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Executive Summary 
 
The Cataraqui Source Protection Area (CSPA) covers a large area in southeastern Ontario 
that includes the jurisdiction of the Cataraqui Region Conservation Authority (CRCA) 
plus the Township of Frontenac Islands (Figure 1).  The CRCA and the Township are 
working together to coordinate local source water protection efforts under the Ontario 
Clean Water Act, 2006.  
 
The Township of Frontenac Islands is located where Lake Ontario flows into the St. 
Lawrence River, and it includes Wolfe Island and Howe Island, as well as several smaller 
islands such as Garden Island and Simcoe Island (see Figure 1).  Groundwater studies 
were completed for the Western Cataraqui Region (Trow Associates Inc. 2007) and the 
United Counties of Leeds and Grenville (Dillon Consulting Limited 2001) however, 
information regarding the geology and hydrogeology of the Frontenac Islands was not 
included in either of these reports because the Frontenac Islands are not part of the CRCA 
jurisdiction.  
 
This report summarizes the local geology and groundwater conditions, assesses the 
groundwater use, and discusses data gaps that exist throughout the Frontenac Islands. The 
report has been prepared in accordance with the terms of reference for groundwater 
studies developed by the Ontario Ministry of the Environment (2001). It will be used as a 
technical reference document for the local source protection plan.  
 
The geology of the Frontenac Islands mainly consists of Paleozoic limestones of the Gull 
River, Bobcaygeon, and Verulam Formations that are overlain by thin glacial overburden.  
The Paleozoic limestones overlie the granites and migmatites of the Precambrian shield 
and, occasionally, sandstone of the Nepean (Potsdam) Formation (see Figure 5).  
Overburden thicknesses are generally thin, except for a significant portion of Howe 
Island and the eastern arm and a pocket towards the western end of Wolfe Island. 
 
Hydrogeological data for the Frontenac Islands is generally quite limited.  However, it is 
known that the water table is generally shallow and that salty and sulphurous water 
pockets exist throughout the islands, especially in the Bobcaygeon and Gull River 
Formations.  An interpretation of the Water Table Elevation Map (see Figure 9a) 
indicates that groundwater generally flows to the south and discharges into Lake Ontario 
and the St. Lawrence River. The aquifer vulnerability will be studied in detail in the 
Cataraqui Groundwater Vulnerability Assessment Report (GVAR) that will be complete 
by the Fall of 2007. 
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Groundwater usage on the Frontenac Islands is generally limited to domestic, private and 
agricultural uses.  The domestic groundwater use on Wolfe Island is 7.4 x 104 m3/year, 
and on Howe Island is 3.5 x 104 m3/year.  The estimated annual agricultural water use on 
Wolfe Island is 3.6 x 104 m3, and on Howe Island is 9.5 x 103 m3.  There have been 14 
Permits to Take Water (PTTW) on the Frontenac Islands; however, only one is a 
groundwater taking on Wolfe Island, and one is a combined groundwater and surface 
water taking on Howe Island. 
 
There is a general lack of high quality hydrogeological data for the Frontenac Islands, 
which leads to a poor overall understanding of groundwater flow direction and 
groundwater quality.  It is therefore recommended that a provincial groundwater 
monitoring network (PGMN) well be drilled on each of the Frontenac Islands.  In 
addition, a comprehensive collection of a suite of geochemical samples, similar to that of 
the Western Cataraqui Study (Trow Associates Inc., 2007) would significantly increase 
the understanding of the groundwater quality on the Frontenac Islands. 
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1.0 Introduction 
The Cataraqui Source Protection Area (CSPA) covers a large area in southeastern Ontario 
that includes the jurisdiction of the Cataraqui Region Conservation Authority (CRCA) 
plus the Township of Frontenac Islands (Figure 1).  The CRCA and the Township are 
working together to coordinate local source water protection efforts under the Ontario 
Clean Water Act, 2006. Source water protection aims to help protect clean and plentiful 
drinking water for present and future generations. The Act envisions the preparation and 
implementation of science-based, locally-led source protection plans on a watershed 
basis. A source protection plan will be prepared for the CSPA over the next few years.  
 
