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Abstract 

The late Albian Viking Formation was deposited in a foreland basin depositional setting 

in the Western Canadian Sedimentary Basin. The Viking Formation is currently defined 

on the basis of lithostratigraphic and allostratigraphic nomenclature. Both models reside 

at too broad of a hierarchal scale to facilitate within-field correlations, resulting in an over 

generalized framework for a significant hydrocarbon producing unit in Alberta. 

This study proposes a sequence stratigraphic framework for the Viking Formation that 

utilizes the 4-systems tract nomenclature for the deposits in central Alberta. A high-

resolution approach to mapping facies distributions that comprise systems tracts has 

been undertaken in order to create a regionally consistent model. The result of this work 

is the identification of four sequences of Viking deposition, with the majority of the work 

focusing on Sequence 2 due to is stratigraphic and structural complexities. 

The Viking Formation is mapped at two hierarchal levels that are independent of the 

scale of study. Low-frequency genetic stratigraphic sequences and high-frequency 

genetic stratigraphic sequences are both documented in the study area, with the higher-

frequency expressions forming the overall stacking patterns of the lower-frequency 

expressions. By mapping at such a resolution, it was possible to discern two unique 

stratigraphic architectures preserved in the Viking: i) over-thickened units related to 

tectonic activity; and ii) coeval deposition of transgressive and regressive units. This 

thesis discusses the integral role that tectonic activity had on the architecture of the 

systems tracts deposited during Viking time. Only by recognizing the effect that tectonic 

activity had on deposition can one accurately map the orientation and distribution of 

systems tracts in the Viking Formation. 

 

Keywords:  Sequence stratigraphy; Viking Formation; coeval deposition; Late Albian; 

Snowbird Tectonic Zone; lowstand 
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Chapter 1.  
 
Introduction 

1.1. Overview 

This thesis focuses on resolving some of the complex stratigraphic relationships 

encountered in the Viking Formation of central Alberta. The framework is based on 

Depositional Sequence IV nomenclature (see Catuneanu, 2006; Catuneanu et al., 

2011), and the Viking deposits are assigned to four systems tract types (falling-stage, 

lowstand, transgressive and highstand) contained within four discrete sequences of 

Viking deposition.  

The Viking Formation is a prolific hydrocarbon producing unit in Alberta, and as a 

result significant research has been completed on the formation (e.g., Slipper, 1918; 

Hunt, 1954; Stelck, 1958; Boreen and Walker, 1991; Pattison, 1991; Raychaudhuri et al., 

1992; Pattison and Walker, 1994; Reynolds et al., 1994; MacEachern et al., 1998). As 

conventional reservoirs become more challenging to find, high-resolutions sequence 

stratigraphic models become useful tools to predict the orientation and distribution of 

systems tracts in the subsurface, each of which contain unique reservoir properties. An 

integrated approach that identifies and includes allogenic and autogenic controls into a 

model has been utilized in this study, allowing for stratigraphically complex areas to be 

incorporated into the model.  

The Viking in central Alberta preserves four sequences of deposition (Sequences 

1–4), and each sequence has been interpreted using the 4-systems tract nomenclature 

outlined by Catuneanu et al. (2011). The main focus of this analysis is Sequence 2, as it 

contains the most stratigraphically complex deposits in the study area.  Sequence 2 ties 

into the PhD thesis study areas of Pattison (1991) and MacEachern (1994), and helps to 

place those deposits into this dissertation’s regional sequence stratigraphic framework. 

The results from this thesis are used to further the understanding of the 

stratigraphy of the Viking Formation in a structurally complex area. The thesis is 

organized into three main chapters (Chapters 2–4), each with specific results. The first 
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result is the observation that the Viking Formation has undergone periods of syn-

depositional tectonic reactivation during the deposition of Sequence 2. By using a 

sequence stratigraphic approach to mapping, it is possible to identify the relative timing 

of syn-depositional reactivation based on the over-thickening of systems tracts. The 

second major contribution of this study is the observation that the Viking preserves the 

coeval deposition of highstand normal regressive and transgressive deposits that 

accumulated concurrently in the subsurface. In order to trace the maximum flooding 

surface that separates the highstand from the transgressive systems tract, a new 

method of correlation depicting the maximum flooding surface as a stepped horizon is 

proposed. The third main contribution of this research is the regional sequence 

stratigraphic framework for the Viking Formation in central Alberta using the 4-systems 

tract nomenclature. This model incorporates the results from syn-depositional tectonism 

and coeval deposition of highstand and transgressive systems tracts deposits to create a 

high-resolution model. In this model, four sequences of Viking deposition are identified 

and mapped throughout the basin. The publication of this model will allow future studies 

to place new or small producing fields into a regional stratigraphic context. 

