nippissing bay-mouth bar and more recent aeolian sands. The 
underlying grey clayey silt is interpreted as St. Joseph Till and the bedrock is interpreted as Dundee 
Formation. A high-yield, water-bearing horizon was intersected at 4 m below ground surface. A second 
water-bearing horizon at 60 m below ground surface had a distinctive sulphurous odour. 
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Water Level Monitoring Program 

A network of piezometers located within Pinery Provincial Park is still in use for research activities by the 
University of Western Ontario (Steinbachs 1999).  The piezometers are all completed in the overburden 
aquifer. Permission from the university was granted to incorporate borehole logs and measure water level 
elevations from this network. Locations of the piezometers are shown in Figure 1 (identified as “UWO 
wells”), and water level data are shown in Table 1. 

Ausable Bayfield Conservation Authority currently maintains 14 groundwater wells throughout its 
watershed as part of the Provincial Groundwater Monitoring Network (PGMN).  Each PGMN well is 
equipped to collect water level elevation and temperature on an hourly basis and with cellular telemetry 
for remote access data retrieval.  This data is also routinely downloaded at the well site by Ausable 
Bayfield Conservation Authority staff and is stored on its local network.  Remote access data retrieval is 
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managed by the Ontario Ministry of the Environment and is housed at the Provincial Groundwater 
Management Information System (PGMIS) site (http://www.ene.gov.on.ca/environet/pgmis/).    

A couple of PGMN wells are located within the vicinity of the study area. One is an overburden well 
identified as “Museum”.  The other is a bedrock well located slightly east of the study area and is 
identified as “Shipka”.  Water level data and original well records from the Museum and Shipka wells are 
presented and analyzed in this investigation.    

Water levels from all piezometers located in Pinery Provincial Park, including NL-2, were measured 
on August 23, 2004, and again on October 14, 2004, using a water level tape.  Raw water level data from 
the Shipka and Museum wells were downloaded and Lake Huron water level information was obtained 
from the International Joint Commission on the Great Lakes’ monthly bulletin, the Monthly Water Level 
Bulletin, prepared by the Canadian Hydrographic Service.  Water level results are presented in Table 1.   

Table 1. Water level elevations for the piezometer network in Pinery Provincial Park and for Lake Huron during 2004.  
Well ID Ground Surface 

Elevation (m asl) 
Static Water Level (m asl) 

Date  07/27/04 08/23/04 09/13/04 10/14/04 11/09/04 11/23/04 
PP2 186.99 179.85 179.78  179.52   
PP3 185.48 180.66 180.6  180.4   
PP4 186.53 180.11 180.1  179.89   
PP7 182.29 177.4 177.37  177.33   
PP8 182.88 177.66 177.65  177.55   
PP10 182.78 178.45 178.51  178.263 178.15 178.7 
PP12 186.56 178.64 178.75  178.5   
PP14 182.01 178.4 178.54  178.31   
PP15 180.41 178 178.15  177.91   
PP16 180.7 177.44 177.6  177.4   
PP19 183.09 178.18 178.13  178.04   
PP20 182.14 178.52 178.38  178.19   
PP21 184.2 178.126 178.06  177.86   
NL-2 181.65  177.52 177.48 177.5 177.46 177.47 

Museum* 184.5 180.47 180.4 180.37 180.3   
Shipka* 202 179.53 179.58 179.57 179.59   

Lake Huron** 176 (datum) 176.37 176.33 176.28 176.15 176.1 176.1 

* Water level elevations obtained from the Provincial Groundwater Monitoring Network logger. 
**Average monthly water level elevation from Monthly Water Level Bulletin, Canadian Hydrographic Service. 

The water level elevations from overburden wells indicate that the water table topography is similar 
to ground topography in the study area. Groundwater in the unconfined overburden aquifer flows 
westward toward Lake Huron. Water level elevations are much higher than that of Lake Huron and the 
abandoned Ausable river channel, suggesting that groundwater discharges into both these surface water 
bodies.   