The Township of Frontenac Islands is located where Lake Ontario flows into the St. 
Lawrence River, and it includes Wolfe Island and Howe Island, as well as several smaller 
islands such as Garden Island and Simcoe Island.  Groundwater studies were completed 
for the Western Cataraqui Region (2007) and the United Counties of Leeds and Grenville 
(2001) however, information regarding the geology and hydrogeology of the Frontenac 
Islands was not included in either of these reports because the Frontenac Islands are not 
part of the CRCA jurisdiction.  
 
This report summarizes the local geology and groundwater conditions, assesses the 
groundwater use, and discusses data gaps that exist throughout the Frontenac Islands. The 
report has been prepared in accordance with the terms of reference for groundwater 
studies developed by the Ontario Ministry of the Environment (2001). It will be used as a 
technical reference document for the source protection plan that is discussed above.  

1.1 Water Well Information System (WWIS) 
The Ontario Water Well Information System (WWIS) system was used extensively to aid 
in comprehension of the hydrogeological conditions on the Frontenac Islands.  
Overburden thickness maps and geological cross-sections were produced using the 
formation identifiers and groundwater flow directions were visually interpreted using the 
depth to water identifier in the database. 

2.0 Local Geology and Groundwater Conditions 

2.1 Topography and Physiography 
The topography of Wolfe and Howe Islands is relatively flat (Figure 2).  Surface 
elevations range from 72 to 102 metres above sea level (masl) on Wolfe Island and 73 to 
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113 masl on Howe Island.  Surface water drainage (Figure 3) occurs radially on both 
Wolfe and Howe Islands towards Lake Ontario and the St. Lawrence River. 
 
Farming is practiced extensively on both islands though little overburden and clay plains 
create less than ideal conditions.  Figure 4 depicts the physiographic regions of Wolfe 
and Howe Islands, as described by Chapman and Putnam (1984).  Both islands are 
considered part of the Napanee Limestone Plain, a flat to undulating limestone plain with 
little overburden.  However, Howe Island has shallow till and rock ridges like the Leeds 
Knobs and Flats towards the eastern portion of the island (Chapman and Putnam, 1984).  
The physiographic regions are described in detail in the Cataraqui Conceptual Water 
Budget Report (2007).   

2.2 Geology 

2.2.1 Precambrian Geology 
The basement rocks of the Frontenac Islands consist of metamorphic and igneous 
Precambrian rocks.  Though there are few Precambrian rock outcrops on Wolfe and 
Howe Islands, these rocks form a significant portion of the regional geology of eastern 
Ontario and thus, the Frontenac Islands.  Regionally, the metamorphic rocks were 
originally deposited as sediments and consolidated into sedimentary rocks between 
approximately 1100 and 950 million years before present (Davidson and van Breeman, 
2000; Greggs and Gorman, 1976).  Metamorphism occurred when these sedimentary 
rocks were deeply buried under many more layers of sediments and sedimentary rocks.  
During deep burial the rocks were penetrated by magma that produced igneous rocks and 
further deformed the metasediments.  Later, andesite and diabase dykes intruded both the 
metasediments and igneous plutons.  Erosion later uncovered all the metamorphic and 
igneous rocks and dykes, bringing them to the surface.  Between 800 and 600 million 
years ago, a mountain building episode called the Grenville orogeny produced very high 
mountains in the area, which have slowly eroded to their present height.  The Grenville 
orogeny occurred as a northeast trending fold system that runs northwest/southeast from 
Algonquin Park to the Adirondack Mountains in New York State.   
 
In geologic nomenclature, the Precambrian rocks that make up the basement rocks of the 
Frontenac Islands are part of the Frontenac Terrane of the Central Metasedimentary Belt.  
The metasediments include schist, gneiss, amphibolites, quartzite, and marble, while the 
igneous rocks include quartz monzonites, granites, diorites, gabbro, diabase, and andesite.  
In some places, the intruding igneous plutons created mixtures of metamorphic and 
igneous rocks called migmatites (Greggs and Gorman, 1976; Wilson, 1946). 
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2.2.1.1 Wolfe Island 
There are no recorded outcrops of Precambrian rock on Wolfe Island (e.g. Carson, 1982, 
Figure 5).  However, water well records indicate that granite (or some form of 
igneous/metamorphic rock) was encountered by drillers in some deeper wells on Wolfe 
Island (MOE, 2006).  These wells are discussed further in Section 2.2.4. 

2.2.1.2 Howe Island 
Plutonic Precambrian rocks, such as granitic gneiss and migmatites, were mapped on the 
northeastern edge of Howe Island (Figure 5). 