1.2. Study Area and Methods 

Subsurface analysis of the Viking Formation was initially proposed for the falling 

stage and lowstand deposits of the second sequence, which occur along strike of the 

Judy Creek - Joarcam paleoshoreline trend. The Joarcam Field lies approximately 25 

kilometres southeast of Edmonton, Alberta and encompasses the area between 

Townships 46–51 and Ranges 19–22W4. The Joarcam Field is mapped as a continuous 

sand body that trends along strike from northwest to southeast through the study area. 

The deposits at Judy Creek were logged previously by Dr. James MacEachern 

(unpublished data). 

Following the initial study of the lowstand paleoshoreline trend, it was determined 

that the study area was more complex than previously thought, resulting in its 

expansion. In order to understand sedimentation patterns and the evolution of the 

system, valley incision events that occurred at the Sundance-Edson and Crystal fields 

needed to be incorporated into the model. The extent of the study area polygon (Fig. 

1.1) extends from the Crystal Field (SW; 53.12°N, 114.33°W) down depositional dip to 

the Joarcam Field (SE; 53.4°N, 113.05°W), as well as along depositional strike to the 
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Sundance-Edson Field (NW; 53.69°N, 116.78°W), and down depositional dip from 

Sundance-Edson to the Judy Creek Field (NE; 54.45°N, 115.65°W). 

 

Figure 1.1  Study map (modified from Pattison, 1991). The extent of the current 
study is outlined by the black lines. 

Wells that contain cored intervals through the Viking succession have been 

logged in order to identify key stratigraphic surfaces. Approximately 210 cores were 

described to provide a detailed account of the sedimentology, ichnology, and key 

stratigraphic surfaces (Fig. 1.2). This information was used to create an integrated 

sedimentologic-ichnologic facies model for the deposits. Cores that were logged in 

previous studies by Dr. MacEachern (unpublished data) were incorporated into the 

study. As well, facies descriptions for the incised valley fields were utilized from previous 

studies in order to provide a more complete assessment of the depositional 
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environments for the Viking (e.g., Pattison, 1991; MacEachern and Pemberton, 1994; 

Pattison and Walker, 1994, 1998). 

 

Figure 1.2  Map of the distribution of core logged for the study. UWI locations 
are provided in Appendix A. 

The recognition of internal discontinuities within cores (and their correlation to 

well logs) is integral to developing a sequence stratigraphic framework for the various 

lowstands of the Viking, employing the four-systems tract framework (see Catuneanu, 

2006; Catuneanu et al., 2011; Catuneanu, 2019a, b). Approximately 10,000 wireline logs 

are available in the study area, with 1200 used in the development of the 

depositional/stratigraphic framework (Fig. 1.3). The correlation of key features and 

surfaces from cores to geophysical well logs was integral to the study. Additionally, 

defining ichnofacies, bioturbation indices, and ichnological diversities from the core data 

were essential in recognizing various physico-chemical stresses that were imposed by 

the depositional environments, and helped establish facies criteria for their recognition. 
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Figure 1.3  The distribution of wells that were used to build the stratigraphic 
framework. 

1.3. Regional Stratigraphy of the Western Canadian 
Sedimentary Basin 

The regional stratigraphy that is currently accepted for the Western Canadian 

Sedimentary Basin follows a lithostratigraphic approach to the mapping of units. This 

approach simplifies the stratigraphic relationships, and is the nomenclature used when 

determining resource rights for the petroleum industry. The age-equivalent formations 

and groups follow the naming conventions that are documented in the Alberta Table of 

Formations (Alberta Geological Survey, 2019). 