Water level elevations from Shipka and NL-2 suggest that groundwater flow in the Dundee 
Formation bedrock aquifer is toward the west. Static water level elevations from these 2 wells are below 
those from the overburden wells.  These data are consistent with the overburden aquifer being perched 
above the St. Joseph Till, which acts as a confining layer above the bedrock aquifer. 

http://www.ene.gov.on.ca/environet/pgmis/
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Water Quality Sampling Program 

Initial interpretation of water well records within the study area indicated that 2 predominant bedrock 
aquifers exist within the study area. In the southwestern region of the study area, water wells completed 
within limestone and shale bedrock are interpreted to be representative of the Hamilton Group.  In the 
northern end of the study area, water wells completed within limestone are interpreted to be representative 
of the Dundee Formation. To characterize groundwater quality from these 2 bedrock aquifers, 3 water 
wells were sampled from each aquifer.  The 6 bedrock water wells selected for sampling comprise NL-2 
and Shipka and 4 privately owned wells (Dundee-1, Hamilton–1, Hamilton–2, and Hamilton–3).  
Privately owned wells are identified according to the target aquifer to ensure landowner privacy.     

A total of 6 groundwater samples were collected from water wells completed within various 
overburden aquifers.  Sampled overburden wells consisted of PP10, PP19 (from the University of 
Western Ontario monitoring network), Museum (one of Ausable Bayfield Conservation Authority’s 
PGMN wells) and 3 privately owned wells (Overburden-1, Overburden-2, and Overburden-3).  The 
overburden wells were selected based on their accessibility, location within the study area, and their 
proximity to sampled bedrock wells.   

Sampling procedures differed according to well type.  Wells PP10 and PP19 were sampled using 
dedicated Waterra Inertial Pump systems, and were manually purged of 3 well volumes prior to sampling.  
Well NL-2, Shipka and Museum were purged and sampled using a Solinst submersible pump.  In these 
wells, 3 well volumes were purged prior to sampling. All but one of the private wells were in daily use 
supplying irrigation or domestic water and so were purged only to remove standing water from within the 
plumbing.  Samples from private wells were obtained from a tap. In all cases, the sample was collected 
prior to it undergoing any treatments (such as water softening or filtration).  For the 1 private water well 
that was no longer in daily use, 3 well volumes were purged prior to sampling.  One of these wells, a sand 
point, was sampled from an existing, attached hand pump.   

With the exception of the sand point, all well records were reviewed prior to sampling to ensure that 
sampling of intended aquifers was being achieved.  Description of the sand point construction and 
correlation of surrounding water well records indicated that sampling of the sand point would fulfill the 
criteria set forth for the water quality sampling portion of this study.           

Results of the groundwater sampling are discussed according to the aquifer from which they 
originated.  The raw water quality results are presented in Appendix A of this report. 

Dundee Formation Aquifer 

Groundwater samples from the Dundee Formation aquifer were obtained from NL-2, Shipka and  
Dundee-1. The samples are bicarbonate in character and are similar to groundwater samples from the 
Dundee Formation in Huron County (Golder Associates 2002).  Samples have hardness levels ranging 
from 77.3 to 261 mg/L, and have fluoride values approaching or exceeding provincial water quality 
standards (1.43 to 1.75 mg/L).  Aesthetically, the most obvious trend in groundwater quality for the 
Dundee Formation is the elevated level of sulphate in some samples (ranging from 45 to 206 mg/L).   
NL-2 shows elevated sodium and chloride levels, which may indicate some contamination from salt, 
perhaps a result of the historical exploitation of salt deposits from brine wells (Stott 1998). 
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Hamilton Group Aquifer 

Groundwater samples from the Hamilton Group aquifer were obtained from Hamilton-1, Hamilton-2 and 
Hamilton-3. The samples are bicarbonate in character and display similar chemical characteristics as 
those of the Dundee Formation. Elevated hardness and calcium are typical for carbonate bedrock aquifers.  
Samples from the Hamilton Group aquifer may be distinguishable from those of the Dundee Formation 
by their relatively low fluoride levels (<0.5 mg/L). The exception is Hamilton-3 (2.7 mg/L), which may 
be tapping the deeper, underlying Dundee Formation aquifer.  Samples from Hamilton-1 and Hamilton-2 
show elevated levels of sodium and chloride, which may represent contamination from non-
decommissioned historical brine wells. 

