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SUMMARY 
 
The Ribstone Creek Tongue in western Saskatchewan covers an area of approximately 45,350 
km2 and occurs at depths ranging greater than 500 m beneath the Cypress Hills area to less than 
25 meters in the Lloydminster area where the Ribstone Creek Tongue is near the ground surface.  
 
The Ribstone Creek Tongue ranges in thickness from less than 3 meters along the edges of its 
extent to locally exceeding 35 m.  However, throughout most of the study area it is between 5 
and 25 m thick.  The thickness of the Ribstone Creek aquifer is less than that of the Tongue since 
the sands and sandstones only comprise part of the sediments of the Tongue. The Ribstone Creek 
aquifer is a heterogeneous aquifer throughout its extent, due to the varying thickness and 
lithology of its sand/sandstone units. The Ribstone Creek aquifer south of Township 42 forms a 
continuous unit but north of it occurs as isolated pockets. 
 
The transmissivity of the aquifer is low because the aquifer is relatively thin and the fine-grained 
sands/sandstones have a reported hydraulic conductivity which ranges from less than one to 
several meters/day. Over most of its extent the Ribstone Creek aquifer is overlain by the silts and 
clays of the Grizzly Bear Tongue which is typically between 20 and 60 meters thick.  The 
Grizzly Bear Tongue forms an aquitard with a low vertical hydraulic conductivity. Because of 
the combination of a low aquifer transmissivity and low vertical hydraulic conductivity of the 
overlying aquitard it is estimated that the aquifer south of Township 42 at best will not yield 
more than 1,000 m3/day. Drawdowns may extend over distances of several tens of kilometers. 
Drillers recommended pumping rates in the order of 50 ± 20 m3/day provide an experience based 
guideline for the yield of individual wells in the aquifer north of Township 42. 
 
South of Township 42 the aquifer yields water of the Na-Cl type with a sum of ions in the 3,000 
to 15,000 mg/L range.  Water in his portion of the aquifer is unsuitable as a water supply source 
for domestic and municipal purposes. North of Township 42 water in the Ribstone Creek aquifer 
is variable in term of both composition (water type) and concentration (i.e. sum of ions). Water is 
predominantly of the Na type, either Na- SO4 or Na-HCO3. The sum of ions ranges from 800 to 
3,500 mg/L, but typically is less than 2,500 mg/L.  
 
A more detailed study of the Ribstone Creek aquifer in the area covered by Ranges 23 – 28 and 
Townships 43 – 52 is recommended, as the aquifer in this area is a major source of domestic 
water supply. 
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1. INTRODUCTION 

1.1 Background 
 
Sands and sandstones of the Late Cretaceous Ribstone Creek Tongue form a regional aquifer in 
western Saskatchewan and eastern Alberta (Figure 1).  The aquifer, referred to in this report as 
the Ribstone Creek aquifer, is being used for domestic and municipal water supplies and as 
source water for secondary oil recovery.   
 
Portions of the Ribstone Creek Tongue have been identified as part of various studies but the 
aquifer in its entirety has not been investigated. The current study describes and characterizes the 
Ribstone Creek Tongue throughout its occurrence in western Saskatchewan. 
 
The Ribstone Creek study presented in this report was a project within the Canada - 
Saskatchewan Farm Livestock Watering Program - Strategic Initiatives, a joint Federal and 
Provincial government program. The project was administered by the Prairie Farm Rehabilitation 
Administration (PFRA), Agriculture and Agri-Food Canada, Saskatoon (PFRA File 4590-1-6-4-
1). 

1.2  Study Area 
 
The study area is defined as the area covered by NTS map sheet areas:  Cypress Lake (73F), 
Prelate (72K), Kindersley (72N), North Battleford (73C), and the southern half of St Walburg 
(73F). 
 
The location of the study area is shown in Figure 2. 

1.3 Objectives 
 
The primary objective of the study is to evaluate the groundwater resources of the Ribstone 
Creek Tongue in western Saskatchewan. While the study focused on the Ribstone Creek aquifer, 
major aquifer units above the Ribstone Creek aquifer have been identified and are briefly 
described. 
 
As part of the current study the following maps were prepared: 

• Location of selected testholes and cross sections 
• Bedrock surface topography and geology 
• Thickness of Quaternary deposits 
• Extent of Quaternary aquifers 
• Extent of the Eastend – Ravenscrag aquifer 
• Extent of aquifers within the Bearpaw Formation  
• Extent and thickness of the Judith River Formation  
• Extent and thickness of the Grizzly Bear Tongue 
• Extent, depth to, and thickness of the Ribstone Creek Tongue 
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A total of nine (9) cross sections were prepared:  seven (7) west - east sections, two (2) south - 
north sections. The cross sections have a horizontal scale of 1: 250,000 and a vertical scale of 1: 
5,000, resulting in a vertical exaggeration of 50 times.  The south - north cross sections, because 
of their length, were split into two parts. A map showing the extent of the Ribstone Creek 
Tongue in relation to the cross section lines, the cross section log index and the cross sections are 
included in Appendix A. 
 
The current study is based on available information only. 