2.2.2 Paleozoic Geology 
During the Paleozoic Era, approximately 500 million years before present, Eastern 
Ontario was inundated with a shallow ocean that deposited eroded sediment from the 
Precambrian landmass along its shorelines.  The sediment now exists as a series of flat 
lying sedimentary rocks that represent the shallow water depositional environment from 
500 million to 450 million years before present. 
 
The Paleozoic strata occur in the Cataraqui area northeast and southwest of the Frontenac 
Axis, including the Frontenac Islands (to the southwest of the Frontenac Axis).  The 
following formations outcrop on the Frontenac Islands:  Nepean, Gull River, 
Bobcaygeon, and Verulam.  Each formation is discussed in the following sections. 
 
Nepean Formation 
 
The sediments of the Nepean Formation were mainly deposited east of the Frontenac 
Axis, with existing pockets to the west including a small outcrop on Howe Island.  The 
Nepean Formation consists of well-sorted interbedded quartz sandstones and 
conglomerates that were deposited on top of the Precambrian rock.  The conglomerate 
beds occur in the lower portion of the formation near the Precambrian/Palaeozoic contact, 
becoming finer grained in the upper reaches of the unit.  Iron rich mineral grains found in 
the sandstone unit include pyrite, magnetite, and ilmentite.  Dissolution of these minerals 
and their precipitation in the form of iron staining on the sand grains likely contributes to 
the high iron content observed in water produced from this formation (Liberty, 1971). 
 
Gull River Formation 
 
The Gull River Formation is divided into four members (named A, B, C, D; Liberty 
1971), though the Formation is only divisible into three members in the Frontenac Islands 
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(Carson, 1982).  All members consist of limestone, regardless of the division. In the 
Frontenac Islands: 

• the lower member is brown, finely crystalline, consists of approximately 30cm 
beds and weathers to a pale grey,  

• the middle member is pale to dark grey and medium to dark brown limestone 
interbedded with calcareous or dolomitic siltstone that weathers pale green and 
buff and consists of 10-40cm beds,  

• the upper member consists of grey and brown limestone that weathers pale grey 
and occurs in 30cm beds (Carson, 1982).   

The estimated thicknesses of the lower, middle, and upper members are 10m, 20m, and 
10m respectively (Carson, 1982).  Fossils (vugs) and pressure surfaces (styolites) are 
commonly found in the upper and middle members (Carson, 1982).   
 
Bobcaygeon Formation 
 
The Bobcaygeon Formation overlies the Gull River Formation and the contact is defined 
where the limestone changes to a generally darker, fine grained limestone.  The 
Bobcaygeon Formation can also be divided into two members.  The lower member is 
composed of brown, fine grained limestone interbedded with fine grained calcarenitic 
limestone, with shaly partings and the upper member consists of  grey and brown fine 
grained limestone, interbedded with medium grained bioclastic limes and shally beds 
(Carson, 1982).  The total thickness of the Formation is less than 10m (Carson, 1982).  
The strata are highly fossiliferous (Liberty, 1971).   
 
Verulam Formation 
 
The Verulam Formation overlies the Bobcaygeon Formation and is typified by the 
alternation of brown and grey limestone and shale (Liberty, 1971).  The total thickness of 
this Formation is less than 5m in the Frontenac Islands (Carson, 1982).  This is the 
youngest bedrock formation in the area.  This formation can also contain many fossils. 
 
Photos in Appendix ‘A’ depict Paleozoic bedrock outcrops on Wolfe and Howe Islands. 

2.2.2.1 Wolfe Island 
The Paleozoic sedimentary rocks that outcrop on Wolfe Island (Figure 5) include the 
upper member of the Gull River Formation, the lower and upper Bobcaygeon 
Formations, and the Verulam Formation.  The upper member of the Gull River Formation 
occurs northeast of the village of Marysville, while the Bobcaygeon and Verulam 
Formations occur progressively southward from Marysville (Carson, 1982). 
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2.2.2.2 Howe Island 
The Paleozoic sedimentary rocks that outcrop on Howe Island (Figure 5) include the 
Nepean Formation and the middle and lower members of the Gull River Formation.  The 
Nepean Formation occurs as two small outcrops on the northeastern tip of the island, the 
lower member of the Gull River Formation is interpreted to overlie Precambrian bedrock 
on the eastern portion of the island, and the middle member occurs on the remainder of 
the Island (Carson, 1982). 