1.3.1. Joli Fou Formation 

The Joli Fou Formation consists of shale to silty shale-dominated units that are 

observed to unconformably overlie the Mannville Group. The formation was initially 
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referred to as the ‘Joli Fou shales’, until it was designated formation status by Stelck 

(1958). The thickness of this unit is variable in the subsurface, reaching a maximum of 

35 m (Leckie and Reinson, 1993). In the study area, the Joli Fou comprises thin, 

coarsening-upward cycles of shale to silty mudstone. and ranges from 0–10 m in 

thickness. 

Roughly age-equivalent strata in the basin include the Paddy Member (NW 

Alberta), the Basal Colorado Sand (S Alberta), the Crowsnest Volcanics and Mill Creek 

Group (Southern Foothills), and the Boulder Creek Formation (Northern Foothills) 

(Alberta Geological Survey, 2019). The Joli Fou represents the most distal depositional 

extents during the mid- to late Albian, while the Boulder Creek and Mill Creek represent 

the proximal expressions of this formation. The Joli Fou is observed to thin westward 

towards the outcrop belt in the Rocky Mountains, until it grades laterally with the Boulder 

Creek Formation (Tizzard and Lerbekmo, 1975; Leckie and Reinson, 1993). In order to 

understand the sequence stratigraphic evolution of the Joli Fou, correlations would have 

to extend from central Alberta to the foothills and to outcrop belts of the Rocky 

Mountains. 

1.3.2. Viking Formation 

The “Viking” was first informally defined in central Alberta in a study of the Viking-

Kinsella gas field by Slipper (1918). Initial analyses of the Viking focused on a 

lithostratigraphic approach, bounding relatively sandstone-rich intervals between 

underlying marine shale (Joli Fou Fm) and overlying marine shale units (unnamed 

Colorado Shale; now the Westgate Fm) (Stelck, 1958). The Viking was placed within the 

Colorado Group by Hunt (1954), and was elevated to formation status by Stelck (1958). 

Roughly age-equivalent strata in the Western Canadian Sedimentary Basin are regarded 

to include the Paddy Member of the Peace River Formation in northwest Alberta, the 

Pelican Formation in northern Alberta, and the Bow Island Formation in southern Alberta 

(Fig. 1.3) (Reinson et al., 1994). Formal nomenclature for the Colorado Group was put 

forward by Bloch et al. (1993), leading to the unnamed Colorado Shales, which cap the 

Viking and extend to the Fish Scales Marker, being formally designated as the Westgate 

Formation.  Since then, Roca et al. (2008) have proposed a regional allostratigraphic 

framework for Albian strata across the Western Canada Sedimentary Basin. 
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Figure 1.4  Lithostratigraphic column of the age-equivalent units of Aptian and 
Albian formations (Schultz et al., 2020 modified from the Alberta 
Geological Survery, 2019). 

Stratigraphic discontinuities within the Viking Formation mark the evolution of the 

paleoshoreline positions throughout the late Albian. In regions where the Viking was 

deposited in a low-accommodation setting, the discontinuities become internally 

complex, with many manifested as coplanar and amalgamated horizons. To date, the 

formation has been described as encompassing a range of depositional environments, 

including shorefaces (Power, 1988; Pemberton et al., 1992; Raychaudhuri et al., 1992; 

MacEachern et al., 1999a), estuarine valley complexes (Reinson, 1985; Pattison, 1991; 

Boreen and Walker, 1991; Pemberton et al., 1992; MacEachern and Pemberton, 1994; 

Pattison and Walker, 1994, 1998), and deltaic complexes (Coates and MacEachern, 

2007; Dafoe et al., 2010; Dafoe and Pemberton, 2012; Schultz et al., 2020). Prior to the 

1980s, it was thought that the Viking Formation was primarily composed of long, thin, 

linear sand bodies that followed northwest to southeast shoreline orientations (Reinson 

et al., 1994). It was not until the mid-1980's that the Viking Formation was interpreted to 

contain several internal unconformities, attesting to its complex erosional and 

depositional history.  Estuarine incised valley-fill deposits were not recognized until 

1978, with the discovery of the Crystal Field (Reinson, 1985). This discovery led to the 

establishment of facies characteristics that facilitated the recognition of similar deposits 

at other fields (e.g., Cyn-Pem, Sundance-Edson, and Willesden Green; see Pattison, 
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1991; Boreen and Walker, 1991; MacEachern and Pemberton, 1994; Pattison and 

Walker, 1998). 

