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Abstract 

Lower Cretaceous sediment was delivered to the McMurray Sub-Basin, probably via a 

continental-scale drainage system with headwaters in the Canadian Shield, 

Appalachians, and Cordillera of North America. Towards the mouth of the continental-

scale drainage, a series of tributaries drained the Canadian Shield, although the number, 

scale, and position of tributaries is poorly constrained. Herein, the McMurray 

paleodrainage system is mapped from the main fairway east towards the sparsely drilled 

and erosionally truncated subcrop edge. Linear and exponential regression is then used 

to map the McMurray Fm to its theoretical eastern extent.  Interpretations provided in 

this study indicates Assiniboia Valley, trunk valley of the McMurray Fm drainage, is not 

substantially wider than currently mapped, and the currently identified axis of Assiniboia 

Valley is accurate. However, the tributary network entering Assiniboia Valley from the 

Canadian Shield is complex with three main tributaries identified: Firebag, Buffalo River, 

and Choiceland tributaries. 

Keywords:  McMurray Formation; Athabasca Oil Sands; Assiniboia 

Valley; Lower Cretaceous Mannville Group; McMurray Paleodrainage; 

McMurray Subcrop Edge 
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Chapter 1. Introduction 

 The Athabasca Oil Sands in northeast Alberta and northwest Saskatchewan is 

the largest of three heavy oil/bitumen deposits in Canada (Fig. 1.1; Hein et al., 2013; 

Benyon et al., 2014). Recoverable reserves from this deposit are estimated to be greater 

than 27x109 m3 (Ranger, 2006; Musial et al., 2012; Hein et al., 2013), and current daily 

production is approximately 324x103 m3 (AER, 2017). The vast majority of bitumen 

production is from the Early Cretaceous McMurray Fm.  

 

Figure 1.1 Map of Canada with the three heavy oil/bitumen deposits shown in 
the pop-out map. The Athabasca Oil Sands deposit (also known as 
the Wabiskaw-McMurray deposit) is the largest of three, and is 
located in the Fort McMurray region of Alberta (image modified from 
Hein et al., 2013).   

 Deposition of the McMurray Fm occurred during late Aptian to early Albian 

transgression of the Boreal Sea (Ranger and Pemberton, 1997). Prior to transgression, 

lowstand conditions prevailed and a network of paleovalleys were carved into the 

underlying Paleozoic carbonates. Laterally adjacent to channels, prolonged subaerial 

exposure of Paleozoic carbonates promoted deposition/development of a pedogenically 
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altered zone consisting of lacustrine, abandoned channel fill and paleosols (Hein et al., 

2013; Kohlruss et al., 2013). Valley incision and erosion of underlying carbonates 

produced a paleodrainage system that concentrated sediment delivery in the McMurray 

Sub-Basin (Ranger and Pemberton, 1997; Benyon et al., 2016). In Alberta, the 

paleovalley through which the main McMurray channels were established, and hence, 

where sediment delivery was concentrated, is the Main Valley (Wightman and 

Pemberton, 1997) or Athabasca Trunk Valley (Ranger, 2006). In Saskatchewan, it is 

referred to as the Assiniboia Valley (Christopher, 1980; 1997). For the purposes of this 

thesis, this feature will be referred to as the Assiniboia Valley. 

To date, the majority of research has focused on the thickest successions of McMurray 

Fm strata located in Alberta (Fig. 1.2; e.g., Ranger and Pemberton, 1997; Wightman and 

Pemberton, 1997; Nardin et al., 2013, Hein et al., 2013). Isopach maps of the McMurray 

Fm highlight the location of the Assiniboia Valley, and are commonly used to predict 

paleodrainage axes on the SCU (Fig. 1.2; Christopher 1980; 1997; Ranger and 

Pemberton, 1997; Hein et al., 2013; Nardin et al., 2013).  
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Figure 1.2 Isopach map of the McMurray Fm. Grey arrows indicate potential 
paleodrainages on the Sub-Cretaceous Unconformity and track the 
axes of thick McMurray strata. Paleovalley names and position of 
the salt dissolution scarp are derived from Christopher (1997), 
Ranger (2006), Hauck et al. (2017) and Chateau (pers. comm., 2018).  
Map modified from and reproduced with permission of Mike Ranger. 

 Different nomenclature for the Mannville Group between Alberta and 

Saskatchewan is not based on any major lithological changes. Lower Cretaceous 

Mannville Group stratigraphy in northeast Alberta is subdivided into 3 formations: 

McMurray, Clearwater and Grand Rapids (Fig. 1.3; Carrigy, 1959; Flach and Mossop, 

1985; Ranger, 2006; Hein, 2006; Kohlruss et al., 2013). The base of the Clearwater Fm 

is called the Wabiskaw Member (Flach and Mossop, 1985; Ranger, 2006; Hein, 2006; 

Kohlruss et al., 2013). Lower Cretaceous Mannville group stratigraphy was first 

established in the Vermillion/Lloydminster region of Alberta and was subdivided into 6 

lithostratigraphic units/members, from oldest to youngest they are: Dina, Cummings, 

Islay, Tovell, Borradaile, and O’Sullivan (Nauss, 1945). Only the Dina and Cummings 

members were accepted and the remaining Mannville Group was divided based on 

industry terminology, from oldest to youngest they are the Lloydminster, Rex, General 

Petroleum, Sparky, and Waseca (Fuglem, 1970; Orr, et al., 1977; Vigrass, 1977; 

Putnam, 1980). Informal drillers’ terminology is well-established and referred to as 

members by Vigrass (1977) and formations by Orr, et al., (1977) regardless of the fact 

no formal type section has been established (Morshedian, et al., 2012). Recent work 

conducted in northwest Saskatchewan utilized informal terminology from east central 

Alberta and Saskatchewan (Kohlruss et al., 2013).  Units equivalent to the McMurray-

Wabiskaw succession are the Dina and Cummings. Overlying stratigraphy is equivalent 

to the Clearwater and Grand Rapids Formations. Established terminology from northeast 

Alberta is used for this study.   

 This research project involves mapping the paleodrainage of the McMurray Sub-

Basin from the axis of the Assiniboia Valley towards and beyond the sparsely drilled and 

erosionally truncated subcrop edge of the McMurray Fm in Saskatchewan. Three 

objectives are outlined by this thesis. The first involves determining the architecture of 

the eastern flank of the Assiniboia Valley. The second involves determining whether 

there was an additional axis of deposition lying further to the east. The final objective 

attempts to determine whether the Firebag Tributary and the Assiniboia Valley received 

and transported sediment from the same location. Nomenclature and terminology for the 
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Mannville Group in Alberta is used throughout the McMurray Sub-Basin after Carrigy 

(1959), while the Main Valley/Athabasca Trunk Valley is referred to as the Assiniboia 

Valley, following the convention of Christopher (1997). 
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Figure 1.3 Comparison of lithostratigraphic nomenclature for the Lower 
Mannville Group in northeast Alberta, and west-central and 
northwest Saskatchewan. Note the significant removal of overlying 
stratigraphy due to Pleistocene glaciation (chronostratigraphic chart 
modified from Musial et al., 2012; Ranger, 2006; Kohlruss et al., 
2013). 

1.1. Lower Mannville Group Paleodrainage 

 Prior to deposition of the McMurray Fm, an extensive paleodrainage was incised 

into underlying Devonian-aged carbonates. During subsequent flooding of the SCU, this 

drainage network concentrated sediment delivery to the McMurray Sub-Basin (Fig. 1.4 

Ranger, 2006; Hein et al., 2013). Regionally, several paleo-uplands influenced the 

McMurray paleodrainage system, including the Wainwright Ridge, Swift Current and 

Kindersley-Unity paleo-uplands (Christopher, 1980, 1997; Bauer et al., 2009). Other 

uplands that influenced paleodrainage include the Molanosa, Willowbunch and 

Moosomin paleo-uplands, which are not part of the study area (Christopher, 1997). 

Several rivers and streams flowed between these uplands and contributed sediment to 

the Assiniboia Valley (Fig. 1.4; Christopher, 1997; Bauer et al., 2009). The major 

paleotopographic low between the uplands is referred to as the Meadow Lake Lowland, 

and two main paleodrainages are defined therein – Assiniboia and Choiceland (Fig. 1.4; 

Christopher, 1997; Bauer et al., 2009). There is a previously unnamed tributary north of 

the Choiceland Paleovalley, which is named here as Tributary 2. Tributary 2 extends 

from the Assiniboia Valley east to the Alberta–Saskatchewan border in 82-01W4 and 

probably beyond (Figs. 1.2 and 1.4). It is possible that additional paleovalley(s) occurred 

there as well, but limited data exist to support this determination. 
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Figure 1.4 Map of the Lower Cretaceous paleodrainage network in the Alberta 
Foreland Basin. The tributary network across Saskatchewan forms 
part of the source terrane for sediments delivered to the McMurray 
Sub-Basin (figure modified from Christopher, 1997; Bauer et al., 
2010; Hein et al., 2013).   

 Three main catchment areas are thought to have provided sediment to the 

McMurray Sub-Basin, including: 1) the Grenville Province and the Appalachians, 

southeastern United States; 2) the Canadian Shield; and 3) the Cordillera (Fig. 1.5; Blum 

and Pecha, 2014; Benyon et al., 2014; 2016). These sediments can be split into two 

general chronofacies (Benyon et al., 2016). Chronofacies One is characterized by 

detrital zircon signatures of three distinct ages, with two constituting a major proportion 

of zircons sampled (Benyon et al., 2016). In Chronofacies One, zircon ages range from 2 

600–2 800 Ma, and are interpreted to have originated from the Superior Province of the 
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Canadian Shield (a in Fig. 1.5) or from Proterozoic quartzites of the Athabasca Group 

(Benyon et al., 2016). A second cluster of zircons in Chronofacies One are 1 800–1 900 

Ma, and are interpreted to have originated from the Trans-Hudson Province of the 

Canadian Shield (b in Fig. 1.5) or possibly from the Proterozoic quartzites of the 

Athabasca Group, Alberta and Saskatchewan. Finally, Chronofacies One also contains a 

smaller cluster of zircons with ages between 1 200 Ma and 1 800 Ma, possibly 

originating from the mid-continent granite-rhyolite province (1 300–1 500 Ma) and/or the 

Yavapai-Mazatzal Terranes (1 600–1 800 Ma; c in Fig. 1.5; Benyon et al., 2016).  

Chronofacies Two consists of zircons younger than in Chronofacies One, with 

three different age clusters. Zircons 1 000–1 200 Ma old are interpreted to have 

originated from the Grenville Province of eastern North America (Fig. 1.5; Benyon et al., 

2016). Zircons from 300–600 Ma are interpreted to have originated from the Appalachian 

region of eastern North America (Fig. 1.5; Benyon et al., 2016). Finally, zircons dated to 

<250 Ma are interpreted to have originated from the Cordillera of western North America 

(Fig. 1.5; Benyon et al., 2016). 