2.2.3 Surficial Geology 
Deposition of overburden is a result of the last period of glaciation in North America (the 
Wisconsinian glaciation) which ended approximately 10,000 years ago.  Glaciers 
transported large quantities of eroded Paleozoic and Precambrian rocks from the north 
and deposited them in the form of till sheets and drumlins over much of the bedrock 
surface. As the glacier ablated and receded, glacial melt waters transported sand and 
gravel to the ice margin where they were deposited as eskers and fan-like outwash 
features.   
 
The mass of the ice also depressed the earth's crust, allowing for inundation of the area by 
the Atlantic Ocean.  This ancient arm of the ocean, which covered a large proportion of 
the CSPA east of the Frontenac Axis, was called the Champlain Sea (approximately 
13,000 to 10,000 years ago).  The sea deposited clays and silts over the underlying tills 
and esker deposits.  As the earth's crust rebounded, outlets were formed that drained the 
Champlain Sea.  The lowering water level resulted in the exposure of elevated till areas 
such as drumlins.  These till "islands" were reworked by wave action to form sand and 
gravel beaches.  As the Champlain Sea further receded, an increased amount of till was 
exposed allowing for increased amounts of sediments to be reworked.   
 
Around the same time, as the crust continued to rebound, and the glacial ice continued to 
recede, a precursor to Lake Ontario, Lake Iroquois, was formed (approximately 13,000 to 
10,000 years ago).  The lake was essentially an enlargement of the present Lake Ontario.  
It formed because the St. Lawrence River was blocked by the ice sheet near the Thousand 
Islands.  The level of the lake was approximately 30 m above the present level of Lake 
Ontario.  The lake drained southeast to the Atlantic Ocean.  The melting of the ice dam 
resulted in a lowering of the lake to its present level, and a change to the present outlet of 
the St. Lawrence River. 
 
The different types of overburden that were laid down by glaciers and modern-day 
processes are described in the following sections for Wolfe and Howe Islands, 
respectively. 
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2.2.3.1 Wolfe Island 
The majority of Wolfe Island is covered by glacio-lacustrine clay, silty clay, and silt 
(Figure 6).  There are some pockets of undifferentiated till and post-glacial organic 
deposits that consist of peat and muck exist at the shorelines. 
 
Overburden thickness is generally thin on Wolfe Island (Figure 7), except for the eastern 
arm and a pocket towards the western end of the Island.  Thicknesses range from 0 to 
21m, but are generally less than 10 m. 
 

2.2.3.2 Howe Island 
The majority of Howe Island is also covered by glacio-lacustrine clay, silty clay, and silt 
(Figure 6).  Towards the east, a pocket of ice contact stratified drift exists and some 
deposits of undifferentiated till exist along the shorelines.  Post-glacial organic deposits 
that consist of peat and muck were also mapped along the shorelines of Howe Island. 
 
Overburden thickness is variable on Howe Island (Figure 7), with thin overburden 
overlying the Precambrian geology towards the east and thicker overburden overlying the 
limestone geology.  Thicknesses range from 0.4 to 40m and most overburden thicknesses 
range between 10 to 20 m. 
 

2.2.4 Geological Cross-Sections 
Five geological cross-sections were completed for the Frontenac Islands, three on Wolfe 
Island and two on Howe Island, and are depicted in Figure 8.  Some difficulties were 
encountered in the process of building the cross-sections due to data availability and 
accuracy within the WWIS.  For example, in several cases the granite surface appears to 
overlie the limestone layer which indicates that problems exist with the Digital Bedrock 
Model (because the Precambrian bedrock was laid down 500 million years before the 
limestone and can therefore not overlie the limestone).  The work that will be completed 
for the Cataraqui Groundwater Vulnerability Assessment Report (GVAR) by others 
includes geological cross-sections that will rectify problems with those shown in Figure 
8. 
 