1.4 Geology and Groundwater Data 
 
Available maps and cross sections for the study area date back to 1990 (Millard, 1990a, b, c, d, 
e). These maps and cross sections are primarily based on testhole logs with a geophysical log 
(wildcat, oil and potash holes), and E-logs (spontaneous potential and single point resistance 
logs) obtained/collected by the Saskatchewan Research Council (SRC), and the Saskatchewan 
Water Corporation (SWC). 
 
For the purpose of this report, the E-logs which have become available after the publication of 
the 1990 maps were reviewed and relevant information was used in updating the map 
information.  The cross sections presented in this report were taken from Millard (1990a, b, c, d, 
e).  They were prepared in AutoCAD 2000. 
 
A review of the testhole dated contained in the SWC Water Well Drillers Report database was 
not conducted. The SWC database only provides lithological data for testhole/well sites and such 
data alone are in most cases not sufficient to determine if a well is completed in the aquifer 
formed by the Ribstone Creek Tongue. 
 
The wildcat, oil and potash hole database of Saskatchewan Energy and Mines (SEM) was 
searched for Ribstone Creek Tongue picks. The search yielded tops and bottoms for the Ribstone 
Creek Tongue for about 18,400 sites.  The tops and bottoms were determined by staff of SEM. 
 
Water quality data used in this report were compiled from the following sources: Rutherford 
water quality database (Rutherford, 1967), SRC water quality database, SEM drillstem test water 
quality database, and water quality data in consultant reports. 

 
Information regarding licensed withdrawals and actual withdrawals were obtained from the 
Saskatchewan Water Corporation and Saskatchewan Energy and Mines.  
 
Water level information for the Ribstone Creek aquifer was obtained from information on the E-
logs. 
 
For plotting purposes Dominion Land Locations were converted to UTM coordinates (extended 
zone 13, NAD83). Locations were determined to the centroid of a Quarter or Legal Sub Division 
(LSD). 
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ArcInfo 8.1 was used to prepare many of the maps and figures in this report.  Tabular data from a 
variety of sources were brought into ARCINFO in dbf file format.  Point data were used to 
produce continuous surface grids and other graphic output.  The procedure used in constructing 
grids consisted of compiling the point data in a database file format (*.dbf), converting this data 
to a shape file, and using the inverse distance weighted (IDW) interpolation method to produce a 
grid.  All grids with the exception of the ground elevation data were prepared with a cell size of 
500 meters.  The ground elevation data, Canadian Digital Elevation Data (CDED), acquired from 
Natural Resources Canada (NRCAN), had a grid cell size of approximately 75 meters.  These 
data sets consisted of 5 -1:250,000 scale NTS map areas.  Those figures which indicate the depth 
to or thickness a particular unit were determined by performing various calculations on the grid 
files (i.e. Drift thickness = Ground elevation – bedrock surface). The resulting grids were then 
presented as color coded maps.   

1.5 Previous Studies 
 
As part of the first generation of NTS-based groundwater maps prepared by the Saskatchewan 
Research Council, the groundwater resources in the study area were initially mapped by 
Christiansen (1967), Christiansen and Whitaker (1973), Christiansen et al. (1980), David and 
Whitaker (1973), and Whitaker (1976).  Bedrock aquifers and major buried valley aquifers were 
identified but not the aquifers in the glacial deposits. Each map was accompanied by four (4) 
cross sections. These cross sections show the Judith River Formation, and where present, the 
Ribstone Creek Tongue and Bearpaw sand members.  
 
For the study area, Millard (1990a, b, c, d, e) prepared the second generation groundwater maps.   
NTS map sheets areas were divided into four (4) quadrants, and both bedrock as well as 
Quaternary aquifers were identified.  The maps are accompanied by up to 10 cross sections. 
Maps showing the extent of the Ribstone Creek Tongue were prepared for the Cypress Lake 
(72F), North Battleford (73B), and St. Walburg (73F).  The extent is based on cross sections and 
wildcat/oil/potash logs on file at SRC. SRC has only a limited number of logs for 
wildcat/oil/potash holes on file and no additional copies were obtained since the mid 1970s. 
Consequently, maps and cross sections were updated using the information available in the SEM 
database. 
 
Relevant studies include those by Le Breton (1963), McLean (1971), Whitaker (1980, 1982a, b), 
Kewen and Schneider (1979), and Tokarsky (1985).   
 
Le Breton (1963) described the Ribstone Creek aquifer in the vicinity of the City Of 
Lloydminster.  He prepared a map showing the piezometric surface and discussed water quality 
and yields. McLean (1971) conducted a major study of the Judith River Formation in Alberta and 
Saskatchewan.  He defined the extent of the Ribstone Creek Tongue in this area (McLean, 1971, 
Figure 16).  The Ribstone Creek Tongue and Bearpaw sand members are shown in cross 
sections.  A study by Kewen and Schneider (1979) focused on the Judith River Formation in 
west-central Saskatchewan but they mapped (extent, depth to and thickness) the Ribstone Creek 
in the Lloydminster area.  Whitaker (1980; 1982a, b) described the Judith River Formation in 
southwestern Saskatchewan. The Ribstone Creek Tongue is shown in cross sections but is not 
further discussed. The extent of several of the Bearpaw sand members in that area were also 
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defined as part of this study.  Tokarsky (1985) prepared hydrogeological maps and cross sections 
along the Alberta – Saskatchewan border and shows the Ribstone Creek Tongue in cross 
sections. 
 