 Several hypotheses have been proposed for sediment delivery to the McMurray 

Sub-Basin during the Early Cretaceous (Fig. 1.6; Blum and Pecha, 2014; Benyon et al., 

2014; 2016). Scenario 1 (Fig. 1.6) proposes that sediment was delivered through a 

continental-scale drainage with headwaters in the Canadian Shield and Appalachian 

Mountains (Blum and Pecha, 2014; Benyon et al., 2016). Scenario 2 involves recycling 

sediments deposited in the southwestern United States, and depositing it in the 

McMurray Sub-Basin (Fig. 1.6; Benyon et al., 2014; 2016). Scenario 3 contends that 

sediment was deposited in central Saskatchewan and was locally remobilized and 

transported to the McMurray Sub-Basin by a Lower Cretaceous paleodrainage network 

(Fig. 1.6; Benyon et al., 2014; 2016).  
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Figure 1.5 Map of North America, showing the location of the interpreted main 
sediment source terranes for the McMurray Formation. The Grenville 
Province of the Appalachian region, the Trans-Hudson and Superior 
Provinces of the Canadian Shield, and the Cordillera. The letters a, 
b, and c are possible source areas based on detrital zircons from 
Chronofacies One (see text) (image modified from Benyon et al., 
2014). 

 As deposition of Lower Cretaceous strata occurred and the sub-basin filled, the 

source of sediment varied (Benyon et al., 2016). High numbers of zircons derived from 

the Canadian Shield and Appalachian Mountains are found in stratigraphically older 

intervals of the McMurray Fm, whereas younger strata exhibit a larger contribution of 

zircons from the Cordillera (Benyon et al., 2016).  
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Regardless of sediment source, sediment was delivered to the McMurray Sub-

Basin through the Assiniboia Valley, following a southeast to northwest paleodrainage 

that extended through Saskatchewan and into Alberta (Christopher, 1997; Ranger, 2006; 

Broughton, 2015). The orientation of the Assiniboia Valley was largely controlled by salt 

dissolution of the Prairie Evaporite (Fig. 1.8), as well as the position of paleo-highlands 

of the SCU (Fig. 1.4; Christopher, 1997).  
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Figure 1.6 Theoretical reconstructions of Pre-Cretaceous and Early Cretaceous 
paleodrainage based on detrital zircon signatures. Scenario 1: (A) 
No paleodrainage system was established prior to McMurray Fm 
deposition. (B) During the Early Cretaceous, a network of streams 
developed with headwaters in the Appalachian Mountains and 
across the Canadian Shield. Scenario 2: (A) Prior to the Early 
Cretaceous, deposition of sediment in western North America 
occurred in the southwest USA. (B) A shift in drainage patterns in 
the Early Cretaceous resulted in sediment remobilization toward the 
McMurray Sub-Basin. Scenario 3: (A) Sediment was delivered to 
regions of central Canada prior to the Early Cretaceous. (B) 
Following this, sediment was remobilized and deposited in the 
McMurray Sub-Basin (image modified from Benyon et al., 2016).    
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1.1.1. Catchment Basin and Source-to-Sink Systems 

Source-to-sink studies involve characterizing depositional systems from the 

source of sediments in hinterlands to their final depositional position in, typically, marine 

basins. These studies involve determining initial sediment production at the source, 

sediment transfer mechanisms (rivers), and deposit architectures at the terminus of 

source-to-sink systems (Bhattacharya et al., 2016). Factors such as catchment area, 

climate, and relief control the scale of depositional systems and river discharge, 

ultimately influencing the scale of downstream depositional environments such as deltas 

and submarine fans (Bhattacharya et al., 2016). The size of the catchment basin, and its 

ability to produce sediment, ultimately relates to the overall size of the whole source-to-

sink system, including the main trunk valley and down-dip depositional environments at 

the shoreline and extending into deep water (Bhattacharya et al., 2016). An important 

aspect of source-to-sink modeling is that observations made about one region potentially 

allows for predictions to be made about other parts of the system (Somme et al., 2009; 

Bhattacharya et al., 2016). Source-to-sink analysis of Quaternary systems reveal that a 

positive correlation exists between catchment area, length of the river transporting 

sediment, and volume of the terminal submarine fan (Fig. 1.7; Somme et al., 2009; 

Bhattacharya et al., 2016).  

Paleodischarge of the river interpreted to have delivered sediment to MSB was 

calculated at approximately 15 x 103 m3, and based on a meandering river architecture, 

and an average channel depth of 40 m (Musial et al., 2012, Bhattacharya et al., 2016). 

Paleodischarge from McMurray rivers suggests the system was comparable in size to 

the modern Mississippi River, and hence, was probably a continental-scale drainage 

system (Musial et al., 2012, Bhattacharya et al., 2016). Continental-scale drainage 

systems typically occupy low gradient topography, and McMurray paleodrainage was no 

different with a gradient of approximately 0.0003 (Musial et al., 2012; Bhattacharya et al., 

2016). These data, in conjunction with detrital zircon, indicates McMurray Fm sediment 

was delivered to the sub-basin through a continental-scale drainage system with 

headwaters originating in eastern North America, but with major contributions from the 

Canadian Shield and southwestern USA (Musial et al., 2012; Blum and Pecha, 2014; 

Bhattacharya et al., 2014; Benyon et al., 2014; 2016). 
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Figure 1.7 Schematic diagram illustrating the scaling relationship between 
catchment area, rivers, and submarine fans in source-to-sink 
systems (image modified from Somme et al., 2009). 

1.1.2. Salt Dissolution  

The development of McMurray Sub-Basin including Assiniboia Valley was heavily 

influenced by dissolution of Prairie Evaporites and the subsequent collapse of overlying 

Devonian carbonates (Figs. 1.2, and 1.8; Flach and Mossop, 1985; Ranger and 

Pemberton, 1997; Wightman and Pemberton, 1997; Hein and Cotterill, 2006; Hein et al., 

2013; Broughton, 2015). Recent work identified two zones where dissolution likely 

effected the location of Assiniboia Valley. The first zone is defined by partial dissolution 

where there is halite and anhydrite present in Prairie Evaporite, while the second zone is 

defined by total dissolution of all evaporites (Fig. 1.8; Schneider et al., 2014; Stoakes et 

al., 2014; Broughton, 2015). Timing of dissolution and collapse is a subject of debate 

amongst the scientific community, with theories involving pre-, syn- and post-McMurray 

deposition (Flach, 1984; Broughton, 2015). Recent work focusing on the timing of 

dissolution, concluded there was likely several phases of deformation resulting from the 

continual westward migration of the salt-dissolution edge (Hein and Cotterill, 2006; 

Schneider et al., 2014; Stoakes et al., 2014; Broughton, 2015). The first phase was 

associated with Laramide Orogeny, and occurred between Middle Jurassic and Early 

Cretaceous and during the subareal exposure of Paleozoic stratigraphy and the 

formation of SCU (Schneider et al., 2014; Stokes et al., 2014; Broughton, 2015). Phase 

2 was syn-depositional with McMurray Fm deposition, and likely influenced the location 
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of Assiniboia Valley as the salt scarp migrated west (Fig. 1.8; Hein and Cotterill, 2006; 

Schneider et al., 2014; Stoakes et al., 2014; Broughton, 2015). The third and final phase 

of dissolution occurred during the Quaternary with the introduction of glacially derived 

fresh water from the eastern margin of the basin (Schneider et al., 2014; Stoakes et al., 

2014; Broughton, 2015). 

 

Figure 1.8 Location of partial and complete Prairie Evaporite Fm salt 
dissolution in Alberta and Saskatchewan. (Image modified from 
Broughton, 2015). 
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1.2. Study Area 

 The study area straddles the Alberta-Saskatchewan border, extending from 052-

20W3 to 097-4W4. In areas with limited well control, the western edge of the study area 

is extended westward to range 06W4. The original study area consists of more than 426 

township and range blocks, equaling more than 39 000 km2, and excludes the area 

added during the process of hypothetical well creation (Fig. 1.9). The eastern edge of 

the Athabasca Oil Sands deposit, the eastern margin of the Cold Lake Oil Sands 

deposit, and the informal Firebag Tributary system occur within the study area (Fig. 1.9; 

Ranger, 2006).  

In addition to the major features influencing the paleodrainage network 

surrounding and within the study area, a number of less prominent features are present. 

Between townships 085-02W4 and 091-06W4, Paleo-high 1 separates Firebag Tributary 

and Tributary 2. In townships 080-02W4 to 085-05W4, Tributary 2 (Figs. 1.2, 1.4 and 

1.9) trends NW-SE and coalesces with Assiniboia Valley around township 085-05W4. 

Along the southwestern and western edge of the study area, the Winefred High parallels 

the Assiniboia Valley (Hauck et al., 2017). The zone of maximum Prairie Evaporite salt 

dissolution is referred to as the Salt Scarp (Wightman and Pemberton, 1997; Hein et al., 

2000; Figs. 1.2 and 1.8) and it controls the location of the Assiniboia Valley. Paleo-highs 

and paleovalley troughs in the east are not identified, owing to a combination of sparse 

well control and glacial erosion that formed the Mannville erosional edge (Figs. 1.4, 1.8, 

and 1.9). The eastern boundary of the study area is controlled by the location of 

available data. Subsequent chapters extend the eastern border of the study area to 

range 05W3 to define the eastern boundary of the Assiniboia Valley.     
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Figure 1.9 Study area outlined in red extending from 052-20W3 (SE corner) to 
096-04W4 (NW corner). The western edge overlies a structural 
elevation map of the Sub-Cretaceous Unconformity. Yellow colours 
represent paleohighlands that form the western margin of 
Assiniboia Valley. Blue colours represent paleo-lowlands including 
the Assiniboia Valley and Tributary 2. The salt scarp/salt collapse 
low represents the position of maximum salt dissolution and the 
influence it had on the McMurray paleodrainage system. Black 
arrows represent paleoflow directions during McMurray deposition, 
and green dots indicate cores logged in this study. Dashed black 
line represents no bitumen line derived from Ranger (pers. comm., 
2018). (Image modified from Hein et al., 2013). 

  

 Drilling, and hence well density, decreases significantly towards the east due to 

the loss of reservoir quality and absence of bitumen. Sparse well density marks the 

position where the McMurray Fm becomes water saturated, and is delineated by a line 

referred to as the “zero bitumen line” (Figs.1.2 and 1.9; Ranger pers. comm.). The study 

area has approximately 8 665 vertical wells that penetrate into the underlying Devonian, 

and provide a full stratigraphic representation of Lower Cretaceous stratigraphy. The 

majority of wells are located in the western half of the study area and in northwest 

Saskatchewan between townships 094-24W3 and 095-25W3. The east-central and 

central parts of the study area have limited or no well control. Toward the southern 

regions of the study area there is higher well density, because there are reservoirs 

located in stratigraphically higher levels above the McMurray.   