Despite the difficulties with the model, the cross-sections depict some interesting 
patterns.  The cross-sections indicate that the elevation of the Precambrian basement 
rocks undulate significantly, though there are problems with the granite overlying the 
limestone in two of the cross-sections.  Apparently, the surface of the granite was reached 
in 63 wells on the Frontenac Islands at depths ranging from 8.5 to 82.3 m below ground 
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surface (bgs).  Granite was reached at 111.3 m bgs in a particularly deep well on the 
southeastern side of Wolfe Island.  On the other hand, the cross-sections indicate that the 
limestone layer is flat-lying and it fills in the valleys of the Precambrian basement.  Clay 
and topsoil overlie the limestone rock and indicate that overburden is quite shallow on the 
Frontenac Islands. 
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2.3 Hydrogeological Conditions 
In Ontario, many people rely on groundwater resources as their drinking water source 
from municipal and private well systems.  In the Township of the Frontenac Islands, there 
are no municipal groundwater systems but many homeowners rely on groundwater to 
provide safe drinking water. 
 
Groundwater is usually collected from wells.  The water arrives at the well through the 
hydrologic cycle, first as precipitation that infiltrates into the ground (through the 
unsaturated zone) then it reaches the water table (the saturated zone) flowing into the 
aquifer, which can act as a reservoir to provide drinking water.  In fractured rock 
aquifers, like those that dominate Eastern Ontario, precipitation flows through the 
unsaturated overburden into the rock aquifer.  In the fractured rock aquifer, groundwater 
flows through isolated, individual fractures that provide a conduit for groundwater flow.  
To attain clean, plentiful water from a fractured rock aquifer, a well must be drilled 
through these fractures that will then fill up the reservoir of the water well. 

2.3.1 Groundwater Flow  
Groundwater is found at relatively shallow depths in the Frontenac Islands (Figure 9).  
Depths range from 1 to 50 mbgs, though the majority of water table depths are less than 
10 mbgs.  It is unlikely that groundwater depths are actually greater than 10 mbgs and 
would likely be the result of an error by the driller who recorded the depth to water table 
on the Water Well Record as entered in the WWIS.  Potential errors include seasonal 
water table fluctuations (water levels should be collected in a short time period to give an 
accurate snapshot of the water table elevations) and insufficient time for the water in the 
well to recover to static conditions after drilling is completed (drilling practices can pump 
out significant amounts of water and if the formation is not capable of transmitting water 
quickly, a water level measurement will not give an accurate indication of static water 
levels).  Errors, like those outlined here, are common in the WWIS and any information 
gleaned from the database should be used with knowledge that errors can easily be 
perpetuated in any application of the data. 
 
It is difficult to interpret a general groundwater flow direction based upon data from the 
WWIS, however a potentiometric surface can be interpreted from Figure 9a.  It appears 
that groundwater flows radially outwards (similar to the surface water) on Wolfe Island 
from a high point south of the Village of Marysville.  On Howe Island, there appears to 
be three or four high areas that groundwater would flow away from.  In this case, the 
groundwater would flow inland and towards Lake Ontario.  Interestingly, the 
groundwater that flows inland appears to flow towards surface water features (creeks) 
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that flow towards Lake Ontario.  Groundwater levels are generally found at a higher 
elevation than Lake Ontario (usually between 74.5-75.2m International Great Lakes 
Datum (IGLD) 1985), but it is difficult to evaluate the differences without a snapshot of 
groundwater and surface water elevations. 
 
The aquifers on the Frontenac Islands were classified as confined and unconfined, and are 
depicted in Figure 10.  To produce this map, water wells were joined spatially to the 
overburden thickness.  Wells were then assigned a value of unconfined if the overburden 
was between 0 and 5 m or if the overburden consisted of sand or topsoil.  Unconfined 
wells included wells with overburden greater than 5 m.  The majority of the Frontenac 
Islands can be classified as unconfined with small sections classified as confined. 
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2.3.2 Groundwater Quality 
To the best of our knowledge, there is no comprehensive groundwater geochemistry data 
set available for the Frontenac Islands.  Bacteriological information may be available 
from the Ontario Ministry of Health and Long Term Care. 
 
A limited amount of groundwater quality information exists within the WWIS.  For each 
well drilled, the drilled is asked to record whether a well contains fresh, salty, sulphurous, 
mineralized, or gaseous water.  The following table shows the water quality as described 
by drillers and the geological formation in which the salty and sulphurous wells were 
drilled. 
 

Water Quality Description Number Geological Formation 
Fresh 496 Various 
Salty 16 Bobcaygeon and Gull River 
Sulphurous 45 Bobcaygeon and Gull River 
Mineralized 2  
Gaseous 3  
Unknown 165 Various 

Table 1.  Water Quality Descriptors from the WWIS on the Frontenac Islands. 
 