1.3.3. Westgate Formation 

The Westgate Formation was first defined as the shale unit that occurred above 

the Newcastle Formation and below the Belle Fourche Member in Manitoba and 

Saskatchewan (McNeil and Caldwell, 1981). In Alberta, it was first informally referred to 

as the ‘Colorado Shale’ or the unnamed shale of the Colorado Group, until it was 

elevated to formation status by Bloch et al. (1993). The Westgate Formation consists of 

marine shale and silty mudstone containing a minor amount of interbedded very fine-

grained sandstone. In the study area, the Westgate was deposited in shelfal to proximal 

offshore and prodeltaic environments. 

The Westgate Formation is overlain by the Fish Scales Zone, a marker that is 

approximately 1–2 m thick and delineates the Albian/Cenomanian boundary (i.e., 

Lower/Upper Cretaceous) (Leckie et al., 1994). The Fish Scales Zone Formation 

contains an abundance of fish scales and skeletal remains in a silt to sand matrix. 

Locally, the unit may contain phosphite or pebbles (Leckie et al., 1994). This marker is 

an easily identifiable geophysical marker on well logs and is commonly utilized as a 

datum for stratigraphic correlations. 

1.4. Sequence Stratigraphic Approach 

Sequence stratigraphy describes the relationship and distribution of stratal 

stacking patterns of sedimentary bodies that are genetically related and conformable at 

any temporal or spatial range (Catuneanu et al., 2011). The initial model erected by 

Exxon scientists (e.g., Vail, 1987; Posamentier et al., 1988) detailed a 3-systems tract 

model that comprised the highstand systems tract, lowstand systems tract, and 

transgressive systems tract. The systems tracts were utilized in seismic sections to map 

surfaces that showed offlaping, downlapping, and onlapping stratal stacking patterns. 

The 3 systems tracts were defined and correlated to a global eustasy curve that related 

changes in stratal stacking patterns to fluctuations in global sea level (Vail et al., 1977; 

Haq et al., 1987). This sea level curve was later replaced with a relative sea-level curve 

that integrated the concepts of tectonism, accommodation space, and sediment supply 
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as mechanisms for the changes observed in stratal arrangements (Hunt and Tucker, 

1992). 

One of the sequence stratigraphic frameworks that is currently accepted by the 

International Stratigraphic Commission is the 4-systems tract model (Depositional 

Sequence IV), which adds the falling-stage systems tract generated during forced 

regression (sensu Catuneanu et al., 2011) with the previous 3 named systems tracts. 

Stratal stacking patterns in this model are related to changes in accommodation space 

and sediment supply that are controlled by changes in base-level (Fig. 1.4). This model 

includes allogenic (eustasy, tectonics, climate, etc.) and autogenic (delta lobe switching, 

laterally restricted storm scour surfaces, channel avulsion, etc.) controls that induce 

changes in the stacking pattern of sequences (Catuneanu et al., 2011). 

Sequence stratigraphy uses genetic stratigraphic surfaces as allogenic bounding 

discontinuities for the systems tracts. The 4-systems tracts that are employed in the 

current model are described below (see Hunt and Tucker 1992; Catuneanu 2006; 

Catuneanu et al. 2011): 

i. Highstand Systems Tract (HST): is produced during normal (progradational) 

regression during base-level rise when sedimentation rates exceed the rate of 

accommodation space creation, generating progradational or aggradational stacking 

patterns. The HST may be constrained between a maximum flooding surface (MFS) 

upon which it downlaps, and an overlying surface that may be a sequence boundary 

(e.g., subaerial unconformity (SU), or coplanar wave ravinement / subaerial unconformity 

(WRS/SU)). 
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Figure 1.5  Schematic of the 4-systems tract model (modified afterMacEachern 
et al., 2012b). 