1.3. Previous work  

 The regional architecture of the Assiniboia Valley is not well understood east of 

the Athabasca deposit (Figs. 1.2 and 1.9; Labrecque et al., 2011; Barton, 2016). Most 

studies end at the Alberta-Saskatchewan border and do not explore the thickening trend 

of the Assiniboia Valley between townships 70 and 90 east of the AB-SK border (Ranger 

and Pemberton, 1997; Hein and Cotterill, 2006; Ranger 2006; Broughton, 2015; Hauck 

et al., 2017). In Saskatchewan, studies have focused on the Lower Cretaceous Cantuar 

Fm, but concentrate on overlying stratigraphy hosting economic hydrocarbon deposits 

(Christopher 1980; 1997; Bauer et al., 2009; Kohlruss et al., 2010a, 2010b, 2013).  
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 The development of the McMurray Sub-Basin, including the Assiniboia Valley, 

was strongly influenced by dissolution of the Prairie Evaporite Fm salts and the 

subsequent collapse of overlying Devonian carbonates (Figs. 1.2, and 1.8; Flach and 

Mossop, 1985; Ranger and Pemberton, 1997; Wightman and Pemberton, 1997; Hein 

and Cotterill, 2006; Hein et al., 2013; Broughton, 2015). Timing of dissolution and 

collapse is a subject of debate amongst the scientific community, with theories involving 

pre-, syn- and post-McMurray deposition (cf. Flach, 1984; Broughton, 2015). For the 

purposes of this study, dissolution and collapse in the study area are assumed to have 

preceded McMurray deposition, as the amount of salt dissolution decreases with depth 

(towards the southwest), and salt is completely removed throughout most of the study 

area. Consequently, the architecture of the Assiniboia Valley is assumed to have been 

established before McMurray deposition initiated and remained largely unchanged 

during transgression of the Boreal Sea (Broughton, 2015).  

1.4. Methodology 

1.4.1. Core logging and Geophysical Wireline Logs 

 Of the 8 665 wells in the study area, approximately 600 are cored, and the 

majority of these penetrate economic accumulations of bitumen. Cores selected for 

logging were chosen based on the following criteria: 1) penetration into underlying 

Devonian strata with an easily identified SCU; 2) contain a mixture of sand and 

mudstone layers providing an accurate ichnological assessment not biased toward one 

lithology; and 3) cores that have the thickest preserved interval of the McMurray Fm. 

Table 1.1 lists wells that were logged, and Figure 1.10 marks the locations of each 

logged core.  

 During the summer of 2016, 25 cored intervals were described, with 11 located at 

the Core Research Centre in Calgary, Alberta and 14 at the Subsurface Geological 

Laboratory in Regina, Saskatchewan. Each core was described in detail, focusing on 

lithology, sedimentary structures and ichnology. A total of approximately 1120 m of core 

was described (Table 1.1). North of Township 80, 12 cores were selected for logging, 

concentrated along the Firebag Tributary. South of Township 80, 13 cores were logged 

along the eastern extent of the Assiniboia Valley in Saskatchewan. Using key 

stratigraphic surfaces identified in core, wireline-log characteristics were identified for 
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Sub-Cretaceous Unconformity (SCU) and top of the McMurray Fm, and then correlated 

throughout the study area. A description and summary of three representative cores is 

provided below to highlight variations and similarities in successions, as well as the 

character of the stratigraphic surfaces from north to south across the study area. 

 A maximum of 10 wells per township are used for this study, with preference 

given to wells drilled since 2000 and with a full suite of geophysical wireline logs. The 

SCU, top of the McMurray Fm (Top_McMurray) and top of the Wabiskaw Mbr 

(Top_Wabiskaw) surfaces were correlated across the study area using characteristic 

signatures described in type wells 1AA/15-09-071-03W4, 131/15-30-094-24W3 and 

111/13-01-052-27W3. These correlations are then used to calculate McMurray isopach 

values employed for mapping. Three type wells from across the study area display 

characteristic signatures of the Top_Wabiskaw, Top_McMurray, and SCU, are used to 

correlate these surfaces.      
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Table 1.1  List of cored well locations and their province of location. Red 
indicates wells deemed as representatitve of specific regions of the 
study area, and that are described in the following section. 
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Figure 1.10 Study area map with wells (black dots) and the locations of core 
highlighted with green dots. Each dot corresponds to a UWI in Table 
1.1.  Labels A, B, and C are well locations deemed as representatitve 
of specific regions of the study area. 

  

Representative Well (131/15-30-094-24W3) for the Northern Study Area 

 The 131/15-30-094-24W3 well is located in northwest Saskatchewan, and is 

representative of wells in the northern part of the study area (Fig. 1.11). Only the lower-

most McMurray is preserved in this region because erosion has removed much of the 

overlying upper McMurray and all of the Wabiskaw Mbr. The removal of Top_Wabiskaw 

and Top_McMurray stratigraphic surfaces prevents the use of a stratigraphic datum in 

this region. On wireline logs it is difficult to identify the contact between the McMurray 

Fm and Glacial Drift due to the similar Gamma-ray readings between the two lithologies. 

Correspondingly, core and drilling rates were relied upon to differentiate the units. 

Consequently, only the SCU and the top of the pedogenically modified sediments 

directly overlying the SCU are described for the 131/15-30-094-24W3 well.  

 The SCU is best identified on geophysical well-logs using the Photoelectric (Pe), 

Neutron-Density (N-D), and/or Resistivity curves. In 15-30-094-24W3, the SCU is at a 

depth of 212.1 m, and is manifested geophysically (Fig. 1.11) by Pe readings that 

change sharply upwards from 3 barns/electron to approximately 2 barns/electron. This 

indicates a sharp transition from carbonate mineralogy of Devonian-aged strata (typical 

Pe: 3 (dolomite) or 5 (limestone)) to siliciclastic mineralogy of the Early Cretaceous (Pe: 

2 (sandstone) or 3 (shale/mudstone)).  

 On Neutron-Density logs, the SCU is identified by a significant increase in 

porosity upwards across the contact. In Figure 1.11, the Neutron and Density curves are 

calibrated to sandstone density. The Density curve reads a change from approximately 

0% to 27% and the Neutron curve changes from <18 to >36%. On the Resistivity curve, 

the SCU is marked by a transition upwards from > 10 ohms to < 10 ohms (Fig. 1.11). 

This is a result of lower porosity carbonate rock providing more resistance to an 

electrical current compared with the more porous siliciclastic rocks of the McMurray 

Formation. The Resistivity curve is unreliable where bitumen-saturated McMurray 

sandstones are in direct contact with Devonian carbonates, as bitumen is non-

conductive and gives a similar log response as that associated with non-porous 
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carbonate material. The SCU is difficult to identify on the Gamma-ray curve and, 

therefore, Gamma-ray could not be used as an accurate tool for selecting the surface.  

 The SCU is identified in core where carbonate rock and siliciclastic rock are in 

contact (Fig’s. 1.11 and 1.12). For the 15-30-094-24W3 well, material directly above 

Devonian carbonates (Fig. 1.11) consists of siltstone that is rich in organic matter with 

carbonaceous detritus concentrated in 5-10 cm beds (Fig 1.12). The 1.5 m zone of 

carbonaceous-rich siltstone resides directly above the SCU and grades into a 5 m thick 

unit of very fine-grained, current rippled sandstone interbedded with siltstone, and rare 

5-10 cm beds of medium-grained sandstone. This sequence fines into a 1.5 m thick 

zone of clay-rich sediment without sedimentary structures or ichnological features. This 

5 m stratal succession is interpreted as floodplain with paleosols (pedogenically modified 

sediments). On wireline logs, these pedogenically modified sediments form a fining-

upward succession with a sharp contact at 205.5 m. The contact between this 5 m clay-

rich, possibly pedogenically modified layer, (which resides approximately 1.5 m above 

the SCU) and the McMurray coarse-grained sandstone at 205.5 m is sharp and erosive, 

with a pebble lag at the contact (Fig. 1.12). It is important not to confuse the contact at 

205.5 m with the SCU at 212.1 m, because along the northern region of the study area 

some wells do not have the pedogenically altered zone, owing to its probable removal by 

later McMurray channels.  
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Figure 1.11  Full suite of Geophysical wireline log from 131/15-30-094-24W3. This 
is the representative well from the northern study area. Contact 
between the Devonian carbonates and the McMurray Fm is at 212.0 
m (marked by wavy red line) best identified on the Pe, Neutron-
Density and Gamma-ray curves. The Gamma ray is less reliable 
because the SCU can be confused with the sharp decrease in 
radiation at 205.5 m which also correlates to changes on the 
Resistivity, and Neutron-Density. Contact between the ‘clean’ 
sandstone of the McMurray Fm and the overlying glacial drift is not 
evident and casing point is used to represent the extent of 
McMurray preservation.  
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Figure 1.12  Core from 131/15-30-094-24W3. The interval pictured is from 213.0 m 
to 205.2 m. The SCU is at approximately 212.0 m with Devonian 
carbonates below and siliciclastic sediment above. Clastic 
sediments directly overlying the SCU consist of organic-rich clay 
with carbonaceous detritus disseminated throughout.   
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Representative Well (1AA/15-09-071-03W4) for the Central Study Area 

 The SCU in the 1AA/15-09-071-03W4 well is best identified on the Pe curve, and 

occurs at 545.5 m (Fig. 1.13 and 1.14). In the central and southern portions of the study 

area, both the Top_McMurray and Top_Wabiskaw surfaces are preserved. The 

Top_McMurray surface is best identified using the Gamma-ray, Neutron-Density, and to 

a lesser extent Pe curves. In the 1AA/15-09-071-03W4 well, the Top_McMurray occurs 

at 505.0 m (Fig.1.13 and 1.15), and this horizon is situated above the interval 508.0 m to 

505.0 m where Gamma-ray values decrease upwards from 75 to 45 API. This is 

interpreted as a coarsening-upward succession. On the Neutron-Density curve, there is 

a significant decrease from approximately 35% to 27% at 505.0 m, which corresponds to 

the top of the coarsening-upward succession apparent on the Gamma-ray curve and 

correlates to the Top_McMurray surface. Where Pe logs are available, there is a slight 

increase from approximately 2.2 barns/electron to 2.5 barns/electron, interpreted to be 

where glauconite influences the mineralogy of the rock. The Resistivity curve is the least 

reliable, because any bitumen saturation influences the readings.  

 The coarsening-upward succession (interval 505.0 m to 508.0 m) is observed in 

core (Fig. 1.15), beginning with very fine- to fine-grained sandstone laminated with 

organic-rich siltstone, and combined flow and current ripples, that hosts simple, facies-

crossing ichnogenera such as Planolites and Cylindricnus (mm-cm scale). This is 

overlain by bitumen saturated fine- to medium-grained sandstone. The Top_McMurray 

contact is at 505.0 m. This is overlain by fine-grained sandstone with abundant 

glauconite, more robust trace fossils and more diverse ichnogenera that includes 

Asterosoma, and Diplocraterion, characteristic of the Wabiskaw Member (Fig. 1.15).    