It appears that most of the wells that contain salty and sulphurous water are drilled into 
the Gull River and Bobcaygeon Formations, however it is not known in which Formation 
that the well was completed (i.e. what Formation exists at the bottom of the well).  It also 
seems unlikely that three wells contain gaseous waters, since the geologic Formations of 
the Frontenac Islands are not generally oil and gas producing.  Upon closer inspection, it 
appears that all three wells were drilled by the same driller in July 1977, where no other 
driller indicated a gaseous well at any other time.  Thus, these three wells can be 
considered anomalous.  
 
Anecdotal information from Craig Hulton Sr. (pers. comm., 2006) and Terry O’Shea 
(pers. comm., 2007) indicates that groundwater quality in drilled wells is usually better 
towards “the foot” of Wolfe Island (the eastern arm of the island), with less salty or 
sulphurous conditions. 

2.3.3 Aquifer Vulnerability 
Many of the wells in the WWIS consist of very shallow overburden over fractured 
Precambrian and Paleozoic bedrock.  This situation creates inherently vulnerable 
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aquifers.  The aquifer vulnerability will be studied in detail in the Cataraqui Groundwater 
Vulnerability Assessment Report (GVAR) that will be completed in the Fall of 2007. 

3.0 Groundwater Use Assessment 
There are a variety of groundwater uses on Wolfe and Howe Islands, but they are 
generally private, residential, and agricultural uses.  There are no municipal residential 
supply systems on the islands, through there are some public supplies at community halls.  
A scoping study was completed by XCG Consultants Ltd. that surveys the water use of 
homeowners in Marysville, on Wolfe Island.  Findings are discussed in Section 3.1. 
 
According to the WWIS (MOE, 2006), There are 596 wells on the islands, with a more 
detailed breakdown in Table 1, and Figure 11.   
 
Table 2 shows that 25% of the wells on Wolfe Island have been abandoned, which may 
indicate that:  

1. high quality water of sufficient quantity could be difficult to find; and  
2. numerous surface to groundwater conduits may exist on the island. 

 
Well Use Wolfe Island Howe Island 
 Number of 

Wells 
Percentage of 

Wells 
Number of 

Wells 
Percentage of 

Wells 
Domestic 224 54% 161 89% 
Stock 52 13% 11 6% 
Irrigation 0 0% 0 0% 
Industrial 4 1% 0 0% 
Commercial 8 2% 1 1% 
Municipal 0 0% 1 1% 
Public Supply 10 2% 4 2% 
Cooling or A/C 0 0% 0 0% 
Not Used 12 3% 1 1% 
Abandoned 105 25% 2 1% 
Total 415  181  

Table 2.  Well Use Breakdown on Wolfe and Howe Islands 
 
Based on the most recent Statistics Canada data (2002), there were 1142 residents on 
Wolfe Island, and 496 on Howe Island.  There was a growth rate of 18% on Howe Island 
from 1991 to 2001, and a growth rate of 4% on Wolfe Island.  Assuming this growth rate 
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has been maintained over the last 5 years, there would be a 2007 population of 1,165 on 
Wolfe Island, and 541 on Howe Island. 
 
Using the same per capita per day volume use as the Cataraqui Conceptual Water Budget 
(2007) of 175 L/person/day, the domestic groundwater use on Wolfe Island is 7.4 x 104 
m3/year, and on Howe Island it is 3.5 x 104 m3/year. 
 
There have been 14 Permits to Take Water (PTTW) on the Frontenac Islands, one on 
Howe Island, and 13 on Wolfe Island, however, most are surface water takings (MOE, 
2005).  Only one is a groundwater taking (Wolfe Island), and one is a combined 
groundwater and surface water taking (Howe Island).  PTTW data from 2005 indicates 
that 3 of the 14 permits were expired; however the permits could have been renewed 
without CRCA knowledge. A more detailed breakdown of the consumptive use is 
presented in Table 3 and Figure 12.  
 
PTTW Use Island Volume of Use (m3/yr) Expiry 
Industrial Wolfe 2.0 x 104 2025 
No Designation Howe 2.0 x 104 2002 

Table 3.  PTTW Breakdown on Wolfe and Howe Islands. 
 
The consumptive use is estimated at 25% for an industrial use, and the Howe Island 
PTTW, with no details, is assumed to be 100% consumptive.  The maximum daily 
groundwater withdrawal from PTTW is 216 m3 (Industrial PTTW only), but the permit is 
only listed as being used 260 days of the year. 
 