The only study specifically focusing on the hydrogeology of the Ribstone Creek Tongue was 
conducted by the PRFA (1993).  The PFRA studied the Ribstone Creek Tongue in an area in 
Alberta (Tp 21 - 40, Rg 1 - 14, W4), bordering Saskatchewan. 
 
The areas covered by the studies mentioned above are shown in Figure 2. 

1.6 Topography 
 
The topographical setting of the study area is shown in Figure 3, in the form of a digital elevation 
map.  The topographical elevation may range from 1385 m asl in the Cypress Hill area to 440 m 
asl in the North Saskatchewan River valley at the eastern boundary of the study area. The overall 
slope is from the south to the north. The main topographical features are the Cypress Hills and 
the valleys of the North and South Saskatchewan Rivers. 

1.7 Groundwater Usage 
 
For groundwater withdrawals other than for domestic use, the Saskatchewan Water Corporation 
requires a license for abstraction of groundwater and allocates a volume that can be withdrawn 
annually from the licensed well.  For relevant geological units Figure 4 shows the distribution of 
groundwater allocations in the study area. The total volumes allocated are listed in Table 1. 
 
Table 1 Allocated volumes of groundwater withdrawals from relevant geological 

units in the Ribstone Creek Tongue study area 
 

Formation 
 

Total volume allocated 
dam3/annually 

Glacial (undifferentiated) 18,210 
Cypress Hills Formation 65 
Ravenscrag Formation 460 

Bearpaw Formation 145 
Judith River Formation 8,640 

Ribstone Creek 2,240 
TOTAL 29,760 

      Source: Saskatchewan Water Corporation, February 2002 
     1 dam3 equals 1,000 m3 
 
For a particular formation, the total groundwater allocations listed in Table 1 represent the 
maximum volumes which can be withdrawn from all the wells licensed. Typically, the actual 
volumes withdrawn annually will be significantly less than the allocated annual volumes. 
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From Table 1, it is evident that within the study area most of the groundwater for municipal and 
industrial use is being withdrawn from aquifers within the glacial deposits and the aquifer 
formed by the Judith River Formation. Of the licensed withdrawals from the glacial deposits 
83% is for municipal purposes. In contrast, 71% of the licensed withdrawals from the aquifer 
formed by the Judith River Formation are for industrial purposes. 
 
Withdrawals from the Ribstone Creek aquifer are further discussed in section 3.2.7. 
 
The total volume of surface water allocated in the study area is 198,000 dam3/annually. In 
contrast to licenses for groundwater, this figure includes allocations for domestic use. 

1.8 Acknowledgements 
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2. GEOLOGY 

2.1 Introduction 
 
The top of the Mannville Group was taken as the base of exploration for the present study.   The 
stratigraphy and lithology of the formations between the ground surface and the Mannville 
Group is shown in Figure 5.   Because of its complexity, the nomenclature of the Cretaceous 
sediments in western Saskatchewan is also shown in Figure 6. 
 
The term bedrock applies to pre-Quaternary sediments. All the materials between bedrock and 
the ground surface are collectively referred to as “drift”. 

2.2 Bedrock Geology 

2.2.1 Mannville Group 
 
The Mannville Group occurs throughout the Western Sedimentary basin (Figure 7). The 
Mannville Group in southern Saskatchewan has been described by Christopher (1984). The 
Group consists of sand, silts and clays.   

2.2.2 Lea Park Formation and Colorado Group 
 
The Mannville Group is overlain by a sequence of overconsolidated marine clays and silts of the 
Colorado Group and the Lea Park Formation.  The Colorado Group has been subdivided into 
Lower and Upper Colorado.  The boundary between the Upper and Lower Colorado Group is 
formed by the bottom of the Second White Speckled Shale, a calcareous clay and silt unit which 
is a regional marker bed.  Since the Lea Park Formation often cannot be separated from the 
Upper Colorado Group on electric logs the units are commonly combined.  The Eagle Shoulder 
is a regional marker bed within this unit.  Both the Lea Park Formation – Upper Colorado Group 
and the Lower Colorado Group are composed of marine silts and clays. 

2.2.3 Judith River Formation 
 
The Late Cretaceous Judith River Formation, also referred to as the Belly River or Oldman 
Formation, is an eastward thinning sedimentary wedge. The extent of this Formation (and its 
equivalents in Alberta) is shown in Figure 8. 
 
The Formation is composed of non-marine and marine, multi-colored, sands (very fine to 
medium-grained), silts and clays, with carbonaceous and concretionary zones, deposited in a 
deltaic environment (McLean, 1971). The deltaic environment is a composite environment 
including alluvial, lacustrine, aeolian, lagoonal, swamp, beach and marine environments.  
Typically, individual units are heterogeneous, rarely are greater than 3 m thick and laterally can 
only be followed over a few kilometers (McLean, 1971). 
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Tongues splitting of from the top of the main body of the Judith River Formation are included in 
the Bearpaw Formation (see section 2.2.4), whereas the tongues splitting from the bottom of the 
main body are part of the Judith River Formation (see Figure 6). 
 
Where present beneath the main body of the Judith River Formation, the Ribstone Creek Tongue 
is separated from the main body by the Grizzly Bear Tongue of the Lea Park Formation (see 
Figure 5). The Grizzly Bear Tongue is composed of non-calcareous marine silts and clays.   
 