 The Top_Wabiskaw (Wabiskaw Marker) is identified most reliably on the Neutron 

Porosity and the Resistivity curves. In the 15-09-071-03W4 well, the Top_Wabiskaw 

occurs at 496.5 m (Fig. 1.13), where Neutron Porosity increases from 40% to nearly 

60%. Across the study area, however, the Top_Wabiskaw is most easily defined by an 

upwards decrease in Resistivity from more than 10 ohms·m to 4 ohm·m. The only well 

with core that intersects the Wabiskaw Marker has poor recovery across that zone, with 

15.5 m of lost recovery between 455.0 and 481.0 m.  
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Figure 1.13  Geophysical wireline logs from 1AA/15-09-071-03W4/00. This well is 
representative of wells from the central region of the study area. The 
SCU is at approximately 545.5 m and reliably picked using the Pe 
curve in combination with the Neutron-Density. Top_McMurray is at 
505.0 m and can be identified using the Gamma-ray, and Density 
curves, and confirmed using core observations.  Top_Wabiskaw 
(Wabiskaw Marker) is loacated at a depth of 496.5 m and best 
identified using the Resistivity and Neutron curves.  
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Figure 1.14  Interval with the contact between Devonian carbonates and the 
Lower Mannville Group McMurray Fm (red line), referred to as the 
Sub-Cretaceous Unconformity (SCU). This core correlates with the 
wireline log in Fig. 1.12 and represents the interval from 543.5 m to 
546.5 m.   
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Figure 1.15 Contact between the McMurray Fm and the overlying Wabiskaw Mbr 
of the Clearwater Fm at 505.0 m (red line). The contact marks the 
end of a coarsening-upward succession composed of very fine-
grained sandstone interbedded with organic-rich shale that hosts 
simple, facies-crossing ichnogenera such as Planolites and 
Cylindricnus (mm-cm scale).  
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Representative Well (111/13-01-052-27W3) for the Southern Study Area  

 The 111/13-01-052-27W3 (Fig.1.16) was selected as the type well for the 

southern part of the study area. All surfaces are preserved and are identifiable on 

wireline logs (Fig.1.16). The SCU lies at 594 m (Fig.1.16 and 1.17), and the 

Top_McMurray contact occurs at 550.5 m (Fig. 1.18) where dark organic-rich sandy 

siltstone is overlain fine-grained sandstone with planar parallel stratification and robust 

Asterosoma and fugichnia (Fig. 1.18). The Top_Wabiskaw is identified on the Neutron 

curve at 539.5 m, where the reading exceeds 45% Neutron Porosity above the contact 

(Fig. 1.16). 
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Figure 1.16 Geophysical wireline log from 111/13-01-052-27W3/00, which is 
representative of wells from the southern regions of the study area. 
Well log analysis shows that these surfaces can be correlated from 
the nothern to the southern region of the study area. The SCU is at 
approximately 594.0 m, Top_McMurray is at 550.5 m and the 
Wabiskaw Marker is located at a depth of 539.5 m. 
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Figure 1.17 SCU between Devonian carbonates and the Lower Cretaceous 
McMurray Fm at approximately 594.0 m depth in 111/13-01-052-
27W3. This correlates to geophysical wireline logs in Figure 1.16. 
Approximately 15 cm above the SCU, clay in the rock absorbed 
water dripping on the box and the integrity of the core has been 
compromised. This, however, does not affect the SCU depth.  

 

 

Figure 1.18 Contact between the McMurray Fm and the overlying Wabiskaw Mbr 
of the Clearwater Fm at 550.5 m (red line).  
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1.4.2. Cross Sections and Mapping 

 Detailed isopach mapping of the study area was conducted and compared to 

previous mapping studies to confirm the position and orientation of the Assiniboia Valley 

in Saskatchewan (Christopher, 1997; Bauer et al., 2009; Hein et al., 2013). To do this, 

the McMurray isopach values were hand contoured and interpreted to represent the 

structure of the Lower Cretaceous paleodrainage system during the initial stages of 

deposition. This isopach map was used to help orient cross sections employed to project 

wells eastward to the subcrop edge.  

 Hypothetical wells were generated east of the subcrop edge by projecting the 

SCU and Top_McMurray surfaces to the east using both linear and exponential 

regression. The creation of hypothetical wells enabled the generation of additional data 

points for predicting and contouring isopach thickness beyond the subcrop edge. 

Hypothetical wells were created for each cross section at 10, 20, 50 km and the subcrop 

location for both linear and exponential regression calculations.  

1.5. Thesis Layout 

 This thesis comprises four chapters. Following this introductory chapter, Chapter 

two focuses on methodology used for projecting surfaces past the subcrop edge of the 

McMurray Formation. Chapter three concentrates on interpreting maps created using 

isopach values at hypothetical wells derived from linear and exponential regression. 

Chapter four presents the conclusions from the study, and outlines future work that can 

be conducted to further understand the architecture of the Assiniboia Valley. 
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Chapter 2. Hypothetical Well Projection 
Methodology 

2.1. Introduction   

 This chapter summarizes methodology used for projecting surfaces eastward 

from the axis of the Assiniboia Valley (AV) towards and beyond the sparsely drilled and 

erosionally truncated subcrop edge of the McMurray Fm in Saskatchewan. Surfaces 

used for these projections include the SCU, Top_McMurray and Top_Wabiskaw. The 

Wabiskaw is included in projections to test and account for any significant variations in 

the McMurray isopach caused by downcutting of Wabiskaw-aged channels into the 

McMurray Fm.  

2.2. Location of cross sections used for projections 

 Initial McMurray isopach mapping was undertaken using Surfer, where 

thicknesses from Top_McMurray to SCU identified the general trend of the Lower 

Cretaceous paleodrainage system in the study area. Contours were generated using the 

point kriging method available in the Surfer. The first isopach map was used as a guide 

for defining the number, location, and orientation of cross-sections needed to accurately 

project surfaces to the east (Fig. 2.1). In total, 23 cross sections (A–A’ to W–W’) were 

constructed.  

Cross-section positions were selected based on several criteria. 1) At least 5 

wells had to be present along the line of section. 2) The trend of the McMurray isopach 

across the five wells had to show a general thinning to the east. The decision to include 

only cross sections that displayed a thinning to the east was because a large increase in 

thickness at hypothetical wells created isolated thick regions, and the subcrop edge was 

not evident. 3) Cross sections had to be perpendicular or oblique to the interpreted axis 

(maximum isopach thickness trend) of the Assiniboia Valley (AV). 4) The eastern-most 

well along the cross-section line had to be the most easterly well/data point in the study 

area in which all three surfaces are preserved. An exception to this is W – W’, which 

extends into glacially eroded regions of northwest Saskatchewan. Of note, the eastern 

boundary of well data (Fig. 2.1) is marked by the eastern polygon boundary in Figure 
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2.1; however, the eastern boundary of the study area depends on how far the projected 

surfaces extend to the east. Therefore, an extended study area was established for 

maps dealing with projected surfaces. 
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Figure 2.1 Isopach map of the McMurray Fm in the study area using exisitng 
well data. Blue colours represent regions with > 70 m of preserved 
McMurray strata, and which are interpreted to represent the 
thalwegs of Assiniboia Valley, Choiceland Paleovalley and Tributary 
2. Black lines labelled A–A’ to W–W’ represent cross sections 
created to project surfaces toward the east. 

2.2.1. Example of Distance Correction along Cross Sections 

 Once the orientation of each cross section was established (Fig. 2.1), a line of 

section connecting the first and last well was constructed (Fig. 2.2). For example, cross-

section A–A’ extends from 76-2W4 to 78-24W3 (Fig. 2.2). Using a straight line 

connecting 07-07-076-02W4 to 12-27-078-24W3, each well along the cross-section is 

projected (perpendicular) onto the line (Fig. 2.2), and the distance between projected 

well positions is measured along the straight line. Plotting the distance between each 

well versus subsurface elevation enables calculations using linear and exponential 

regression for the three surfaces (Fig. 2.3).  
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Figure 2.2 (A) Isopach map of the McMurray Fm from 75-23W3 to 78-3W4 with 
cross section A–A’ and UWI of each well used. Distances shown 
along the projected cross-section line (red line) are measured from 
07-07-076-02W4.   
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Figure 2.3 Graph of subsurface elevation versus distance from the first well on 
the cross section (07-07-076-02W4 Fig. 2.2).  

2.3. Linear and Nonlinear Projections 

 Regression can be used to predict the numerical value of a dependent variable 

by using the mathematical relationship between two or more variables or parameters 

(Park, 2011). Regression analysis is used to describe the behaviour of a random 

variable, Y, which is dependent on one or more quantitative variables, X (Park, 2011). 

For the purpose of this study, Y is the elevation of surfaces at predetermined distances, 

X. The equation used for linear projections is as follows: 

 

Y = bX + a          [Eq. 1] 

Y= dependent variable 
a = y-intercept  
b = slope of the line 
X = independent variable 
 

Nonlinear regression is a procedure for fitting data to any selected equation using 

one or more parameters to describe the relationship between X and Y (Motulsky and 

Ransnas, 1987). The equation used for exponential regression is as follows: 

 

Y = ae(bX)          [Eq. 2] 

Y = dependent variable 
a = parameter 1  
b = parameter 2 
X = independent variable 

 

 Initially, the coefficient of determination (R2) was considered to represent the 

accuracy of the line of best fit and an increased accuracy was determined by having a 

value closer to 1. R2 is defined mathematically as the sum of total squares determined 

through regression divided by the sum of total squares (Filho et al., 2011). The R2 value 

is interpreted to represent the percent variation between the dependent variable (Y), 

explained by the variation in the independent variable (X; Filho et al., 2011). According 

to some, there is no correlation between a high R2 value and the line of best fit, because 

sample variation can strongly influence R2 (Filho et al., 2011). Margin of error is 
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recommended instead of R2 (Filho et al., 2011). Unfortunately for this study, projections 

extend beyond the point of acceptable error; primarily due to the distance calculated for 

the location of the subcrop edge. An acceptable error can be calculated for projections 

extending a few hundred meters, but for distances intended for this study (several km) 

margin of errors are predicted to be high, leaving R2 as the best means for measuring 

error.   

 For this study, linear and exponential regressions are used to project surfaces 

eastward. Surfaces are projected to pre-determined distances of 10, 20, and 50 km 

beyond the last well, using equations generated from linear and exponential regression. 

100/ represents the first well in the Legal Subdivision (LSD) and 102/ represents the 

second well in the LSD. As linear regression was the first method applied, all 

hypothetical wells beginning with 100/ are part of the linear regression data set and all 

hypothetical wells beginning with 102/ are part of the exponential data set. At the pre-

determined distances, hypothetical wells are defined (100/ for linear projections and 102/ 

for exponential projections), and depths for the SCU, Top_McMurray, and 

Top_Wabiskaw are calculated using equations 1 and 2. As well, the hypothetical 

depositional edge for the McMurray Fm is interpreted to occur where the projected 

surfaces for the SCU and Top_McMurray intersect using both linear and exponential 

regression, and these positions are also defined as wells. The addition of hypothetical 

wells is done to enable contour mapping of the McMurray Fm beyond the subcrop edge 

based on both linear and exponential regression. 

 The data set for linear regression included all hypothetical wells labeled 100/. For 

the exponential data set, hypothetical wells labeled 102/ are employed. This allowed the 

two data sets to be treated separately. On each cross section, the exponential subcrop 

edge is always located west of the linear subcrop edge. By creating two separate wells 

at the exponential subcrop edge location (100/ and 102/), an additional data point was 

created for the linear regression data set, increasing well control for the contour maps.  

2.3.1. Linear Regression Example 

 Five hypothetical wells are created along cross-section A–A’ using equations 

generated from linear regression (Fig 2.4). The UWI for hypothetical wells created using 

linear regression are: 1) 100/15-10-079-23W3 at 10 km; 2) 100/16-28-079-22W3 at 20 

km; 3) 100/04-16-080-21W3 at approximately 30 km (different well but same location as 
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the exponential subcrop edge); 4) 100/08-18-081-19W3 at 50 km; and 5) 100/14-09-084-

14W3 at the calculated depositional edge (Fig. 2.5). Calculated thicknesses for the 

McMurray Fm based on linear regression is 67 m at 10 km, 60 m at 20 km, 53 m at ~30 

km (exponential subcrop), and 40 m at 50 km (Fig. 2.5). Isopach values are summarized 

in Tables 2.1 and 2.2. Intersection point for the SCU and Top_McMurray linear 

regression lines is located approximately 155 km northeast from the axis of the 

Assiniboia Valley (beginning of the cross section), or approximately 100 km east of the 

last data point (Fig. 2.5).  