Overburden Aquifers 

Samples from the overburden aquifers are bicarbonate in character, and demonstrate similar chemical 
attributes to those from the bedrock aquifers.  This is consistent with the composition of the overburden 
material, which likely has a local provenance.  The samples can be differentiated by significantly lower 
levels of fluoride (<0.19 mg/L) than the bedrock samples (>0.37 mg/L).  Overburden samples also tend to 
have lower sulphate levels than bedrock samples.  Overall, samples from overburden aqufiers had lower 
total dissolved solids than samples from bedrock aquifers, which may reflect a longer residence time of 
groundwater in the bedrock aquifers.  Overburden samples exhibit elevated levels of nitrates (0.1 to  
4.99 mg/L) and low hardness.  This is typical of shallow unconfined aquifers with some impact due to 
human activity.  There is no evidence of elevated levels of sodium or chloride.  

Summary 

The analytical results in Appendix A represent a “snapshot” of the groundwater quality from a number of 
water wells in the study area.  It is an insufficient database and should not be used to characterize the 
ambient quality of groundwater in the various bedrock and overburden aquifers from which the samples 
were taken.  Nonetheless, sampling from the bedrock (Dundee and Hamilton formations) and overburden 
aquifers indicates differing and perhaps distinguishing chemistries.  Although overburden aquifers are 
bicarbonate in character, similar to the bedrock aquifers, they can be readily distinguished by their 
relatively low levels of fluoride, and to a lesser extent, lower calculated hardness, sulphate and calcium.   

Conceptual Hydrogeological Model 
Information from oil and gas borehole logs, water well records and other subsurface data were used to 
generate cross sections through the study area (Figures 3, 4, 5 and 6).  Lithological units were correlated 
across the sections and water levels, where available, were plotted.    

A conceptual hydrogeological model for the study area was developed based on the cross sections 
provided as well as the evidence gathered from drilling, water level measurement and the water quality 
sampling results.   

Three major hydrostratigraphic units are identified: the overburden aquifer, the St. Joseph Till 
aquitard and the bedrock aquifer. 
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Hydrostratigraphic Unit 1: Shallow Overburden Aquifers 

Shallow, unconfined overburden aquifers within the study area are located entirely within the Algonquin–
Nipissing shoreline deposits and the more recent Lake Huron-associated aeolian dune deposits.  For the 
purposes of conceptual modelling, these shallow aquifers are collectively termed “hydrostratigraphic unit 
1.” This unit is, in fact, 2 separate overburden deposits in 2 discrete locations but at roughly the same 
stratigraphic interval. The first begins at the Lake Huron shoreline in the vicinity of Port Frank, reaches a 
maximum thickness of approximately 75 m where the aeolian dunes are most pronounced (see Figure 1), 
and gradually pinches out to the east.  The second can be found at the very eastern portion of the study 
area where the Algonquin–Nipissing shoreline deposit meets the base of the Wyoming moraine.  These 2 
separate overburden deposits are not continuous and are not hydraulically connected. 

The modeled hydrostratigraphic unit that comprises the 2 deposits is composed of both lacustrine 
and bay-mouth bar sand and gravel deposits.  This unit is highly permeable and unconfined and is, 
therefore, recharged in situ.  Due to its high permeability and local recharge, this aquifer should be 
considered highly susceptible to contamination from surface activities.  In the western occurrence of this 
unit (near Lake Huron and encompassing Pinery Provincial Park), it is underlain by the clay-rich St. 
Joseph Till, and is interpreted as having a perched water table.  Within the western occurrence of this unit, 
groundwater flow is predominantly horizontal and discharges into the old Ausable River channel, Lake 
Huron, the wetlands (former lakes Smith and Burwell) and potentially the Ausable River to the east.  In 
this area, the underlying St. Joseph Till is interpreted to be persistent, so there is no hydraulic connection 
between hydrostratigraphic unit 1 and the bedrock aquifer. 

The eastern occurrence of this unit, located at the base of the Wyoming moraine, is not underlain by 
the St. Joseph Till and lies directly on bedrock (see Figure 5). In this area, the unit represents an important 
regional recharge area for the bedrock aquifers.  Groundwater level data for this unit was not available in 
this area.  