There are relatively few detailed descriptions of the sediments of the Ribstone Creek Tongue.  In 
SRC testholes logs the Ribstone Creek Tongue is described as consisting of non-calcareous, very 
fine to fine grained sand, friable to very hard, locally with a clayey matrix and non-calcareous 
clays and silts.  In drillers logs the sands are often described as sandstone and the silts and clays 
as shale.  Within the Ribstone Creek Tongue the thickness of the sand unit(s) may vary locally. 
 
A typical SRC testhole log and oil log showing the Ribstone Creek Tongue are shown in Figures 
9 and 10, respectively.  On oil logs the Ribstone Creek Tongue can be identified by its higher 
spontaneous potential and resistivity compared to the overlying Grizzly Bear Tongue and 
underlying silts and clays of the Lea Park Formation and Upper Colorado Group. 
 
In parts of the study area the Victoria Tongue, also a tongue splitting from the bottom of the 
main body of the Judith River Formation, has been identified (McLean, 1971).  The Victoria 
Tongue underlays the Ribstone Creek Tongue and is separated from it by the Vanesti Tongue of 
the Lea Park Formation (see Figure 10).  This unit is not discussed further in this report. 

2.2.4 Bearpaw Formation 
 
In central Saskatchewan the sand tongues splitting off from the top of the main body of the 
Judith River Formations have been named and described by Caldwell (1968). The sand members 
are, in ascending order, named: Outlook Member, Matador Member, Demaine Member, 
Ardkenneth Member and Cruikshank Member. These sand members are separated by silt and 
clay members of the Bearpaw Formation (see Figure 5). 
 
Beneath the Cypress Hills area additional sand members have been identified. These are 
stratigraphically higher than the Cruikshank Member and have been named the Oxarart, 
Belanger and Thelma units (Lomenda, 1973).  Whitaker (1976) and Millard (1990a) identified 
these units in cross sections but spelled them differently than Lomenda (1973). 

2.2.5 Eastend to Ravenscrag Formations 
 
When the sea retreated from Saskatchewan during the Late Cretaceous, non-marine sands and 
silts were deposited in an advancing delta and in the following alluvial deltaic plain (Whitaker et 
al., 1978). 
 
The Eastend Formation is composed of grayish and greenish sand, silt and clay, with thin coal 
seams in the upper part. The Whitemud is composed of kaolinitized, white sand and clay, 
separated by a carbonaceous zone and overlain by a purplish shale of the Battle Formation. The 
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Frenchman Formation is composed of sand and clays. The Ravenscrag Formation is comprised 
of sands, silts, clays and coals.  Since these formations can not be separated in the subsurface 
they have been lumped together into one unit (e.g. Whitaker et al., 1978; Christiansen, 1983). 

2.2.6 Cypress Hills Formation and Tertiary Undifferentiated 
 
The Tertiary Cypress Hills Formation is composed of conglomerate, gravel, sand and silt 
(Vonhof, 1965a, b; 1969). It unconformably overlies the Ravenscrag Formation (or Eastend to 
Ravenscrag formations), or directly overlies the Bearpaw Formation. 
 
The youngest bedrock unit occurring in the study area is comprised of sands, silts and clays of 
Tertiary to Quaternary age. The extent of this undifferentiated Tertiary unit is limited to the 
Kindersley (72N) map sheet area. 

2.2.7 Bedrock Surface Geology and Topography  
 
The distribution of bedrock units outcropping at the bedrock surface is shown in Figure 11.  The 
distribution is a function of the bedrock units in the Western Sedimentary basin gently sloping 
upward from south to north and preglacial and glacial erosion. The spatial distribution of 
bedrock units has also been influenced to some degree by structural disruption due to salt 
dissolution.    
 
The bedrock topography is shown in Figure 12. The topography ranges from 398 meters asl in 
the Battleford Valley aquifer at the eastern boundary of the study area to 1350 meters asl in the 
Cypress Hills area.  The major bedrock surface topography features are the Cypress Hills 
(bedrock surface high), and bedrock surface lows in the Tyner Valley, Battleford Valley and 
Bronston Lake Valley aquifer systems, and the valley of the North Saskatchewan River. 

2.3 Quaternary Geology 
 
The “drift” can be separated into the Empress Group, Sutherland and Saskatoon groups and their 
formations and subdivisions. Drift consists of till and stratified deposits. Till is an unsorted and 
unstratified material deposited directly by the glaciers and is comprised of a mixture of clay, silt, 
sand, gravel and boulders. Stratified drift consists of sand, gravel, silt and clay deposited by 
water. 
 
The Empress Group is composed of sand, gravel, silt and clay of fluvial, lacustrine and colluvial 
origin that overlies Cretaceous bedrock and non-marine Tertiary bedrock and underlies till of 
Quaternary age (Whitaker and Christiansen, 1972). In preglacial valleys (such as the Tyner 
Valley), the Empress Group may include a preglacial unit identified by the presence of quartzite 
and chert gravel and the absence of carbonate and shield-derived material. The upper sands and 
gravels are of glacial origin and contain igneous, metamorphic and carbonate fragments 
(Christiansen, 1992). 
 