 

Figure 2.4 Graph with linear regression equations derived from the line of best 
fit. Equations were used to project surfaces to hypothetical wells 
and provide an estimated McMurray Fm thickness.  

 



43 

 

Figure 2.5  Map illustrating the location of hypothetical wells created for the A-
A’ cross section. Five wells were created for this cross section due 
to the added data point of the exponential subcrop edge. 

2.3.2. Results from Linear Regression 

 Linear regression was applied to 23 cross sections, projecting the SCU and the 

top of the McMurray Fm eastward to determine the location of the subcrop edge (Fig. 

2.6). Applying linear regression to each of the 23 cross sections resulted in the creation 

of 103 linear hypothetical wells, each with a calculated thickness in regions of sparse 

well control. Tables 2.1 and 2.2 provide the list of all cross sections and hypothetical 

wells created using linear regression. Figure 2.6 is a regional map of the study area with 

the location of the 103 hypothetical wells derived from linear regression calculations. The 

map illustrates how far the projections extend east, with 8 lines of section extending past 

the edge of the expanded study area, and 12 indicating that the subcrop edge is located 

within the expanded study area. One cross section (G-G’) was projected into the 

proximity of a well with known McMurray-SCU interval in 074-22W3 and indicates a 

similar McMurray thickness value (79 m for the hypothetical well and 69 m for the real 

well). All 103 hypothetical wells are used to predict the full extent of the McMurray 

paleodrainage system determined through linear regression.  



44 

 



45 

Figure 2.6 Study area map with all 23 cross sections used for projecting 
surfaces using equations derived from linear regression. A total of 
103 hypothetical wells were created, and are represented on the 
map.   
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Table 2.1 List of hypothetical wells from cross-sections A-A’ to L-L’ created 
using linear regression. 
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Table 2.2 List of hypothetical wells from cross-sections M-M’ to W-W’ created 
using linear regression.  
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2.3.3. Exponential Regression Example 

 Using equations generated from exponential regression on the A-A’ cross 

section, only 3 hypothetical wells had a calculated McMurray isopach value because the 

calculated subcrop location did not extend past 50 km (Fig. 2.7). At the hypothetical well 

102/15-10-079-23W3 (10 km), the McMurray isopach is calculated to be 49 m thick. At 

hypothetical well 102/16-28-079-22W3 (20 km), the interval is 27 m thick (Fig. 2.8). 

Using the exponential regression method, the subcrop edge is calculated to have been 

approximately 77 km northeast of the Assiniboia Valley at 102/04-16-080-21W3, or 

approximately 30 km northeast of the last known data point (Fig. 2.8). 

 

Figure 2.7 (A) Graph with exponential regression equations derived from the 
line of best fit. Equations were used to project surfaces to 
hypothetical wells.  
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Figure 2.8 Map illustrating the location of hypothetical wells created for the A-
A’ cross section. Only three hypothetical wells were created 
compared to the 5 wells created using linear regression. 

2.3.4. Results from Exponential Regression 

 Exponential regression was applied to all 23 cross sections to project the SCU 

and Top_McMurray eastward in order to determine the location of the subcrop edge and 

predict the original thickness of the McMurray at predetermined distances. Applying 

exponential regression to each of the 23 cross sections resulted in the creation of 61 

hypothetical wells, each with a calculated isopach thickness in regions of sparse well 

control. For each line of section, all exponential calculations placed the McMurray 

subcrop edge closer to the Assiniboia Valley. Two cross sections (K-K’ and U-U’) were 

excluded because the predicted subcrop edge was located in regions of known 

McMurray Fm preservation. Therefore, only 21 of the 23 cross sections were used to 

create exponential hypothetical wells. Tables 2.3 and 2.4 provide a list of all the cross 

sections and hypothetical wells created using exponential regression. Two cross 

sections had erroneous values, predicting the McMurray subcrop edge resided prior to 

the end of the cross section and not beyond the edge of known data. Correspondingly, 

the two cross sections were excluded (Table. 2.3 and 2.4). Figure 2.9 is a regional map 

of the study area with the location of the 61 hypothetical wells produced using 
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exponential regression calculations. The map illustrates how far the exponential 

projections extend east and indicate the full extent of the predicted McMurray drainage 

system determined using exponential regression. It is also important to note that there 

are only 61 hypothetical wells used to determine the architecture of the eastern flank, 

and widespread areas have no well control.  
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Figure 2.9 Study area map with hypothetical wells created using exponential 
regression. A total of 61 exponential hypothetical wells were 
created. 
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Table 2.3 Hypothetical wells from cross-sections A-A’ to L-L’ created using 
exponential regression.  
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Table 2.4 List of hypothetical wells from coss-sections M-M’ to W-W’ created 
using exponential regression. 
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2.4. Alternate Mapping Using R-squared as a Determining 
Factor  

 Initially, all cross-sections, regardless of the goodness of fit (R2 values) of linear 

and exponential regressions, were used to generate isopach maps of the McMurray Fm 

beyond the known subcrop edge. An alternate mapping methodology was then 

employed that discriminates between data, based on R2. For both linear (Table 2.5) and 

exponential regression (Table 2.6), cross-sections were identified where R2 values were 

below 0.60 for one or two (out of 3) surfaces: Top_Wabiskaw, Top_McMurray, SCU. 

These are written in green text (Tables 2.5 and 2.6) and used for mapping method A. 

Where all surfaces did not meet the R2 threshold of >0.6, values were excluded from 

mapping method A (red text; Tables 2.5 and 2.6). Mapping method B excluded cross 

sections with any surface producing a R2 value <0.6 (red and green text; Tables 2.5 and 

2.6).   

 Applying mapping method A to data from linear regression resulted in three 

cross-sections: M-M’, S-S’ and U-U’ being excluded from the dataset (Table 2.5). This 

led to a reduction of hypothetical wells from 103 to 92, with data derived from 20 cross 

sections rather than 23 (Table 2.5). Applying mapping method B to data from linear 

regression resulted in two additional cross sections: F-F’ and T-T’, being excluded. This 

led to a further reduction in the number of linear hypothetical wells employed from 92 to 

82, derived from 18 cross sections rather than 20.  
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Table 2.5 R-squared values derived from linear regression for surfaces 
(Top_Wabiskaw, Top_McMurray, and SCU) in each cross section. 
Cross sections with all R2 values <0.60 are highlighted in red. Cross 
sections with any R2 values <0.60 are highlighted in green.    

 

Applying mapping method A to data from exponential regression resulted in two 

cross-sections: M-M’, and S-S’ being excluded (Table 2.6). This led to a reduction of 

hypothetical wells from 61 to 54, with data derived from 19 cross sections rather than 21 

(Table 2.6). Applying mapping method B to data from exponential regression resulted in 

two additional cross sections: F-F’ and T-T’, being excluded. This led to a further 
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reduction in the number of exponential hypothetical wells employed from 54 to 48, 

derived from 17 cross sections rather than 19.  

Table 2.6 R-squared values derived from exponential regression for surfaces 
(Top_Wabiskaw, Top_McMurray, and SCU) in each cross section. 
Cross sections with all R2 values <0.60 are highlighted in red. Cross 
sections with any R2 values <0.60 are highlighted in green.    
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2.5. Margin of Error 

 Margin of error calculations were intended to be part of this thesis, but after 

discussions with statisticians, the likelihood of calculating a reasonable confidence 

interval and, thus, a margin of error was deemed unlikely. Calculations for a reasonable 

margin of error would have only been accurate for the first few hundred meters beyond 

well control, and projected surfaces and isopach thicknesses at hypothetical well 

locations would have a (very) high degree of uncertainty. Uncertainty in isopach 

thicknesses also increases the further away from known well control (to the east). 

Consequently, thicknesses at projected well locations can only be treated as 

hypothetical, with no quantifiable confidence interval or margin of error.   
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Chapter 3. Interpretations of McMurray Isopach 
Maps Based on Linear and Exponential Regression 
Datasets 

3.1. Introduction 

 Paleotopographic reconstructions of the Sub-Cretaceous Unconformity were 

produced to determine the architecture of the McMurray paleodrainage system beyond 

the preservation edge (subcrop edge) of the McMurray Formation. Thick McMurray 

accumulations are taken to represent the axis of paleovalleys carved into the SCU, and 

regions with thinner accumulations represent off-axis deposits through to the valley 

margins. To enable comparison of mapping techniques, an isopach map using existing 

well data (Map 1) was produced as a standard for comparison. Isopach maps were then 

constructed using projected thicknesses at hypothetical wells, generated using both 

linear (Map 2) and exponential regression (Map 5), and not discriminating between data 

based on goodness-of-fit (R2). Another set of maps were then generated using only 

hypothetical well data derived from cross sections where at least one surface in any 

given cross section has an R2 value >0.6 (maps 3 and 6; see section 2.4 for an 

explanation). A final set of maps were constructed using only data derived from cross 

sections where all three surfaces have high R2 values (>0.6; maps 4 and 7). The 

reconstructed architectures of the McMurray Sub-Basin towards the east and beyond the 

McMurray subcrop edge is then discussed, based on the seven iterations of isopach 

maps (Figs. 3.1–3.7).  

3.2. Map 1: McMurray Isopach Map (Existing Well Data 
Only) 

 Map 1 is a McMurray isopach map derived using existing well data only (Fig. 

3.1). This map acts as a control for comparison of hypothetical reconstructions of the 

Assiniboia Valley (AV) as shown in maps 2 to 7. Stated another way, it is possible to 

identify new features (e.g., tributaries, paleo-highs) on maps 2 to 7 by comparing them to 

Map 1.  
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Map 1 (Fig. 3.1) highlights prominently the location and trend of the AV, Firebag 

Tributary (Tributary 1), Tributary 2, and the Winefred High. The position of the 

Choiceland Paleovalley is shown based on previously published maps (e.g., 

Christopher, 1997), but is not obvious on Map 1. A tributary to the north of the 

Choiceland Paleovalley is evident. The Firebag Tributary (referred to herein as Tributary 

1) is evident on Map 1, and is separated from the AV and Tributary 2 by Paleo-high 1. 

The existence and location of Tributary 2 (in 83-02W4) is based on 5 wells, which define 

an ESE-WNW thickness trend through township 82-02W4 (Fig. 3.1). With only 5 wells, it 

is difficult to determine whether Tributary 2 continues into Saskatchewan or if Tributary 2 

is simply an off-axis extension of the Assiniboia Valley.  

 Paleo-high 2 is centered around 64-24W3 and extends southeast out of the study 

area in 60-20W3 (Fig. 3.1). The position of the Choiceland Paleovalley (Tributary 3 on 

subsequent maps) is not resolved as there are no well data, but there is a thick trend 

oriented ESE-WNW through 59-21W3 and this approximates its location.  
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Figure 3.1 Map 1: McMurray isopach map using existing well data only (black 
dots). The positions of tributaries and paleo-highs are shown. 

3.2.1. Map 2: McMurray Isopach Map Based on Linear Regression (All 
Hypothetical Wells) 

 Several interesting features are evident in the McMurray isopach created using 

isopach thicknesses from all well locations and based on linear regression (Map 2, Fig. 