Hydrostratigraphic Unit 2: St. Joseph Till Aquitard 

Hydrostratigraphic unit 2, underlying hydrostratigaphic unit 1, is an aquitard representing St. Joseph Till.  
Within the study area this unit is composed of a silty-clay matrix supporting occasional gravel to cobble 
size clasts.  This unit is interpreted to underlie the entire western portion of the study area, and pinches 
out east of the study area at the base of the Wyoming moraine. Due to the low permeability and thickness 
of this unit, it is interpreted as a confining layer within the study area—supporting the observations of a 
perched water table for hydrostratigraphic unit 1—and it acts as a confining layer over the underlying 
bedrock aquifer.  This is supported by observations in drill logs, which showed the St. Joseph Till to have 
notably higher water content close to the contacts with both aquifers. 

This unit is absent at the base of the Wyoming moraine in the eastern part of the study area, where 
and sand and gravel deposits directly overlie the bedrock aquifer. Indeed, the surficial sand and gravel 
deposits in the eastern part of the study area may represent an important recharge area to the bedrock 
aquifer; however, this interaction is beyond the scope of this project. 
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Hydrostratigraphic Unit 3: Bedrock Aquifer 

Hydrostratigaphic unit 3 is interpreted as a bedrock aquifer representing the uppermost portions of the 
Dundee Formation and Hamilton Group.  This unit is overlain by hydrostratigraphic unit 2 (an aquitard), 
making it a confined aquifer. Groundwater within hydrostratigraphic unit 3 is interpreted to flow from 
east to west as part of a larger, regional groundwater system (International Water Consultants 2003; 
Dillon Planners and Consultants Incorporated 2003).  Recharge for this aquifer is predominantly outside 
of the study area, with the exception of the area just west of the Wyoming moraine (see Figure 5).  Here, 
the unit is interpreted to directly underlie hydrostratigraphic unit 1, a shallow overburden aquifer. 
Groundwater from hydrostratigraphic unit 3 is interpreted to discharge to the west of the study area into 
Lake Huron. 

Summary and Conclusions 

The relationship between the overburden aquifer, bedrock aquifer and Lake Huron in the area is very 
important for the residents of the study area because they rely on these sources of water for drinking, 
irrigation and recreation. 

Based on observations of the geology, groundwater levels and groundwater quality, there is no 
evidence of hydraulic connection between overburden aquifers and bedrock aquifers within the study 
area. In fact, the presence of the St. Joseph Till between these 2 aquifer types within the study area 
planning region itself should prevent any substantial interaction between them.  There is potential, east of 
the study area, that the absence of the St. Joseph Till may allow direct interaction between the shallow 
overburden and bedrock aquifers.  However, water level and water quality results, as well as the 
discontinuous nature of the Nippissing–Algonquin shoreline and bay-mouth bar deposits (which do not 
extend east to the base of the Wyoming moraine), support the conclusion that there is no substantial 
hydraulic connection between the aquifers. 

Both the bedrock and overburden aquifers are viable sources of groundwater for domestic 
consumption.  The bedrock aquifer should continue to be a regionally important source of water for both 
drinking supplies and irrigation in the future.  The overburden aquifer is also important for sustaining 
water levels in the old Ausable River channel.  However, this unconfined, high permeability aquifer is 
very susceptible to contamination from surface sources and is already showing impacts of human usage. 

Further study should address the relationship to the Algonquin–Nippissing shoreline deposits where 
they directly overlie the bedrock aquifer.  This area may be an important recharge area to the regionally 
significant bedrock aquifer and warrants further investigation. 

References 
Cooper, A.J. 1979. Quaternary geology of the Grand Bend–Parkhill area, southern Ontario; Ontario Geological 

Survey, Report 188, 70p. 

B.M. Ross and Associates Limited. 2001.  Town of Bosanquet study of rural water quality; unpublished report, B.M. 
Ross and Associates, 17p. 

Dillon Planners and Consultants Incorporated. 2003.  Draft County of Lambton groundwater study; County of 
Lambton, 214p. 



 

15 
 

Golder Associates 2002.  Huron County groundwater quality study; County of Huron, 112p. 

Hewitt, D.F. 1972. Paleozoic geology of southern Ontario; Ontario Division of Mines, Geological Report 105, 18p.   

International Water Consultants. 2003.  Draft County of Huron groundwater study; County of Huron, 235p. 

Richardson A.H. 1949. Ausable Valley Conservation Report, Part IV Water. Province of Ontario; Ministry of 
Natural Resources, Department of Planning and Development, 356p.  