The Sutherland Group, originally described by  Christiansen (1968a), is defined as the drift 
between the Empress Group and Saskatoon Group or the drift between bedrock and the 
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Saskatoon Group ( Christiansen, 1992).  The Sutherland Group has been further subdivided, in 
ascending order, into the Mennon, Dundurn and Warman formations (Christiansen, 1992). 
 
The Saskatoon Group includes, in ascending order: Floral and Battleford formations and surficial 
stratified deposits. The Floral and Battleford formations were initially described by  Christiansen 
(1968a, b).   Christiansen (1992) subdivided the Floral Formation into a lower and upper till, 
separated by the Riddell Member (stratified sands).   
 
The term ‘surficial stratified deposits’ is an informal designation for sediments between the 
Battleford Formation and the present land surface (Christiansen, 1992). 

 
In Figure 13, the thickness of the drift is shown.  The drift thickness ranges from zero meters 
where bedrock units outcrop at the ground surface to about 270 meters.  In the Cypress Hills 
area, bedrock units are exposed at the ground surface in part because parts of the Cypress Hills 
have not been glaciated (see cross section H – H1, Appendix A).  Bedrock units in this area are 
also exposed in valley slopes (see cross section I – I1, Appendix A). Similarly, in the northern 
part of the study area the Ribstone Creek Tongue is exposed in river valley slopes (e.g cross 
sections A-A’ and B-B’, Appendix A). Bedrock may also be exposed as a result of glacial 
erosion. Drift is the thickest where preglacial valleys were deeply incised into the bedrock and 
where the present land surface represents topographical highs. 
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3. HYDROGEOLOGY OF THE RIBSTONE CREEK AQUIFER 

3.1 Introduction 
 
With respect to water supply, an aquifer is defined commonly as a saturated geological unit in 
which a well can be constructed which yields economic quantities of water.  Aquifers are 
separated by aquitards which are layers which are sufficiently permeable to transmit water but 
not sufficiently permeable to allow completion of a production well.  Typically, flow in aquitards 
is vertical whereas flow in aquifers is horizontal.  Depending on the dimensions of an aquifer, 
flow is controlled by the large-regional, regional or local topographic setting.   
 
Within the study area bedrock aquifers, in ascending order, are formed by sediments of the (see 
Figure 5): Mannville Group, the Ribstone Creek Tongue, the Judith River Formation, sand 
members within the Bearpaw Formation, the Eastend to Ravenscrag formations, Cypress Hills 
Formation, and undifferentiated Tertiary to Quaternary deposits. Major aquitards are formed by 
the silts and clays of the Lower Colorado Group, the Lea Park Formation – Upper Colorado 
Group, and the Bearpaw Formation (see Figure 5). 
 
Aquifers within the Quaternary deposits are formed by sediments of the Empress Group, by 
sands and gravels within and between the Sutherland and Saskatoon groups and by surficial 
sands and alluvial deposits. Aquitards are formed mainly by tills. 
 
The hydrogeology of the Ribstone Creek aquifer is discussed in more detail in the following 
sections.  Other aquifers within the study area are briefly discussed in section 5. 

3.2 Ribstone Creek Aquifer 

3.2.1 Extent and thickness of the Ribstone Creek and Grizzly Bear Tongue 
 
The extent and thickness of the Ribstone Creek Tongue is shown in Figure 14.  The thickness of 
the Ribstone Creek Tongue is based mainly on the SEM data since only for the area north of 
Township 40 other testhole data are available (Figure 15). 
 
In the area south of Township 43, the Ribstone Creek Tongue forms a virtual continuous 
geological unit with its eastern boundary being the depositional edge.  North of Township 43 the 
Ribstone Creek Tongue is a discontinuous unit. The discontinuity in this area is caused by 
removal of the Ribstone Creek Tongue by fluvial erosion which formed the Battleford and 
Lloydminster bedrock valleys and the present Big Gully Creek and Battle River valleys. Glacial 
erosion may also have contributed to the removal of the Ribstone Creek Tongue in this area. As a 
result, the northern boundary of the Ribstone Creek Tongue is an erosional boundary.  Although 
the Ribstone Creek Tongue occurs in isolated areas north or Township 43, within these areas the 
sediments of the Tongue are continuous. 
 
The Ribstone Creek Tongue ranges in thickness from less than 3 meters along the edges of its 
extent to locally exceeding 35 m.  However, throughout most of the study area it is between 5 
and 25 m thick.  
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From a hydrogeological point of view, it is important to note that the extent of the Ribstone 
Creek aquifer likely will coincide with that of the Ribstone Creek Tongue. However, since only 
part of the Tongue is comprised of sand or sandstone, the thickness of the Ribstone Creek aquifer 
will be less than the thickness of the Tongue. 
 
Despite the fact that the Ribstone Creek Tongue is continuous over its extent and because of the 
variability in the thickness and characteristics of its sands and sandstones, the Ribstone Creek 
aquifer is a heterogeneous aquifer. 
 
The Ribstone Creek aquifer in western Saskatchewan covers an area of approximately 45,350 
km2 and occurs at depths ranging from greater than 500 meters beneath the Cypress Hills area 
(see cross section H – H1, Appendix A) to less than 25 meters in the northern part of the study 
area.  The depth to the top of the Ribstone Creek Tongue is shown in Figure 16. 
 