There is also data with regards to specific agricultural water use on the Islands (de Loe, 
2002).  Both Islands fall into the lowest agricultural use category in the CSPA, less than 
300 m3 per year per km2.  Figure 13 shows the location of Agricultural withdrawals. 
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Agricultural Use Wolfe Island South Wolfe Island North Howe Island 
Livestock Watering 21031 10619 8401 
Field Crop 318 160 127 
Fruit Crop 0 0 0 
Vegetable Crop 121 61 48 
Specialty Crop 0 0 0 
Summer Only Crop 2398 1211 958 
Total 23868 12051 9534 
    
Use Volume/Area 
(m3/km2) 

278 256 259 

Table 4.  Annual Agricultural Water Use (m3) on Wolfe and Howe Islands (de Loe, 2002). 
 
The estimated annual agricultural water use on Wolfe Island is 3.6 x 104 m3, and on 
Howe Island is 9.5 x 103 m3. 
 
The major groundwater use on Wolfe and Howe Islands appears to be domestic use by 
the residents.  However, there are no use data for commercial uses on the Frontenac 
Islands.  Presumably the volume will be quite small for the eight commercial wells on 
Wolfe Island and the one commercial well on Howe Island, compared to the other uses. 
 
Water Use Sector Wolfe Island Use (m3) Howe Island Use (m3) 
Domestic Use 7.4 x 104 3.5 x 104 
Agricultural Use 3.6 x 104 9.5 x 103 
Industrial Use 2.8 x 104 0 
Total 1.4 x 105 4.6 x 104 

Table 5.  Overall Groundwater Use on Wolfe and Howe Islands. 
 
Using the average annual data from the Conceptual Water Budget report prepared for the 
CSPA (CSPA, 2007) and the initial work for the Tier 1 Water Budget, Table 6 outlines 
the basic annual water budget parameters for the Frontenac Islands. 
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Water Budget Parameter Wolfe Island Howe Island 
Precipitation (mm) (P) 990 980 
Evapotranspiration (mm) (ET) 580 560 
“Surplus Water” (mm)  
(P-ET) 

410 420 

Percent of “Surplus Water” estimated 
as Recharge to Groundwater (%) 

37 36 

Estimated Recharge (mm) 151.7 151.2 
Surface Area (km2) 133.3 36.8 
Estimated Recharge (m3) 20.2 x 107 5.6 x 106 

Table 6.  Water Budget Parameters for Wolfe and Howe Islands. 
 

The annual recharge estimate from the Water Budget work is much greater than the 
annual groundwater withdrawal estimate volume.  As shown in Table 7, the water use is 
only 1 % of the annual recharge. 

 
 Wolfe Island Howe Island 

Water Use (m3) 1.4 x 105 4.6 x 104 
Recharge (m3) 20.2 x 107 5.6 x 106 
Water Use Percentage of 
Recharge (%) 

0.7 0.8 

Table 7.  Comparison of Water Use and Recharge. 
 

 
Based on the comparison in Table 7, it can be assumed that there is plentiful water 
available for use on the Frontenac Islands.  In addition, it is also expected that although 
the simple estimation of the water budget suggests that water is plentiful, this is not 
necessarily the case.  This water is not necessarily available as close to the surface as 
typical wells are drilled, and therefore the actual annual use may be much closer to the 
average annual recharge. 

3.1 Scoping Study for Drinking Water Systems in Marysville, 
Wolfe Island 

After two shore wells that service multiple buildings were contaminated by a heating oil 
spill in March 2005, XCG Consultants Ltd. were retained to complete a scoping study for 
a potential municipal water supply (XCG, 2007).  Using a survey, XCG found that 60% 
of the respondents were interested in a municipal system where 44% of residents 
responded to the survey.  Potential water supply options were short listed and included: 
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• Upgrade existing water supplies; 
• Point of Entry Water Treatment Systems; 
• Construction of a Groundwater Supply System with Distribution; and 
• Construction of a Surface Water Supply System with Distribution. 