Simpson, S. 2001. The stable isotope hydrology of the precipitation-ground water-surface water system at Pinery 
Provincial Park; unpublished MSc thesis, University of Western Ontario, London, Ontario, 211p. 

Steinbachs, J. 1999. Hydrogeology of the Old Ausable River Channel (OARC) watershed, Grand Bend, Ontario; 
unpublished MSc thesis, University of Western Ontario, London, Ontario, 165p. 

Stott, G. 1998.  “Yon sand-beaten shore”: The story of Port Franks, Ontario; unpublished report. 

 



16 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

This page left blank intentionally. 

 



 

17 
 

 

 

Appendix A 

Water Quality Sampling Results 
 



18 

 
Sample Description   Hamilton 1 Hamilton 2 Hamilton 3 Overburden 1 
Date Sampled   26-Oct-04 26-Oct-04 26-Oct-04 20-Oct-04 
Time Sampled   12:00 11:00 11:30 14:00 
Parameter Units EQL 04-A040689 04-A040690 04-A040691 04-A040009 
pH Value pH units 0.1 8.19 8.26 8.53 7.49 
Ammonia as N mg/L 0.05 0.49 0.33 < 0.05 < 0.05 
Nitrate as N mg/L 0.1 < 0.1 < 0.1 < 0.1 0.24 
Nitrite as N mg/L 0.02 < 0.02 < 0.02 < 0.02 < 0.02 
Nitrate + Nitrite as N mg/L 0.1 < 0.1 < 0.1 < 0.1 0.24 
Carbon, Diss. Org. as C mg/L 0.5 4 2.2 2.8 1.7 
Phosphorus, Total as P mg/L 0.02 < 0.02 < 0.02 0.03 < 0.02 
Phosphorus,Diss.Orth as P mg/L 0.002 0.002 0.003 < 0.002 0.003 
Conductivity uS/cm 1 930 1660 1420 492 
Sulphate as SO4 mg/L 2 229 122 2 20 
Alkalinity CaCO3 mg/L 5 198 269 200 254 
Chloride as Cl mg/L 1 39 273 300 4 
Colour TCU 2.5 2.6 < 2.5 < 2.5 < 2.5 
Fluoride  F mg/L 0.1 0.37 0.5 2.7 < 0.1 
Calculated Hardness 
CaCO3 mg/L  481 222 190 261 
Turbidity NTU 0.1 3 0.24 0.93 5.5 
Bicarbonate as HCO3 mg/L  195 264 194 253 
Carbonate CO3 mg/L  3 5 6 1 

Coliform, Total 
CFU/100 

mL 0 1400 8 22 32 

Background Count 
CFU/100 

mL 0 8500 76 1620 2400 

E. coli 
CFU/100 

mL 0 < 2 1 0 < 2 
Total Cation meq/L  11.46 14.81 13.33 5.35 
Total Anions meq/L  9.82 15.62 12.5 5.63 
Ion Balance % diff.  7.68 2.64 3.22 2.56 
Calculated T.D.S. mg/L  633 1115 914 279 
Calculated Conductivity us/cm  1185 1782 1539 496 
Saturation pH @4C pH units  7.5 7.63 8.31 7.56 
Saturation pH @20C pH units  7.1 7.23 7.91 7.16 
Langelier Index @4C   0.69 0.63 0.22 -0.07 
Langelier Index @20C   1.09 1.03 0.62 0.33 
Aluminum Al mg/L 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
Antimony Sb mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
Arsenic As mg/L 0.002 0.004 < 0.002 < 0.002 < 0.002 
Barium Ba mg/L 0.005 0.042 0.869 0.014 0.016 
Beryllium Be mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Bismuth Bi mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Boron B mg/L 0.005 0.099 1.7 1.46 0.009 
Cadmium Cd mg/L 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Calcium Ca mg/L 0.5 129 74.1 20.5 80.7 
Chromium Cr mg/L 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
Cobalt Co mg/L 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Copper Cu mg/L 0.0005 0.0167 < 0.0005 < 0.0005 0.018 
Iron Fe mg/L 0.03 6.73 0.17 < 0.03 < 0.03 
Lead Pb mg/L 0.0005 0.0032 < 0.0005 < 0.0005 0.0005 
Magnesium Mg mg/L 0.05 38.7 9.09 33.7 14.4 
Manganese Mn mg/L 0.005 0.061 0.007 0.032 < 0.005 
Molybdenum Mo mg/L 0.001 0.002 0.002 < 0.001 < 0.001 
Nickel Ni mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Potassium K mg/L 0.1 32.8 3 5.5 1.3 
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Sample Description   Hamilton 1 Hamilton 2 Hamilton 3 Overburden 1 
Date Sampled   26-Oct-04 26-Oct-04 26-Oct-04 20-Oct-04 
Time Sampled   12:00 11:00 11:30 14:00 
Selenium mg/L 0.002 < 0.002 < 0.002 < 0.002 < 0.002 
Silicon Si mg/L 0.05 7.27 3.48 3.23 3.04 
Silver Ag mg/L 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Sodium Na mg/L 0.1 22.1 236 216 2.3 
Strontium Sr mg/L 0.001 0.223 0.948 0.831 0.07 
Thallium Tl mg/L 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 
Tin Sn mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Titanium Ti mg/L 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
Uranium U mg/L 0.0001 0.0007 < 0.0001 < 0.0001 0.0007 
Vanadium V mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 0.001 
Zinc Zn mg/L 0.005 0.331 < 0.005 < 0.005 0.226 