The Grizzly Bear Tongue is defined as the silt and clay unit between the bottom of the main 
body of the Judith River Formation and the top of Ribstone Creek Tongue. Consequently, the 
extent of the Grizzly Bear Tongue coincides with that of the Ribstone Creek Tongue, except in 
the narrow zone where the Ribstone Creek Tongue forms the bedrock surface.  
 
The distribution of the thickness of the Grizzly Bear Tongue is shown in Figure 17.  Similarly as 
with the Ribstone Creek Tongue, the thickness is based mainly on the SEM data as only for the 
area north of Township 40 other testhole data are available.  
 
The Grizzly Bear Tongue ranges in thickness from less than 3 meters to about 125 m.  However, 
typically, the thickness is in the 20 to 60 meter range. 

3.2.2 Hydrogeological Models for the Ribstone Creek Aquifer 
 
Based on the geological setting of the Ribstone Creek aquifer (see Appendix A: cross sections), 
three basic hydrogeological models can be distinguished (Figure 18). The models have in 
common that the top of the Lea Park Formation and Upper Colorado Group forms an 
impermeable base with respect to groundwater flow above it. 
 
Model A is applicable to most of the area over which the Ribstone Creek aquifer occurs. The 
aquifer is overlain by an aquitard formed by the Grizzly Bear Tongue which in turn is overlain 
by the aquifer formed by the Judith River Formation. Recharge to the Ribstone Creek aquifer is 
controlled by the vertical hydraulic conductivity of the overlying aquitard formed by the Grizzly 
Bear Tongue.  The source of the recharge is the Judith River aquifer. 
 
Very little is known about the hydraulic conductivity of the Cretaceous silts and clays (Maathuis 
et al., 1993). Unfractured Cretaceous silts and clays can be expected to have a vertical hydraulic 
conductivity of less then 8.6 x 10-6 m/day (10-10m/s).  Since vertical gradients greater than unity 
are unlikely to occur, recharge through an aquitard will be maximal when the head difference is 
equal to the thickness of the aquitard (i.e. a gradient of unity). It can be shown that in this case 
the recharge equals the vertical hydraulic conductivity. Consequently, for a hydraulic 
conductivity less than 8.6 x 10-6 m/day, the recharge will be less than 0.003 m/year.  Similarly, 
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any upward discharge from the Ribstone Creek aquifer into the Judith River aquifer will be 
small. 
 
Model B is applicable to the area where the Judith River Formation is absent but sediments of 
the Grizzly Bear Tongue overlie the Ribstone Creek aquifer and, in turn, are overlain by an 
aquitard formed by tills.  In this case the recharge is controlled by the bulk hydraulic 
conductivity of the Grizzly Bear Tongue and the tills. 
 
In Model C, drift directly overlies the Ribstone Creek aquifer. Recharge to the aquifer is 
controlled by the bulk vertical hydraulic conductivity of the tills making up the drift aquitard.  In 
particular in the area where the drift is thin, and characterized by fracture permeability, recharge 
to the aquifer might be appreciable.  
 
The implications of the models with respect to aquifer yields are discussed further in section 
3.2.8. 

3.2.3 Wells in the Ribstone Creek Aquifer 
 
Based on the extent of the Ribstone Creek Tongue, available E-logs, and wells documented in 
consultant reports, Table 2 lists wells known to have been completed in the Ribstone Creek 
aquifer.  This Table also provides information on the top and bottom of the Ribstone Creek 
Tongue, well depth, depth to water, water level elevation, available drawdown and recommended 
pumping rate. Since the SWC Water Well Drillers Report database was not used in identifying 
wells completed in the aquifer, the actual number of wells completed in the aquifer will be 
greater than the 170 listed in Table 2. In addition to the wells listed, SEM records indicate that 
there are an additional 21 wells completed in the aquifer.  The location of wells known to be 
completed in the Ribstone Creek aquifer is shown in Figure 19. 

3.2.4 Water Quality in the Ribstone Creek Aquifer 
 
Available water quality data for wells completed in the Ribstone Creek aquifer are listed in Table 
3.  In Table 4, water quality data obtained from drill stem tests are provided. The locations of the 
sample points are shown in Figure 20. 
 
Inspection of the water quality data for the area south of Township 40 shows that the aquifer 
typically yields water of the Na-Cl type with a sum of ions in the range of 3,000 to 15,000 mg/L. 
This water is unsuitable for domestic, municipal and agricultural use, due to the high sodium 
(Na) and chloride (Cl) concentrations. However, it has been used by the oil industry for 
enhanced oil recovery. 
 
The characteristics of the water quality in the Ribstone Creek aquifer in the area between 
Township 40 and 52 are shown in more detail in Figure 21.  This Figure shows that in this area 
the quality of the water in the Ribstone Creek aquifer is variable in term of both composition 
(water type) and concentration (i.e. sum of ions).  Water is predominantly of the Na type, either 
Na- SO4 or Na-HCO3. The sum of ions ranges from 800 to 3,500 mg/L, but typically is less than 
2,500 mg/L.  
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3.2.5 Hydraulic Properties of the Ribstone Creek Aquifer 
 
Reported transmissivity and hydraulic conductivity data for the Ribstone Creek aquifer are 
summarized in Table 5. 
 