3.2), particularly when compared to Map 1. First, it appears that the Firebag Tributary 

(Tributary 1) was oriented SE-NW rather than E-W and may have comprised multiple 

tributaries that drained the eastern uplands (Tributary 1A, and 1B, Map 2; Fig. 3.2). 

Towards the east, it is possible that Tributary 1 also connected to the AV through a SW-

NE connector in 84-24W3. Second, the paleo-tributary network south of Township 80 is 

significantly more complex than previously mapped, with Tributary 2 (named herein as 

the Buffalo River Tributary) extending further east than shown in Map 1. Tributary 2 

extends eastward of the study area and forms a confluence with the AV between 76-

26W3 and 78-26W3 (Fig. 3.2). South of Tributary 2, Tributary 3 is defined by 13 

hypothetical wells, and is separated from the AV by Paleo-high 2 (Map 2; Fig. 3.2).  

 In summary, Map 2 defines a significant number of paleo-tributaries that drained 

the Canadian Shield, and shows that the eastern margin of the McMurray Sub-Basin 

hosted a series of isolated highlands crosscut and drained by multiple river networks. 

The tributary network is extensive, but can be grouped into three main fairways: 

Tributary 1 (Firebag Tributary; Twp 91 at Alberta-Saskatchewan (AB-SK) border); 

Tributary 2 (Buffalo River Tributary, Twp 77 at AB-SK border); and Tributary 3 

(Choiceland Paleovalley, Twp 72 at AB-SK border). 
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Figure 3.2 Map 2: McMurray isopach map created using both existing well data 
and 103 hypothetical wells (dots) derived from linear regression of 
23 cross sections. Purple dots represent hypothetical wells 
projected 10 km from each line of section used. Blue dots represent 
hypothetical wells projected 20 km from each line of section used. 
Green dots represent wells projected a distence of 50 km from each 
line of section used. Yellow dots represent hypothetical wells at 
random distances, which correspond to the calculated subcrop 
location from exponential regression. Orange dots represent 
hypothetical wells created from cross sections that indicate the 
subcrop edge is beyond the study area. Red dots indicate the 
subcrop edge location. Black arrows represent interpretation of the 
Lower Cretaceous paleodrainage system across the study area. 

3.2.2. Map 3: McMurray Isopach Map Using Partial Linear Regression 
Data (Alternate Mapping Method A) 

 Map 3 is an alternate, linear regression isopach map of the McMurray Fm that 

excludes all data derived from cross sections in which linear regression lines (surfaces) 

have R2 < 0.6 (Fig. 3.3). In other words, cross sections were only used where R2 was 

above 0.60 for at least one of the 3 stratigraphic surfaces (refer to Table 2.5). Using this 

methodology, cross-sections not used include M-M’, S-S’ and U-U’. Consequently, Map 

3 uses only 92 hypothetical wells rather than the 103 employed to construct Map 2. The 

main differences between maps 2 and 3 reside only in the northern part of the study 

area (north of Twp 79).  

Compared to Map 2, Map 3 shows Tributary 1 no longer connected to the AV 

south of Paleo-high 1. In fact, Tributary 1 maps as two distinct tributaries referred to as 

Tributary 1 (north of Paleo-high 1) and Tributary 4 (south of Paleo-high 1; Fig. 3.3). The 

implication of the tributary configuration in Map 3 is that Tributary 1 (Firebag Tributary) 

drained a distinct region of the Canadian Shield. If true, this might be reflected in the 

petrology of sands in this tributary system. 
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Figure 3.3 Map 3: Linear regression isopach map of the McMurray Fm using 
alternate mapping method A. Map includes 92 hypothetical wells 
(dots) derived from 20 cross sections. Purple dots represent 
hypothetical wells projected 10 km from each line of section used. 
Blue dots represent hypothetical wells projected 20 km from each 
line of section used. Green dots represent wells projected a distence 
of 50 km from each line of section used. Yellow dots represent 
hypothetical wells at random distances, which correspond to the 
calculated subcrop location from exponential regression. Orange 
dots represent hypothetical wells created from cross sections that 
indicate the subcrop edge is beyond the study area. Red dots 
indicate the subcrop edge location. Black arrows indicate the 
interpreted location of tributaries forming the Lower Cretaceous 
paleodrainage system.  

3.2.3. Map 4: Alternate Linear Hypothetical Map 2 (Alternate Mapping 
Method B) 

 Map 4 is an alternate, linear regression isopach map of the McMurray Fm that 

excludes all data derived from cross sections in which any linear regression line 

(surface) has R2 < 0.6 (Fig. 3.4). In other words, cross sections were only used where R2 

values were above 0.60 for all surfaces (refer to Table 2.5). Using this methodology, 

cross-sections not used include F-F’, M-M’, S-S’, T-T’ and U-U’. Map 4 uses only 82 

hypothetical wells derived from 18 cross sections. Similarities between Map 4 and other 

linear hypothetical maps (Figs. 3.2 and 3.3) include the configuration of Tributary 1; 

otherwise, there are several distinctive differences. Tributary 4 no longer exists in Map 4, 

but rather the McMurray depositional edge is continuous between Paleo-high 1 and 3. 

Tributary 2 has the same general trend as in Maps 2 and 3, although there are two 

additional tributaries that branch off to the east – Tributaries 2A and 2B (Fig. 3.4). Paleo-

high 4 appears less extensive compared to previous maps, with Tributary 2C lying on 

the northern side and Tributary 3 towards the west. Tributary 3 displays the same 

configuration as it does in maps 2 and 3.    
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Figure 3.4 Map 4: Linear regression isopach map of the McMurray Fm using 
alternate mapping method B. Map includes 82 hypothetical wells 
(dots) derived from 18 cross sections. Purple dots represent 
hypothetical wells projected 10 km from each line of section used. 
Blue dots represent hypothetical wells projected 20 km from each 
line of section used. Green dots represent wells projected a distence 
of 50 km from each line of section used. Yellow dots represent 
hypothetical wells at random distances, which correspond to the 
calculated subcrop location from exponential regression. Orange 
dots represent hypothetical wells created from cross sections that 
indicate the subcrop edge is beyond the study area. Red dots 
indicate the subcrop edge location. Black arrows indicate the 
interpreted location of tributaries forming the Lower Cretaceous 
paleodrainage system. 

3.2.4. Map 5: McMurray Isopach Map Based on Exponential 
Regression (all hypothetical wells) 

 Map 5 was generated using isopach thicknesses for all hypothetical wells, and 

using exponential regression of surfaces (Fig. 3.5). Several interesting features are 

evident in this map when compared to its linear regression counterpart (Map 2). North of 

Paleo-high 3, thick isopach trends on Map 5 are similar to those expressed in Map 2, 

showing a connection between Tributary 1 and the Assiniboia Valley. The eastern extent 

of Tributary 1 is not well defined on Map 5, however, with only Tributary 1A apparent 

(Fig. 3.5). Paleo-high 1 retains the same location and orientation as displayed in maps 

1–4 (Figs. 3.1–3.4).   

One main deviation from linear regression maps 2–4 apparent in Map 5 (Fig. 3.5) 

is the location of Paleo-high 4, which is situated further west and forms a continuous 

highland with Paleo-highs 2 and 3. Together, this highland defines the eastern limit of 

the McMurray Sub-Basin. However, given the scales (widths and depths) of Tributaries 

1, 2 and 3, it seems improbable that these valleys terminate only a few 10s of km into 

Saskatchewan. 
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Figure 3.5 Map 5: McMurray isopach map created using both existing well data 
and 61 hypothetical wells (dots) derived from exponential regression 
of 21 cross sections. Purple dots represent hypothetical wells 
projected 10 km from each line of section used. Blue dots represent 
hypothetical wells projected 20 km from each line of section used. 
Green dots represent wells projected a distence of 50 km from each 
line of section used. Yellow dots represent the subcrop edge 
location. Black arrows represent the location of paleotributaries and 
paleochannels responsible for incising into the underlying 
stratigraphy. 

  

3.2.5. Map 6: McMurray Isopach Map Using Partial Exponential-
Regression Data (Alternate Mapping Method A) 

 Map 6 is an exponential regression isopach map of the McMurray Fm that 

excludes data from all cross sections in which all three regression lines (surfaces) have 

R2 < 0.6 (Fig. 3.6). In other words, cross sections were only used where R2 values were 

above 0.60 for at least one of the three surfaces (refer to Table 2.6). Using alternate 

mapping method A, data for Map 6 was reduced from 61 to 54 hypothetical wells derived 

from 19 cross sections rather than 21. Without data from cross sections M-M’ and S-S’, 

the McMurray isopach shows a configuration around Paleo-high 1 similar to that of Map 

3 (Fig. 3.3, the alternate linear interpretation map) and, therefore, the descriptions for 

areas in both maps are the same. Other than changes surrounding Paleo-high 1, there 

are no differences from the description provided for map 5 in Section 3.2.4. 
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Figure 3.6 Map 6: Exponential regression isopach map of the McMurray Fm 
using alternate mapping method A. Map includes 54 hypothetical 
wells (dots) derived from 19 cross sections. Purple dots represent 
hypothetical wells projected 10 km from each line of section used. 
Blue dots represent hypothetical wells projected 20 km from each 
line of section used. Green dots represent wells projected a distence 
of 50 km from each line of section used. Yellow dots represent the 
subcrop edge location. Black arrows indicate the interpreted 
location of tributaries forming the Lower Cretaceous paleodrainage 
system. 

3.2.6. Map 7: McMurray Isopach Map Using Partial Exponential 
Regression Data (Alternate Mapping Method B) 

 Map 7 is an exponential regression isopach map of the McMurray Fm that 

excludes data from all cross sections in which any linear regression line (surface) has R2 

< 0.6 (Fig. 3.7). In other words, cross sections were only employed where R2 was above 

0.60 for all key stratigraphic surfaces (refer to Table 2.6). Using this methodology, cross-

sections not used include F-F’, M-M’, S-S’ and T-T’. Consequently, Map 7 uses only 48 

hypothetical wells. Like Map 4, Tributary 2A is not defined, and a continuous McMurray 

depositional edge is prevalent that connects Paleo-highs 1 and 3. South of this, there is 

little change to the trend of the McMurray depositional edge compared to that expressed 

in maps 5 and 6.  
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Figure 3.7 Map 7: Exponential regression isopach map of the McMurray Fm 
using alternate mapping method B. Map includes 48 hypothetical 
wells (dots) derived from 17 cross sections. Purple dots represent 
hypothetical wells projected 10 km from each line of section used. 
Blue dots represent hypothetical wells projected 20 km from each 
line of section used. Green dots represent wells projected a distence 
of 50 km from each line of section used. Yellow dots represent the 
subcrop edge location. Black arrows indicate the interpreted 
location of tributaries forming the Lower Cretaceous paleodrainage 
system. 