 
 

Sample Description   Overburden 2 PP10 (UWO) PP19 (UWO) MUSEUM 
Date Sampled   21-Oct-04 14-Oct-04 14-Oct-04  7-Oct-2004 
Time Sampled   15:30 15:15 15:00 13:15 
Parameter Units EQL 04-A040010 04-A039035 04-A039036 04-A038070 
pH Value pH units 0.1 7.32 8.2 8.16 7.79 
Ammonia as N mg/L 0.05 < 0.05 < 0.05 < 0.05 < 0.05 
Nitrate as N mg/L 0.1 4.71 0.21 0.14 < 0.1 
Nitrite as N mg/L 0.02 0.28 < 0.02 < 0.02 < 0.02 
Nitrate + Nitrite as N mg/L 0.1 4.99 0.21 0.14 < 0.1 
Carbon, Diss. Org. as C mg/L 0.5 5.8 1.1 2.2 0.8 
Phosphorus, Total as P mg/L 0.02 < 0.02 < 0.02 < 0.02 < 0.02 
Phosphorus,Diss.Orth as P mg/L 0.002 0.005 < 0.002 < 0.002 < 0.002 
Conductivity uS/cm 1 835 445 399 447 
Sulphate as SO4 mg/L 2 24 7 11 20 
Alkalinity CaCO3 mg/L 5 280 207 201 187 
Chloride as Cl mg/L 1 77 12 2 10 
Colour TCU 2.5 16.3 4.8 6.3 4.3 
Fluoride  F mg/L 0.1 0.19 0.14 < 0.1 0.15 
Calculated Hardness 
CaCO3 mg/L  329 195 205 234 
Turbidity NTU 0.1 0.23 2 8.31 7.39 
Bicarbonate as HCO3 mg/L  279 204 198 186 
Carbonate CO3 mg/L  1 3 3 1 