ii. Falling Stage Systems Tract (FSST): is produced during forced regression, when 

sediment supply is much greater than the available accommodation space (negative 

accommodation), causing the shoreline to prograde and downstep from its previous 

landward position. In coastal positions, fluvial incision, sediment bypass, and 

pedogenesis occur as a result of the lowering of base-level. The falling stage deposits 

are constrained between a basal RSME or BSFR (sensu Hunt and Tucker, 1992), and 

are capped by the SU (which may be co-planar with the WRS in some cases) or the 

correlative conformity (CC) to the SU. 

iii. Lowstand Systems Tract (LST): is produced during base-level stability at a low 

position or during early stages of base-level rise, and is typically marked by the transition 

from forced regression to normal regression at the shoreline. Accommodation space is 

generally limited due to lowstand conditions, but increases progressively during the slow 

rise in base-level. The stratal stacking patterns are dominated by progradation and 

HST 

HST 

HST 

TST: Transgressively Incised Shoreface 
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aggradation at the lowstand position. The LST is constrained at its base by the CC in 

seaward (subaqueous) positions or the SU in continental positions, and at its top by the 

maximum regressive surface (MRS), which may be transgressively modified by the 

WRS. 

iv. Transgressive Systems Tract (TST): is produced during a rise in base-level that 

marks the transition from normal regression to transgression (shoreline retreat). This 

occurs when sediment supply is outpaced by increasing accommodation space. This 

systems tract can be recognized by retrogradational stacking patterns and/or fining-

upwards successions in coastal and marine settings. The TST is bounded by the MRS at 

the base (which may also correspond to the WRS or TS), and by the MFS at the top. 

1.5. Previous Viking Work 

The Viking Formation was initially studied using a lithostratigraphic approach 

(Slipper, 1918; Hunt, 1954; Stelck, 1958). Subsequent models attempted to map the 

Viking using a geochemical approach (e.g., Tizzard and Lerbekmo, 1975; Amajor and 

Lerbekmo, 1980) and an allostratigraphic approach, in order to understand the 

distribution of reservoir units (e.g., Pattison, 1991; Roca et al., 2008). The first regional 

sequence stratigraphic framework to be proposed for the Viking Formation are the 

results of this dissertation (Schultz et al., 2019; 2020; in prep). 

1.5.1. University of Alberta – Geochemical Approach 

One of the earlier regional studies on the Viking was by Dr. J. Lerbekmo and his 

graduate students at the University of Alberta. These studies centered on a 

petrophysical analysis, in which bentonite (altered volcanic ash) beds were correlated to 

geophysical well-log responses (e.g., Tizzard and Lerbekmo, 1975; Amajor and 

Lerbekmo, 1980). These studies attributed the Viking to tidally modulated settings, with 

depositional environments ranging from tidal creeks, tidal flats, shorefaces, and tide-

dominated deltas (Tizzard and Lerbekmo, 1975; Amajor and Lerbekmo, 1980, 1990). 

Mineralogical compositions were sampled from the different bentonite beds throughout 

central and south-central Alberta to determine whether the ashes were derived from the 

same volcanic eruption. Once the geochemistry was established, regional correlations 
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using the bentonite beds as datums and key marker beds were constructed (Amajor and 

Lerbekmo, 1990).  

The work done by Tizzard and Lerbekmo (1975) and Amajor and Lerbekmo 

(1980) was a reasonable initial attempt for age-constraining correlations and bentonite 

compositions; however, several problems become apparent when attempting to 

correlate intervals using the bentonite beds. Most bentonite beds do not extend 

throughout the entire basin and likely represent separate volcanic events, evident by 

multiple beds being preserved at different stratigraphic levels in core. Geochemically 

constraining bentonite compositions would have to be done from all Viking age-

equivalent strata in order to understand the geographic extents of each eruption. 

Bentonite horizons are also commonly admixed within sandy deposits and are either 

overlooked during core logging or cannot be easily sampled for a geochemical study. As 

well, thinly bedded bentonites commonly do not yield a distinct geophysical well log 

response (e.g., high API on gamma ray and high density/neutron logs), and so for 

regional correlations that only utilize well log data, it is difficult to accurately identify 

these layers. 