3.3. Beyond the Subcrop Edge: Resolving the Architecture 
of the McMurray Sub-Basin 

 Several features are defined in all maps regardless of which type of regression 

and data culling methodology was employed. The features that are evident on all maps 

include Paleo-highs 1, 2 and 3, and Tributary systems 1, 2 and 3. Tributary 1 is the 

Firebag Tributary system (Fig. 3.8). Although all mapping methods suggest that the 

Firebag Tributary terminated only a short distance into Saskatchewan, the lithology of its 

sands suggests this river system drained a significant amount of the Canadian Shield 

(Ranger, 2006; Benyon et al., 2016). Hypothetical maps (maps 2 – 7; Figs. 3.2 – 3.7) 

suggest that an additional branch (Tributary 1A) extended NE from the Firebag Tributary 

in 94-03W4. This branch possibly sourced sediment from the Mesoproterozoic 

Athabasca Group (Fig. 3.9; Ranger, 2006; Benyon et al., 2014), which is composed 

largely of quartz arenites ranging from fine-grained sandstone to conglomerate (Bosman 

and Ramaekers, 2015). In addition to sourcing sediment from the Athabasca Basin, 

Tributary 1 (Firebag) possibly sourced sediment from the Rae Province of the Canadian 

Shield (Macdonald and Slimmon, 1999). Based on mapping results and sand lithology 

(Bosman and Ramaekers, 2015), Firebag Tributary (Tributary 1) is interpreted to 

comprise multiple branches that coalesced to the west (Fig. 3.8) and drained a 

substantial region of the Canadian Shield (Fig. 3.9).  
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Figure 3.8 Summary map indicating the most probable paleodrainage pattern 
for the eastern flank of the McMurray Sub-Basin. Three separate 
drainages occur on all maps: Firebag Tributary, Buffalo River 
Paleovalley and Choiceland Paleovalley. Red arrow indicates a 
possible additional axial location for the Assiniboia Valley.    

 Tributary 2 (Buffalo River Tributary) is also present regardless of mapping 

technique, although the eastern extent differs significantly between maps. Based on the 

results of linear and exponential regression, Buffalo River Tributary likely had its 

headwaters in eastern Saskatchewan and potentially further east (Fig. 3.8). Buffalo River 

Paleovalley is interpreted to represent a major topographic low that extended eastward 

beyond the Mannville Erosional Edge (Fig. 3.8), supplying sediment from the Hearne 

and Reindeer provinces of the Canadian Shield, as well as from portions of the Superior 

Province further east (Fig. 3.9; Macdonald and Slimmon, 1999; Blum and Pecha, 2014; 

Benyon et al., 2014; 2016; Broughton, 2015, Hauck et al., 2017).  

Finally, Tributary 3 (Choiceland Paleovalley) also shows a more extensive 

drainage system in linear regression maps compared to exponential regression maps, 

and confirms the location of this paleovalley (Fig. 3.8) postulated by Christopher (1997). 

Based on the various mapping techniques, Choiceland Paleovalley probably indicates 

that there was major drainage from the east-southeast in the direction of the Canadian 

Shield, and possessed similar source areas as the Assiniboia Valley (Christopher, 

1997).   
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Figure 3.9 Map of eastern Alberta, Saskatchewan and western Manitoba, 
illustrating Lower Cretaceous drainage patterns and potential 
source terrains. The partly translucent green areas represent the 
possible catchment areas of each paleovalley/tributary defined in 
this study. Orange represents highlands that influenced the 
paleodrainage system: 1) Grosmont High/ Wainwrite Ridge; 2) 
Molanosa; 3) Kindersley Paleo-upland; 4) Swift Current Paleo-
upland; 5) Willowbunch; and 6) Moosomin Paleo-upland 
(Christopher, 1997; Ranger and Permberton, 1997). Location of 
Grouse, Quail, and Ptarmigan Paleovalleys (Basiru et al., in press) 
are illustrated west of the study area. Approximate location of 
Prairie Evaporite Salt Scarp is illustrated with partial and full 
removal of salt indicated (Broughton, 2015; Hauck et al., 2017). 
Potential source rock regions from the Canadian Shield are 
highlighted (Macdonald and Slimmon, 1999; Prior et al., 2013). 

In addition to the topographic features that are apparent on all linear regression 

and exponential regression isopach maps (maps 2 to 7), there are also interesting 

features that are only resolved on one or two maps. These features are not included in 

the compilation map (Fig. 3.8) due to uncertainty surrounding in their existence. First, a 

connection between Firebag Tributary and the Assiniboia Valley is only shown on maps 

2 and 5, but suggests that the Firebag is an off-shoot of the Assiniboia system, with flow 

from south to north. Second, maps 3 and 6 show the Firebag Tributary detached from 

the Assiniboia Valley and that Tributary 4 drained the Canadian Shield. In the Tributary 4 

scenario, Firebag Tributary may have comprised two separate drainages, and flow was 

from east to west. Finally maps 4 and 7 indicate no tributary network extending eastward 

in the vicinity of 85-24W3.  

 

3.4. Interpretation of Paleodrainage Patterns and Evolution 
on the Eastern Flank of McMurray Sub-Basin 

 As previous studies have identified, observations made in one area of the system 

relate to the size and scale of other parts of the system (Somme et al., 2009; 

Bhattacharya et al., 2016). Point bars and channel deposits found in large-scale fluvio-

tidal systems like those in Assiniboia Valley can be used to predict paleodischarge of the 

system (Somme et al., 2009; Musial et al., 2012; Blum et al., 2013). Previous subsurface 

investigations identified channels ranging in thickness from 12–60 m with widths ranging 

from 500–700 m (Hubbard et al., 2013; Labreque et al., 2011; Musial et al., 2012; Blum 
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et al., 2013; Nardin et al., 2013). This indicates Assiniboia Valley collected sediment, 

potentially, from a catchment basin exceeding 1 x 106 km2, and delivered sediment 

through a trunk valley with length that ranged from 2 000–4 000 km. Interestingly, there 

should also be submarine-fan deposits north of McMurray Sub-Basin with an area of 

approximately 10 x 106 km2 (Somme et al., 2009; Bhattacharya et al., 2016; Blum and 

Jennings, 2016). It is probable that submarine fan deposits derived from the Assiniboia 

Valley drainage were removed during Pleistocene glaciation. The paleodischarge of the 

channel located in Assiniboia Valley is calculated to be approximately 15 000 m3 s-1, 

which is comparable to Mississippi River (18 000 m3 s-1), Parana River (16 800 m3 s-1), 

McKenzie River (10 700 m3 s-1), and Peace River (11 700 m3 s-1; Smith et al., 2009; 

Musial et al., 2012; Nardin et al., 2013; Bhattacharya et al., 2016).  

Two possibilities exist for the origin and nature of Choiceland Paleovalley, in 

which the McMurray Fm ranges from 60–90 m thick and comprises multiple channel 

complexes. The stacking of channel complexes and a paucity of seismic, dip-meter or 

core data makes it impossible to quantify paleodischarge of the river in Choiceland 

Paleovalley, so the nature of this drainage is based on trajectory of the paleovalley 

relative to Assiniboia Valley. Choiceland Paleovalley either represents a tributary 

draining a 10 000–100 000 km2 catchment basin or it represents an older, northern 

extension of Assiniboia Valley (Fig. 3.9). If Choiceland Paleovalley represents a smaller 

catchment, then channel-bar deposits would reach up to 15 m thick, and the fluvial 

system would extend up to 750 km (Somme et al., 2009; Blum et al., 2013; Blum and 

Jennings, 2016). Alternatively, Choiceland Paleovalley may preserve a previous axial 

position of the continental-scale drainage that most recently occupied Assiniboia Valley. 

In this case, the river shifted to the west as pre- and syn-depositional salt dissolution 

produced a paleolow west of Choiceland Paleovalley (Schneider et al., 2014; Stoakes et 

al., 2014), forcing the river to change course towards the topographic low (Fig. 3.9). 

The other two tributaries feeding into Assiniboia Valley, Buffalo River Paleovalley 

and Firebag Tributary, are probably an order of magnitude smaller in catchment area 

and flow volume than the continental-scale drainage in Assiniboia Valley. As well, these 

two tributaries supplied sediment exclusively from the Canadian Shield (Fig. 3.9). 

Thickness of McMurray Fm strata in Buffalo River Paleovalley also ranges in thickness 

from 60–90 m, including a region proximal to Assiniboia Valley that exceeds 90 m thick 

(77-25W3). The river occupying Buffalo River Paleovalley is interpreted to drain a 
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catchment basin area of approximately 10 000 km2 to 100 000 km2. A river of this size 

would produce sand bodies up to 15 m thick, and would have a river length up to 750 

km.  

The true thickness of Firebag Tributary is difficult to determine due to extensive 

erosion during Pleistocene glaciation. Thicknesses of Firebag Tributary increase to the 

west where more accommodation space is located. Isopach maps indicate there is a 

rapid decrease in thickness toward the east indicating a smaller drainage area when 

compared to Choiceland and Buffalo River paleovalleys. It is likely Firebag Tributary 

extended into Saskatchewan where it sourced sediment from Rae Province, Hearne 

Province, and extensive quartz arenite deposits of the Athabasca Group (Macdonald 

and Slimmon, 1999; Bosman and Ramaekers, 2015). Firebag Tributary has a preserved 

thickness up to 60 m or possibly greater, therefore it likely had a drainage area greater 

than 10 000 km2 making this a small to moderate drainage area (Fig. 3.8; Somme et al., 

2009; Blum et al., 2013). This scale of drainage is capable of producing channel-belt 

sand bodies up to 10 m thick in a migrating channel belt where stacking may have 

occurred creating a channel fill greater than 30 m (Somme et al., 2009; Blum et al., 

2013). The fluvial system likely extended between 100 km and 750 km eastward 

(Somme et al., 2009; Blum et al., 2013). These thicknesses and lengths are based on 

Somme et al., (2009) analysis of Quaternary deposits, and his conclusions on the 

scaling relationship between the size of the catchment basin and the rivers that transport 

sediment (Blum et al., 2013). 
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Chapter 4. Discussion and Conclusions   

 A detailed subsurface study was conducted on the Lower Cretaceous McMurray 

Fm with the intention of resolving the eastern flank of the McMurray Sub-Basin towards 

and beyond the unit’s subcrop edge. Part 1 of this study included core logging and 

geophysical wireline log interpretations and correlations. Core logging, mapping, and 

correlations were done to identify cross-section lines that could be used to project 

surfaces into sparsely drilled regions and beyond the subcrop edge of the McMurray Fm. 

Core logging was conducted in both Alberta and Saskatchewan to ensure consistent 

identification and correlation of surfaces that were used in projections. Stratigraphic 

surfaces were identified in core and correlated to wireline logs. Part 2 of the study 

involved projecting these surfaces to the east and beyond the McMurray subcrop edge. 

To do this, 23 cross sections and 165 hypothetical wells were defined, and structural 

elevations for the Top_Wabiskaw, Top_McMurray, and SCU were calculated along lines 

of section using both linear regression and exponential regression. From these tops, unit 

thicknesses were calculated at hypothetical well locations, and contour mapping was 

used to map the hypothetical depositional edge of the McMurray Fm.  

Linear regression was applied to all 23 cross sections, and indicated the 

McMurray subcrop edge was located further towards the east. Using linear regression, 

103 hypothetical wells were created to increase the number of data points in a region 

lacking well control. Discriminating linear regression data based on R2 resulted in two 

additional sets of data – alternate mapping method A and alternate mapping method B. 