Coliform, Total 
CFU/100 

mL 0 10   < 10 

Background Count 
CFU/100 

mL 0 9700   < 10 

E. coli 
CFU/100 

mL 0 < 10   < 10 
Total Cation meq/L  8.56 4.5 4.14 4.83 
Total Anions meq/L  8.63 4.64 4.32 4.44 
Ion Balance % diff.  0.41 1.56 2.02 4.19 
Calculated T.D.S. mg/L  505 245 210 232 
Calculated Conductivity us/cm  864 423 381 434 
Saturation pH @4C pH units  7.4 7.74 7.78 7.78 
Saturation pH @20C pH units  7 7.34 7.38 7.38 
Langelier Index @4C   -0.08 0.46 0.38 0.01 
Langelier Index @20C   0.32 0.86 0.78 0.41 
Aluminum Al mg/L 0.005 0.009 < 0.005 0.022 < 0.005 
Antimony Sb mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 < 0.0005 
Arsenic As mg/L 0.002 < 0.002 < 0.002 < 0.002 < 0.002 
Barium Ba mg/L 0.005 0.016 0.018 0.011 0.036 
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Sample Description   Overburden 2 PP10 (UWO) PP19 (UWO) MUSEUM 
Date Sampled   21-Oct-04 14-Oct-04 14-Oct-04  7-Oct-2004 
Time Sampled   15:30 15:15 15:00 13:15 
Beryllium Be mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Bismuth Bi mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Boron B mg/L 0.005 0.025 < 0.005 0.008 < 0.005 
Cadmium Cd mg/L 0.0001 0.0001 < 0.0001 < 0.0001 < 0.0001 
Calcium Ca mg/L 0.5 110 64.4 60 64.7 
Chromium Cr mg/L 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
Cobalt Co mg/L 0.0001 0.0003 < 0.0001 0.0004 0.0003 
Copper Cu mg/L 0.0005 0.003 < 0.0005 0.0005 < 0.0005 
Iron Fe mg/L 0.03 0.18 0.06 < 0.03 0.84 
Lead Pb mg/L 0.0005 0.0009 < 0.0005 < 0.0005 < 0.0005 
Magnesium Mg mg/L 0.05 13.1 8.23 13.4 17.5 
Manganese Mn mg/L 0.005 0.037 < 0.005 0.021 0.056 
Molybdenum Mo mg/L 0.001 0.002 < 0.001 < 0.001 < 0.001 
Nickel Ni mg/L 0.001 0.001 < 0.001 < 0.001 < 0.001 
Potassium K mg/L 0.1 2.8 0.9 0.5 0.7 
Selenium mg/L 0.002 < 0.002 < 0.002 < 0.002 < 0.002 
Silicon Si mg/L 0.05 3.13 2.23 3.01 4.61 
Silver Ag mg/L 0.0001 < 0.0001 < 0.0001 < 0.0001 < 0.0001 
Sodium Na mg/L 0.1 44.1 13.4 0.8 3.2 
Strontium Sr mg/L 0.001 0.13 0.058 0.044 0.052 
Thallium Tl mg/L 0.00005 < 0.00005 < 0.00005 < 0.00005 < 0.00005 
Tin Sn mg/L 0.001 < 0.001 < 0.001 < 0.001 < 0.001 
Titanium Ti mg/L 0.005 < 0.005 < 0.005 < 0.005 < 0.005 
Uranium U mg/L 0.0001 0.0007 0.0002 < 0.0001 0.0004 
Vanadium V mg/L 0.0005 0.0031 < 0.0005 < 0.0005 < 0.0005 
Zinc Zn mg/L 0.005 0.994 < 0.005 < 0.005 < 0.005 

 
 

Sample Description   SHIPKA Dundee 1 NL-2 
Date Sampled    8-Oct-2004 13-Oct-04 14-Oct-04 
Time Sampled   12:30 14:30 14:00 
Parameter Units EQL 04-A038072 04-A039033 04-A039034 
pH Value pH units 0.1 8.25 8.19 8.7 
Ammonia as N mg/L 0.05 0.19 0.08 0.42 
Nitrate as N mg/L 0.1 < 0.1 < 0.1 < 0.1 
Nitrite as N mg/L 0.02 < 0.02 < 0.02 0.04 
Nitrate + Nitrite as N mg/L 0.1 < 0.1 < 0.1 < 0.1 
Carbon, Diss. Org. as C mg/L 0.5 2 < 0.5 1.1 
Phosphorus, Total as P mg/L 0.02 < 0.02 < 0.02 < 0.02 
Phosphorus,Diss.Orth as P mg/L 0.002 < 0.002 < 0.002 0.029 
Conductivity uS/cm 1 522 488 1990 
Sulphate as SO4 mg/L 2 120 45 206 
Alkalinity CaCO3 mg/L 5 99 201 227 
Chloride as Cl mg/L 1 4 3 343 
Colour TCU 2.5 3.5 4 153.7 
Fluoride  F mg/L 0.1 1.75 1.64 1.43 
Calculated Hardness 
CaCO3 mg/L  77.3 227 261 
Turbidity NTU 0.1 0.46 4.3 1.14 
Bicarbonate as HCO3 mg/L  97 198 217 
Carbonate CO3 mg/L  2 3 10 

Coliform, Total 
CFU/100 

mL 0 < 10 < 2  

Background Count 
CFU/100 

mL 0 3850 222  
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Sample Description   SHIPKA Dundee 1 NL-2 
Date Sampled    8-Oct-2004 13-Oct-04 14-Oct-04 
Time Sampled   12:30 14:30 14:00 