1.5.2. McMaster University – Allostratigraphy 

In the 1990s, the graduate students of Dr. Roger Walker at McMaster University 

undertook an extensive allostratigraphic study to map the Viking Formation. This 

NSERC Strategic Grant-funded study built the foundation for the early genetic 

stratigraphic framework of the Viking. The resulting allostratigraphic framework was 

ultimately interpreted using the 3-systems tract sequence stratigraphic model 

nomenclature to aid in correlations between the various fields within the basin.  The 

research group identified 5 allomembers bounded by presumed regionally extensive 

discontinuities (Fig. 1.5) (e.g., Power, 1988; Boreen and Walker, 1991; Pattison, 1991; 

Wiseman, 1994; Walker and Wiseman, 1995; Burton and Walker, 1999).  A few studies 

attempted to relate the observed facies changes using a sequence stratigraphic 

approach, assigning stratigraphic bodies to the relative rise and fall of sea level using the 

3-systems tract model (e.g., Power, 1988; Pattison, 1991; Leckie and Reinson, 1993; 

Posamentier and Chamberlain, 1993). Allomember C, corresponding to the second 

sequence of Viking deposition in this dissertation, is linked to major valley incision at the 
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Crystal Field and places the lowstand position of the paleoshoreline along the Judy 

Creek – Joarcam trend. 

The issue with the 3-systems tract nomenclature is the way in which lowstand 

and transgressive shorefaces were classified. The lowstand shoreface is the most distal 

expression of sediment progradation into the basin. Should an additional shoreface/delta 

be found in a location basinward of the interpreted lowstand position, then the putative 

‘lowstand shoreface’ would be reclassified as a transgressively incised shoreface. On 

this basis, Walker and Wiseman (1995) re-interpreted the Joarcam Field to be 

transgressively incised, owing to the discovery of a sharp-based Viking shoreface 

encountered at Beaverhill Lake, a position approximately 40 km basinward of the 

Joarcam shoreline. In this study, the deposits at Joarcam have been reclassified as a 

forced regressive asymmetric delta belonging to Sequence 3 on the basis of its stratal 

stacking patterns and facies characteristics. 

 

Figure 1.6  Comparison of the stratigraphic models proposed for the Viking 
Formation. The lithostratigraphic column was proposed by Hunt 
(1954) and Stelck (1958). The model proposed for the current study 
is shown on the far right of the diagram (modified from Schultz et al., 
2020). 
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1.5.3. University of Western Ontario – Allostratigraphy  

More recently, regional allostratigraphic models have been proposed by graduate 

students of Dr. Guy Plint out of the University of Western Ontario. Roca et al. (2008) 

refines the original nomenclature proposed by the McMaster University frameworks. This 

regional allostratigraphic framework is rather broad in its resolution, in which Albian 

strata are correlated from northern Alberta and northeastern British Columbia (Paddy 

Member and Hasler Shale) through central Alberta (Viking Fm) to southern Alberta (Bow 

Island Fm), northeastern Alberta (Pelican Member), and Saskatchewan (Viking Fm) (Fig. 

1.3). Each Albian stratigraphic unit has its own allostratigraphic nomenclature, but 

correlations from the model proposed by the group at UWO show their interpretations of 

the spatial relationships between the regional discontinuities. These studies were a 

collaboration of multiple masters and doctoral theses, which were synthesized into a 

single regional study (Roca et al., 2008), in order to identify and map the extent of the 

main discontinuities. This continuing UWO work provides a broad stratigraphic 

framework between fields, but more detailed correlations of these areas at a high-

resolution scale have not been published to date. 

This updated allostratigraphic framework for the Viking in central Alberta (Roca et 

al., 2008) has a few problematic issues inherent to the approach and resulting 

stratigraphic model. The main issue surrounding the use of allostratigraphic frameworks 

in the Viking is that it relies on the widespread identification and correlation of 

discontinuities, commonly independent of an assessment of the facies juxtaposed 

across them.  In proximal positions, many surfaces are easily identifiable on well logs 

and in core. However, as a discontinuity shifts toward a gradational or subtle expression, 

a common situation for correlations carried basinward, such surfaces can no longer be 

reliably correlated and their well log expressions change markedly, restricting how far a 

model can be built in a basin. The Roca et al. (2008) study area is largely restricted 

along the western margin of the WCSB, with their framework centering around well log 

expressions in more proximal fields (e.g., Caroline, Chigwell, and Joffre; Fig. 1.1). The 

framework does not extend as far east as Joarcam, excluding many important 

hydrocarbon fields from the stratigraphic model. In order to understand the evolution of 

the basin, fields that reside at the most distal limits of deposition for each 

allostratigraphic unit must be incorporated.  
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Furthermore, the refinement of the McMaster nomenclature has led to some 

significant changes in the framework. The basal discontinuity that was previously named 