Table 5  Reported hydraulic properties for the Ribstone Creek aquifer 
 

Location Transmissivity 
 

m2/d 

Hydraulic  
Conductivity 

m/d 

Reference 

11-06-31-22-W3 2.5 - 6 0.2 – 0.4 UMA, 1964 
01/02-19-33-27-W3 1.9 - 14 0.2 - 1.3 AGRA, 1995 

NW-13-35-44-27-W3 21 5 Rohde and Lebedin, 1987 
11-16-36-28-W3 33  Hydrogeological 

Consultants Ltd. ,1992 
16-19-36-28-W3 22 - 33 1.3 – 1.8 Golder, 1996 
16-27-35-28-W3 11.3 – 22.4 0.8 – 1.6 Campbell Geoscience, 

1985 
 
It is evident from Table 5 that the hydraulic conductivity of the aquifer ranges from less than one 
to several meters/day, consistent with the lithology of the aquifer sediments.  Since the aquifer is 
relatively thin, it has a low transmissivity. 

3.2.6 Groundwater Flow in the Ribstone Creek Aquifer 
 
Point water level data are available only for the Ribstone Creek aquifer north of Township 42. 
South of Township 42 water level data are scarce and limited to a few sites where the oil industry 
uses the aquifer as a water supply source for enhanced oil recovery. 
 
From a large-scale regional perspective, and based on the general topographical setting, and with 
the Cypress Hills area in the south being a topographical high, flow in the Ribstone Creek 
aquifer south of Township 42 will be in a northerly direction.  Because of the absence of water 
level data, areas of recharge and discharge to and from the Ribstone Creek aquifer can not be 
identified. 
 
Point water level data for the Ribstone Creek aquifer north of Township 42 are shown in Figure 
22.  Because of the large variability in the reported water level data, the data can not be used to 
determine flow direction within the various portions of the aquifer.  The large variability in water 
levels is in part due to the fact that the reported depths to water data cover a time span of three 
decades. In addition, the depths to water measurements are subject to errors. 
 
The Ribstone Creek aquifer north of Township 42 occurs as isolated portions and consequently, 
groundwater flow within these portions is controlled by and will reflect, the local topographical 
setting.  Where the aquifer outcrops along the Big Gully Creek and Battle River valley slopes, 
springs can be expected since these outcrop areas represent discharges areas. 
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3.2.7 Withdrawals from the Ribstone Creek Aquifer 
 
The Ribstone Creek aquifer is used as a water supply source for domestic, municipal and 
industrial purposes.  The locations of wells licensed for withdrawals for municipal and industrial 
sources are shown in Figure 23.  The industrial use is exclusive the use by the oil industry. 
 
Throughout most of the study area the Ribstone Creek aquifer is either too deep or yields water 
which is unsuitable for drinking water purposes. Only in the area covered by Ranges 15 – 29, 
Twp 40 – 52, is the aquifer used as a source of domestic water supply. 
 
The Town of Marsden uses water from the Ribstone Creek and Quaternary aquifers for its 
municipal water supply. Marsden wells No. 5 and 6 have been completed in the Ribstone Creek 
aquifer (Rohde and Lebedin, 1987).  In the period 1985 – 2000, the Town withdrew a reported 
average annual volume of groundwater of about 30 dam3 (Table 6).  However, it is not known 
what percentage of this volume came from the Ribstone Creek aquifer. 
 
The oil industry has been using the Ribstone Creek aquifer as a source of water for enhanced oil 
recovery (see Figure 23).   Details about the water produced from the aquifer by the oil industry 
are provided in Table 7.  At the end of 2001, water was being produced from eight (8) wells.   

3.2.8 Yield of Wells in the Ribstone Creek Aquifer 
 
Based on drillers recommended pumping rates (see Table 2), the yield of domestic wells is in the 
order of  50 ± 20 m3/day (0.6 ± 0.2 L/s)  The yield of wells currently used by the oil industry 
ranges from  about 150 to 480 m3/day  (see Table 7). 
 
The yield of individual wells completed in the Ribstone aquifer is a function of a number of 
variables, including: transmissivity of the aquifer, pumping rate, available drawdown and the 
characteristics of the overlying aquitard (thickness and vertical hydraulic conductivity). 
For the Ribstone Creek aquifer south of Township 42 the theoretical yield of a well can by 
estimated by considering the steady-state drawdown model for an aquifer with leakage through 
an overlying aquitard (e.g. Kruseman and de Ridder, 1990): 

 

)(
2 0 L

r
K

T
Q

s
π

=      (1) 

where: 
  s = drawdown (meters) 
  Q = pumping rate (m3/day) 
  r = distance (meters) 
  T = transmissivity of the aquifer (m2/day) 
  TcL =  = leakage length (meters) 
  vKbc '= = vertical resistance (days) 
  b’ = thickness of the overlying aquitard (meters) 
  ='

vK  vertical hydraulic conductivity of aquitard (m/day) 
  K0 = modified Bessel function of the second kind and zero order 
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Applying equation 1, assuming that the Grizzly Bear Tongue has a thickness ranging between 20 
and 50 meters and a hydraulic conductivity of 8.64 x10-6 m/day, an aquifer transmissivity 
between 10 and 30 m2/day and a well diameter of 15.2 cm (6”), Figure 24 shows drawdowns 
near the well in the 7 to 180 m range for pumping rates between 100 and 1,000 m3/day. The 
actual drawdown in the well itself will be greater than that directly adjacent because of well 
losses.  Data on the available drawdown in the area south of Township 42 are extremely scarce 
but yields in excess of 1,000 m3/day are unlikely except under very favorable conditions. Figure 
24 also shows that the drawdowns may extend over significant distances, up to several tens of 
kilometers. Equation 1 assumes that the aquifer is homogeneous over these distances but this is 
unlikely the case considering the variable thickness and lithology of the aquifer. The 
heterogeneity will result in increased drawdowns and thus a lower well yield. 
 