E. coli 
CFU/100 

mL 0 < 10 < 2  
Total Cation meq/L  4.91 4.87 17.98 
Total Anions meq/L  4.59 5.04 18.5 
Ion Balance % diff.  3.34 1.67 1.41 
Calculated T.D.S. mg/L  363 264 1355 
Calculated Conductivity us/cm  515 476 2211 
Saturation pH @4C pH units  8.64 7.77 7.88 
Saturation pH @20C pH units  8.24 7.37 7.48 
Langelier Index @4C   -0.39 0.42 0.82 
Langelier Index @20C   0.01 0.82 1.22 
Aluminum Al mg/L 0.005 < 0.005 < 0.005 < 0.005 
Antimony Sb mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 
Arsenic As mg/L 0.002 < 0.002 < 0.002 < 0.002 
Barium Ba mg/L 0.005 0.011 0.072 0.024 
Beryllium Be mg/L 0.001 < 0.001 < 0.001 < 0.001 
Bismuth Bi mg/L 0.001 < 0.001 < 0.001 < 0.001 
Boron B mg/L 0.005 0.577 0.03 2.12 
Cadmium Cd mg/L 0.0001 < 0.0001 < 0.0001 < 0.0001 
Calcium Ca mg/L 0.5 17.5 62.7 51.6 
Chromium Cr mg/L 0.005 < 0.005 < 0.005 < 0.005 
Cobalt Co mg/L 0.0001 0.0004 0.0001 < 0.0001 
Copper Cu mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 
Iron Fe mg/L 0.03 0.1 0.1 0.35 
Lead Pb mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 
Magnesium Mg mg/L 0.05 8.17 17.1 32.1 
Manganese Mn mg/L 0.005 < 0.005 0.012 0.021 
Molybdenum Mo mg/L 0.001 0.036 0.004 < 0.001 
Nickel Ni mg/L 0.001 < 0.001 < 0.001 < 0.001 
Potassium K mg/L 0.1 0.9 0.6 3 
Selenium mg/L 0.002 < 0.002 < 0.002 < 0.002 
Silicon Si mg/L 0.05 4.3 4.51 5.08 
Silver Ag mg/L 0.0001 < 0.0001 < 0.0001 < 0.0001 
Sodium Na mg/L 0.1 76.4 7.3 291 
Strontium Sr mg/L 0.001 1.42 16.9 5.81 
Thallium Tl mg/L 0.00005 < 0.00005 < 0.00005 < 0.00005 
Tin Sn mg/L 0.001 < 0.001 < 0.001 < 0.001 
Titanium Ti mg/L 0.005 < 0.005 < 0.005 < 0.005 
Uranium U mg/L 0.0001 < 0.0001 0.0012 < 0.0001 
Vanadium V mg/L 0.0005 < 0.0005 < 0.0005 < 0.0005 
Zinc Zn mg/L 0.005 < 0.005 0.006 < 0.005 
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Metric Conversion Table

Conversion from SI to Imperial Conversion from Imperial to SI

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 cm@ 0.155 0 square inches 1 square inch 6.451 6 cm@
1 m@ 10.763 9 square feet 1 square foot 0.092 903 04 m@
1 km@ 0.386 10 square miles 1 square mile 2.589 988 km@
1 ha 2.471 054 acres 1 acre 0.404 685 6 ha

VOLUME
1 cm# 0.061 023 cubic inches 1 cubic inch 16.387 064 cm#
1 m# 35.314 7 cubic feet 1 cubic foot 0.028 316 85 m#
1 m# 1.307 951 cubic yards 1 cubic yard 0.764 554 86 m#

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 90 t

CONCENTRATION
1 g/t 0.029 166 6 ounce (troy)/ 1 ounce (troy)/ 34.285 714 2 g/t

ton (short) ton (short)
1 g/t 0.583 333 33 pennyweights/ 1 pennyweight/ 1.714 285 7 g/t

ton (short) ton (short)

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 factorswhich are in boldtype areexact. Theconversion factorshave been taken fromor havebeen
derived from factors given in theMetric PracticeGuide for the CanadianMining andMetallurgical Industries, pub-
lished by the Mining Association of Canada in co-operation with the Coal Association of Canada.
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