‘VE1’ (Boreen and Walker, 1991) has been renamed as ‘VE0’ in the Roca et al. (2008) 

framework. In the Boreen and Walker (1991) model, the “regional” Viking was contained 

within allomembers A and B. Allomember A has now been assigned to the Joli Fou 

allomembers, and Allomember B has been renamed ‘VA’, one of the earliest cycles of 

Viking deposition. Roca et al. (2008) also suggests that Allomember C is only observed 

as isolated incised valley fills, which implies that they recognize no corresponding forced 

regressive or lowstand deposits genetically linked to Allomember C, despite the 

necessary base-level fall, sediment bypass, and sediment delivery to the basin such 

valley incision entails. Rather, Allomember C of the Boreen and Walker (1991) model 

does not merely accommodate the incised valley fills at fields like Crystal and Willesden 

Green. It also contains progradational successions that can be observed as forced 

regressive and lowstand shorelines preserved at the Judy Creek and Joarcam fields. 

Had the UWO stratigraphic model been able to expand its correlations into these 

basinward fields, it would have been apparent that Allomember C (corresponding to 

Sequence 2 of this study) is regionally extensive. An unpublished MSc thesis included a 

‘VEM’ horizon between the VE1 and VE3 horizon (Morrow, 2017). This horizon does not 

correspond to VE2 of Boreen and Walker (1991), as the VE2 surface has been “retired” 

by the Roca et al. (2008) model. Instead, the ‘VEM’ surface divides the VB allomembers 

into two sub-allomembers in an attempt to incorporate Allomember C deposits 

recognized by Boreen and Walker (1991) into the UWO model. Correspondingly, the 

Roca et al. (2008) model recognizes only 3 sequences of Viking deposition, which are 

broadly equivalent to Allomembers B, C and D of Boreen and Walker (1991). The 

McMaster model proposed 4 sequences of deposition, which is supported by the 

observations made in this study. 

1.5.4. University of Alberta – Sequence Stratigraphy and Ichnology 

Studies from the University of Alberta (Dr. George Pemberton) and Simon Fraser 

University (Dr. James MacEachern) evaluate the Viking Formation using a combined 

allostratigraphic and sequence stratigraphic approach.  The more recent work out of 

SFU employs the updated four systems tract sequence stratigraphic nomenclature of 

Depositional Sequence IV. The goal of this research was to define criteria for identifying 
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stratigraphic surfaces by integrating sedimentology, micropaleontology, and ichnology 

(MacEachern et al., 1998; MacEachern et al. 1999a, b; MacEachern et al., 2007; Dafoe 

et al., 2010; Borchert, 2018; Schultz et al., 2019, 2020; Díaz, 2020). Another outcome of 

this research was the creation of integrated ichnological-sedimentological facies models 

that can be used to refine depositional interpretations of facies associations. Trace-fossil 

distributions in the rock record are facies controlled, reflecting the various ethologies of 

the organisms that colonize the substrates (Pemberton et al., 1992; MacEachern et al., 

2007; 2010; see Buatois and Mángano, 2011 and MacEachern et al., 2012a for 

summaries). The distribution of organisms is affected by physico-chemical stresses, 

such as fluctuations in energy, salinity, substrate consistency, sediment caliber, food 

resources, water turbidity, and oxygenation. These lead to deviations in trace 

assemblages from archetypal suites in the rock record (MacEachern et al., 2007; 

Dashtgard et al. 2015; Dashtgard and MacEachern, 2016; MacEachern and Bann, 

2020). Many previous Viking studies had overlooked the significance of ichnology, 

including the use of substrate-controlled trace-fossil omission suites to delineate 

stratigraphic surfaces. Notable exceptions include MacEachern et al., (1992), 

Raychaudhuri et al., (1992), MacEachern et al., (1998, 1999b), Dafoe et al., (2010), and 

MacEachern et al., (2012b).  