It is also noted that because of the low vertical hydraulic conductivity of the Grizzly Bear 
Tongue establishing steady state conditions may take years. Similarly, recovery of water levels 
after pumping ceased will also take years. 
 
Theoretical analyses of well yields north of Township 42 have little meaning since the aquifer 
occurs as isolated pockets and boundary conditions would have to be taken into account. North 
of Township 42, the range in the drillers recommended pumping rates provides a practical 
guideline of potential well yields. 
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4. OTHER AQUIFERS 
 
Other major aquifers in the study area include aquifers formed by sediments of the Judith River 
Formation, sand members within the Bearpaw Formation, the Eastend to Ravenscrag formations, 
and the aquifers within the glacial deposits. These aquifers are briefly discussed below. 

4.1 Judith River Formation Aquifer 
 
Within the Western Sedimentary Basin, the aquifer formed by the sediments of the Judith River 
Formation is a major regional aquifer (see Figure 8).  The extent of the aquifer in the study area 
is shown in Figure 25.   The aquifer occurs virtually throughout the entire study area but is 
absent in the area where the Tyner Valley cut through the aquifer and north of Township 42 
where it has been removed by erosion except for two isolated remnants. Where it is present, it 
overlies the Ribstone Creek aquifer (see also cross sections, Appendix A).  

4.2 Aquifers in the Bearpaw Formation 
 
Based on the work by Whitaker (1982) and Millard (1990a), Figure 26 shows the area in which 
sand members of the Bearpaw Formation occur. Within this area one or more sand members may 
occur, but at different stratigraphical positions.  In terms of a water supply source, sand members 
of the Bearpaw Formation do not appear to be a significant source.  SWC records indicate that 
within the study area six (6) wells completed in a Bearpaw sand member area have been 
licensed, for a total allocation of about 110 dam3/year. 

4.3 Eastend to Ravenscrag Aquifer and Cypress Hills Unit 
 
The extent of the aquifer formed by the Eastend to Ravenscrag formations in the study area is 
shown in Figure 27.  This Figure also shows the extent of the Cypress Hills Formation. Where 
the Cypress Hills Formation overlies the Eastend to Ravenscrag formations, the Eastend to 
Cypress Hills formations form one aquifer unit.  
 
The Eastend to Ravenscrag aquifer unit in the vicinity of the Town of Shaunavon has been 
referred to by Meneley (1983) as the Shaunavon aquifer system.  Meneley (1983) estimated that 
the yield of individual wells from this system is in the 125 to 350 m3/day range. Water from this 
system is of the Na+K – HCO3 type and has an average sum of ions of about 1,050 mg/L.  The 
Town of Shaunavon is a major user of groundwater from this system. In the period 1985 – 2000, 
the Town withdrew about 360 dam3 annually (source: Saskatchewan Water Corporation). 

4.4 Drift Aquifers 
 
Aquifers within the Quaternary deposits occur at various stratigraphical levels and vary in extent 
and thickness. Figure 28 shows the extent of aquifers formed by sediments of the Empress Group 
and of alluvial, surficial, intertill (undifferentiated) aquifers. Within the study area, the drift 
aquifers form an important source of water for domestic, municipal and industrial purposes.  
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5. RECOMMENDATIONS 
 
• A more detailed study of the Ribstone Creek aquifer in the area covered by Ranges 23 – 28 

and Townships 43 – 52 should be considered as the aquifer in this area is a major source of 
domestic water supply. 

 
• Characterization of the water quality in the Ribstone Creek aquifer north of Township 42 can 

be greatly improved by conducting a targeted water quality program based on the wells 
identified in this report as being completed in the aquifer.  Water should be analyzed for 
major ions, trace elements, arsenic, selenium and selected isotopes such as deuterium and 
oxygen-18. 

 
• Since long-term water level records are not available for the Ribstone Creek aquifer it is 

recommended to construct two groundwater level observation wells in the aquifer, one north 
and one south of Township 42.  These wells should be incorporated into the provincial 
network of observation wells. 

 
• The aquifer formed by the Judith River Formation, and its equivalents in Alberta, is a major 

aquifer within the Western Sedimentary Basin. Because it is an important source of water for 
domestic, municipal and industrial purposes, a study of this aquifer in its entirety is 
warranted. 
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Figure 22. 
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northern part of
the Ribstone Creek 
aquifer.
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Data Sources:
data- Saskatchewan Energy and Mines, February 2002 and
Saskatchewan Water Corp. February, 2002.
base map- 2000 Government of Canada with
permission from Natural Resource of Canada
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Bearpaw Formation
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Map A-1
Extent of the Ribstone 

Creek Tongue and
location of 

cross section lines.
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