Alternate mapping method A used cross sections with R2 values of one or two surfaces 

(Top_Wabiskaw, Top_McMurray and SCU) > 0.6. When alternate mapping method A 

was applied, data from three cross sections (M-M’, S-S’, and U-U’) was excluded, 

leading to only 20 cross sections with 92 hypothetical wells employed to create the 

linear-regressive map. Alternate mapping method B used cross sections with R2 values 

of all surfaces (Top_Wabiskaw, Top_McMurray and SCU) > 0.6. Applying alternate 

mapping method B to the linear regression approach resulted data from two additional 

cross sections (F-F’ and T-T’) excluded, such that only 18 cross sections and 82 

hypothetical wells were employed to create the map.       
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Exponential regression was applied to all 23 cross sections, with 21 sections 

indicating that the McMurray subcrop edge was located further toward the east. Two 

cross sections (K-K’ and U-U’) predicted the McMurray subcrop to reside in an area of 

known McMurray preservation before the end of the cross section. Correspondingly, 

data from those sections were not used for projecting surfaces eastward. Using 

exponential regression, 61 hypothetical wells were created to increase the number of 

data points in a region lacking well control. Discriminating exponential data based on R2 

(same as linear regression) resulted in two additional sets of exponential data – alternate 

mapping method A and alternate mapping method B. Data from two cross sections (M-

M’ and S-S’) were not used for alternate mapping method A, meaning that only 19 cross 

sections with 54 hypothetical wells were used to create the exponential regression map. 

Data from two additional cross sections (F-F’ and T-T’) were not used when applying 

mapping method B to exponential data, so that only 17 cross sections and 48 

hypothetical wells were used to create the resulting exponential regression map.       

In total, six different isopach maps were created using hypothetical well data. The 

first used all hypothetical wells derived from linear regression. The second used linear 

regression data refined using mapping method A, and utilized 92 of the original 103 

hypothetical wells. The third used linear regression data refined after mapping method B 

was applied, and yielded in 82 hypothetical wells. The fourth map was created using all 

61 wells generated using exponential regression. The fifth map employed mapping 

method A to refine the exponential regression data, resulting in 54 usable hypothetical 

wells of the 61 total. The sixth and final map used mapping method B to refine 

exponential regression well data, resulting in the use of 48 hypothetical wells.    

 Three objectives were outlined in this study, the first was determining the 

architecture of the eastern flank of the Assiniboia Valley; second was to determine if the 

Assiniboia Valley was situated east of the current position; finally, there was an attempt 

to determine if sediment from the Firebag Tributary system was sourced from the same 

regions compared with the Assiniboia. Methodology described in this thesis was utilized 

to answer these three questions. Conclusions to these questions are discussed below:   

1)  Objective 1: Determine the architecture of the eastern margin of the Assiniboia 

Valley. 
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Three paleovalleys are identified, which appear to have drained the Canadian 

Shield and debouched into the Assiniboia Valley within the McMurray Sub-Basin (see 

Section 3.3 for details). These include (from north-to-south) Firebag Tributary, Buffalo 

River Paleovalley, and Choiceland Paleovalley (Fig. 3.8). The extent of the drainage 

basins and architectures of these valleys are based on projections of surfaces to the 

east, and comparison of isopach maps based on hypothetical well data to previously 

published studies (e.g., Christopher 1997; Ranger and Pemberton 1997; Macdonald and 

Slimmon, 1999; Ranger 2006; Bauer et al., 2009; Kohlruss et al., 2013; Broughton, 

2015; Hauck et al., 2017). Figure 3.9 shows the expected extents of the various 

paleovalleys and the geological provinces in their source areas, it also shows the trend 

between salt dissolution and the orientation of Assiniboia Valley. Firebag Tributary 

extends east with head waters sourcing sediment from the Athabasca Basin, Rae and 

Hearne provinces. The catchment area of Firebag Tributary is considered small to 

moderate, encompassing an area of >10 000 km2, with a river system capable of 

producing sand bodies up to 10 m thick along a river 100 km to 750 km long (Somme et 

al., 2009; Blum et al., 2013). Buffalo River Paleovalley extends east toward the 

Canadian Shield likely sourcing sediment from the Hearn and Reindeer Provinces. The 

thickness of Buffalo River Paleovalley reaches 60–90 m, and likely had a moderately 

sized catchment basin covering between 10 000 km2 and 100 000 km2. The river in 

Buffalo River Paleovalley is interpreted as capable of producing sand bodies up to 15 m 

thick along a river extending up to 750 km east (Somme et al., 2009; Blum et al., 2013). 

Like Assiniboia Valley, Choiceland Paleovalley recycled previously deposited sediment 

from stratigraphically older units. Thickness of sediment in Choiceland Paleovalley is like 

Buffalo River Paleovalley, ranging from 60–90 m and indicating a catchment basin 

between 10 000 km2 and 100 000 km2. In this case the main tributary in Choiceland 

Paleovalley would extend up to 750 km southeast, and could deposit sand bodies up to 

15 m thick (Somme et al., 2009; Blum et al., 2013). Alternatively, Choiceland Paleovalley 

possibly represents a previous axial position of the continental scale drainage system 

(Fig. 3.9). In this case, the westward migration of salt dissolution created a paleo-low 

creating accommodation space and forcing the river to change course (Fig. 3.9; 

Schneider et al., 2014; Stoakes et al., 2014). These three drainage systems collected 

sediment from a large region of the Canadian Shield contributing significant amounts to 

the McMurray Sub-Basin.  
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2)  Objective 2: Determine whether the axis of the Assiniboia Valley was situated 

further east. 

 The mapping technique employed in this study does not reveal thickening of the 

Assiniboia Valley to the east, and hence, the preserved deposits of the Assiniboia Valley 

are assumed to include the main axis of the valley. However, this conclusion cannot be 

conclusively supported as the methodology employed herein requires that the McMurray 

Fm decreases in thickness to the east along a line of section, and lines of section with 

no evidence of thinning were not included in this analysis. On all maps utilizing data from 

hypothetical wells, the confluence between the Buffalo River Paleovalley and the 

Assiniboia Valley lies near 76-24W3, indicating the northern location of Tributary 2 (83-

02W4) on the original map is possibly an off-shoot or previous axial location of 

Assiniboia Valley. The regional trend between Assiniboia Valley and the salt scarp 

indicates that deposition was influenced by salt dissolution not only in NE Alberta but 

central Saskatchewan as well (Broughton, 2015). With salt dissolution occurring pre- 

syn- and post- depositionally, there is a possibility that migration of the salt scarp forced 

the relocation of the continental-scale paleodrainage from Choiceland to Assiniboia 

Valley. Based on this work, it appears that Assiniboia Valley was not substantially wider 

than it is presently mapped, although the drainage network developed along the eastern 

flank of the paleovalley was considerably more complex than previously determined. As 

well, mapping revealed the Buffalo River paleovalley exists between the Choiceland 

Paleovalley in the south and the Firebag Tributary in the north. 

3)  Objective 3: An attempt to determine whether the Firebag Tributary received 

sediment from the same regions as Assiniboia Valley.   

Four isopach maps based on linear-regression derived and exponential-

regression derived from hypothetical wells indicate there is no clear connection between 

Firebag Tributary and Assiniboia Valley. It can be concluded that the Firebag Tributary 

likely transported sediment derived from the Athabasca Basin, the Rae Province and the 

Hearne Province of the Canadian Shield. These sources are completely different than 

the source rock for Assiniboia Valley, which is thought to have sourced sediment through 

a combination of recycling previously deposited units and sourcing directly from the 

Appalachia region of southeast United States.   
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Future Work 

 This study shows a probable architecture for the eastern flank of the McMurray 

sub-Basin that comprises three tributary valleys or paleovalleys draining the Canadian 

Shield separated by highlands. Testing the existence and extent of these valleys through 

drilling would be ideal, but unrealistic due to the exorbitant costs associated with 

undertaking this purely scientific inquiry. Petrographic and detrital zircon analyses of 

rock samples from Assiniboia Valley and Firebag Tributary could be undertaken to refine 

drainage basin areas and determine connectivity of drainages across the Canadian 

Shield. A similar analysis of the Mesoproterozoic Athabasca Group in Saskatchewan 

would assist in establishing whether those sandstones and conglomerates served as a 

major source of sediment to the McMurray Sub-Basin.  

 Finally, several topographic features were defined on multiple maps employing 

hypothetical wells, but remain poorly defined (see Section 3.3 for details). These include 

Firebag Tributary, Buffalo River Paleovalley, and Choiceland Paleovalley. Additional 

mapping and well projections, coupled with seismic data could be used to better 

constrain the location of these features. A study utilizing this methodology could be 

employed along the western flank of Assiniboia Valley, where the subcrop edge is 

mapped and potentially determine how accurate the method is by projecting to wells that 

have data.  As more well data is made available east of the data limit (likely through 

drilling), cross-sections could be extended to include new well data, modifying 

interpretations put forth in this thesis. If more wells are drilled, the comparison of real 

data to hypothetical well data would indicate the legitimacy of the methodology used in 

this study.  
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Appendix A.   
 
Core Logs  
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Figure A1: 111/13-01-052-27W3 core log. 
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Figure A2: 131/09-23-052-25W3 core log. 
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Figure A3: 13-19-052-23W3 core log. 
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A4:11-29-054-27W3 core log. 



100 

 



101 

 



102 

 

Figure A5: 111/07-03-054-25W3 core log. 
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Figure A6: 100/07-10-056-01W4 core log. 
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Figure A7: 122/11-09-056-27W3 core log. 
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Figure A8: 102/10-18-063-02W4 core log. 
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Figure A9: 100/05-36-066-02W4 core log. 
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Figure A10: Core log of 100/04-16-071-03W4. 
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Figure A11: 1AA/15-09-071-03W4 core log. 
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Figure A12: 100/05-21-074-04W4 core log. 
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Figure A13: 1AA-04-16-076-04W4 core log. 
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Figure A14: 100/11-27-081-04W4 core log. 
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Figure A15: 131/15-33-093-25W3 core log. 
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Figure A16: 1AA/09-19-094-01W4 core log. 
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Figure A17: 121/ 05-29-094-25W3 core log. 
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Figure A18: 131/08-32-094-25W3 core log. 
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Figure A19: 101/13-16-094-25W3 core log. 
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Figure A20: 131/15-30-094-24W3 core log.  
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Figure A21: 111/08-02-095-25W3 core log. 
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Figure A22: 131/15-28-095-25W3 core log. 
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Figure A23: 141/01-28-095-24W3 core log. 
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Figure A24: 1AA/10-19-096-02W4 core log.  
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Figure A25: 1AA/10-21-096-02W4 core log. 
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Appendix B.   
 
Wells used in cross sections A-W  
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Table B1: Cross sections A-F 
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Table B2: Cross sections G-L 
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Table B3: Cross sections M-R 
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Table B4: Cross sections S-W 
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Appendix C.   
 
Hypothetical Well Data  
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Table C1:  Hypothetical well data derived from linear regression for cross 
sections A-F 
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Table C2:  Hypothetical well data derived from linear regression for cross 
sections G-L 
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Table C3:  Hypothetical well data derived from linear regression for cross 
sections M-R 
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Table C4:  Hypothetical well data derived from linear regression for cross 
sections S-W 
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Table C5:  Hypothetical well data derived from exponential regression for cross 
sections A-J 
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Table C6:  Hypothetical well data derived from exponential regression for cross 
sections L-S 
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Table C7:  Hypothetical well data derived from exponential regression for cross 
sections T-W 

 