 
Each option was evaluated in the report, and cost and funding options were discussed.  
No option was weighted more than another, although it was mentioned that “Anecdotal 
evidence suggests that water supply from drilled wells in the area is poor in yield in some 
areas and that “sulphur” or “salty” water is encountered occasionally in the producing 
wells”, indicating that a groundwater supply system may be weighted less heavily than 
the other options.  XCG will continue to investigate different water supply approaches for 
Marysville and identify possible funding options available that will allow the village to 
move forward with respect to a potential water supply system. 
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4.0 Data Gaps 
There is a general lack of high quality hydrogeological data for the Frontenac Islands, 
which leads to a poor overall understanding of groundwater flow direction and 
groundwater quality.  It is recommended that a provincial groundwater monitoring 
network (PGMN) well be drilled on each of the Frontenac Islands.  In addition, a 
comprehensive collection of a suite of geochemical samples, similar to that of the 
Western Cataraqui Groundwater Study (2007) would significantly increase the 
understanding of the groundwater quality on the Frontenac Islands. 
 
Data gaps in the information related to water well location, use, and water level also 
bring uncertainty into any attempts at estimating water table elevations.   
 
Data gaps in the Permit to Take Water listing, specifically actual use data, in addition to 
incomplete records, and considerations for consumptive water use, also bring uncertainty 
into the water use estimates. 
 
The use of Water Budget data, and the inherent data gaps in that part of the equation, also 
introduce uncertainty to the estimations of this report. 
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5.0 Conclusions 
The geology of the Frontenac Islands mainly consists of Paleozoic limestones of the Gull 
River, Bobcaygeon, and Verulam Formations that are overlain by thin glacial overburden.  
The Paleozoic limestones overlie the granites and migmatites of the Precambrian shield 
and, occasionally, sandstone of the Nepean (Potsdam) Formation.  Overburden 
thicknesses are generally thin, except for a significant portion of Howe Island and the 
eastern arm and a pocket towards the western end of Wolfe Island. 
 
Hydrogeological data for the Frontenac Islands is generally quite limited.  However, it is 
known that the water table is generally shallow and that salty and sulphurous water 
pockets exist throughout the islands, especially in the Bobcaygeon and Gull River 
Formations (it may be that wells have been drilled through the Gull River Formations and 
sulphurous and salty pockets are found in the Bobcaygeon Formation).  It is 
recommended that a comprehensive collection of geochemical samples be collected on 
the Frontenac Islands to increase the understanding of the groundwater quality on the 
Islands.  An interpretation of the Water Table Elevation Map (Figure 9a) indicates that 
groundwater generally flows to the south and discharges into Lake Ontario. The aquifer 
vulnerability will be studied in detail in the Cataraqui Groundwater Vulnerability 
Assessment Report (GVAR) that will be completed in the Fall of 2007. 
 
Groundwater usage on the Frontenac Islands is generally limited to domestic, private and 
agricultural uses.  Using a per capita per day volume of 175 L/person/day, the domestic 
groundwater use on Wolfe Island is 7.4 x 104 m3/year, and on Howe Island is 3.5 x 104 
m3/year.  The estimated annual agricultural water use on Wolfe Island is 3.6 x 104 m3, 
and on Howe Island is 9.5 x 103 m3.  There have been 14 Permits to Take Water (PTTW) 
on the Frontenac Islands; however, only one is a groundwater taking on Wolfe Island, 
and one is a combined groundwater and surface water taking on Howe Island.   
 
Comparing the estimated annual water use with the estimated annual recharge, the annual 
water use is less than 1% of the annual recharge.  This suggests that there is plentiful 
groundwater available for use, however this also ignores the seasonality of water levels 
and recharge, groundwater storage, and the fact that specific fractures are not recharged 
by precipitation (and the fractures are not necessarily intersected by the wells of the 
residents). 
 
It is expected that in times of dry weather, some wells run dry, which is an indication that 
the supply does not meet the demand for water. 
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Figure A.1.  Exposed shallow bedrock of the Gull River Formation on Howe Island. 

 
Figure A.2.  Exposed bedrock of the Gull River Formation on Howe Island displaying 
dominant vertical fractures. 
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Figure A.3.  Landfill site on Wolfe Island (that was a quarry) is located near adjacent to 
Lake Ontario in the Gull River Formation. 

 
Figure A.4.  Bedrock outcrop of the Gull River Formation along the northeast  shoreline on 
Wolfe Island. 
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Figure A.5.  Shallow bedrock of the Bobcaygeon Formation on Wolfe Island. 

 
Figure A.6. Shallow bedrock, of the Bobcaygeon Formation, and drainage ditch on Wolfe 
Island. 
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