1.6. Organization of Thesis 

This thesis is presented in a paper-based format. The following three chapters 

(Chapters 2–4) represent versions of papers that have been published or have been 

submitted for peer review. Each chapter builds upon the observations of the previous 

chapter in order to provide context on the allogenic controls and autogenic processes 

that were active during Viking deposition. By highlighting the complexities in the 

orientations and distribution of systems tracts, a more refined sequence stratigraphic 

model is presented in the Chapter 4. The following is a summary of the main concepts 

presented in each chapter. 

Chapter 2 introduces the importance of recognizing the role that tectonic activity 

has on the orientation and distribution of systems tracts. This study focuses on a 

lowstand paleoshoreline trend extending along strike between two hydrocarbon-

producing fields: Joarcam and Judy Creek, which lies 250 km NW. The Viking Formation 

in these fields records depositional thicknesses ranging from 20 to 30 m. Between these 
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two fields, however, the formation is anomalously thick (45–60 m), complicating the 

recognition and correlation of key stratigraphic surfaces. Marine flooding surfaces above 

and below the Viking Formation are routinely employed as stratigraphic datums in order 

to remove post-depositional deformation and facilitate the development of a sequence 

stratigraphic framework. However, as each successive surface is employed as the 

datum, the other flooding surfaces within the formation become distorted, resulting in 

unrealistic depositional geometries. These geometries are best explained to be the result 

of structural readjustments during Viking deposition. The Precambrian lithosphere of the 

Canadian Shield forms the Western Canada Sedimentary Basin basement, with major 

structures that were previously mapped using gravity and magnetic anomaly studies. 

Locally, the increased accommodation observed within the Viking Formation of central 

Alberta is attributed to differential reactivation of Paleoproterozoic Snowbird Tectonic 

Zone basement structures, which flank the areas of anomalously thick Viking 

stratigraphy and trend approximately normal to the regional strike of the Western 

Canada Sedimentary Basin. The Snowbird Tectonic Zone faults are interpreted to have 

been reactivated during renewed tectonic loading in the southern Canadian Cordillera 

during Aptian–Albian time, causing subtle readjustments along basement faults that 

caused variable syndepositional subsidence. By selecting successive datums, the gross 

Viking interval can be recognized to have accumulated prior to, during, and following 

structural reactivation. 

Chapter 3 discusses the coeval deposition of transgressive and regressive 

deposits in a structurally controlled area of the Viking Formation. Variability in 

accommodation space and sedimentation rates within a basin generates significant 

deviations in the along-strike stratal stacking patterns of systems tracts. This variability 

can lead to coeval depositional units that record the juxtaposition of transgressive 

(retrogradational) and regressive (progradational) stratal stacking patterns. In scenarios 

where transgressive and regressive units are deposited concurrently, challenges arise 

when attempting to correlate depositional units and place systems tracts into a sequence 

stratigraphic framework. In these scenarios, the maximum flooding surface records a 

high degree of diachroneity, with the position of the surface variable throughout the 

stratigraphic column. In this study, Viking Formation (late Albian) deposits in the Western 

Canada Sedimentary Basin, central Alberta, Canada preserve significant along-strike 

variability of paleoshorelines that developed in response to autogenic processes as well 
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as allogenic controls that were active during deposition. Specifically, structural 

reactivation of Precambrian basement structures during Viking deposition led to 

significant variability in depositional environments along the paleoshoreline. The 

incremental basement reactivation of the Precambrian Snowbird Tectonic Zone 

influenced sedimentation patterns and the creation of anomalous zones of 

accommodation in localized areas of the basin. Across fault boundaries and within the 

anomalously thick strata, both progradational and retrogradational stacking patterns 

occur within broadly contemporaneous deposits, complicating the correlation of 

stratigraphic units. While the concomitant deposition of transgressive and regressive 

units has been documented in a number of modern marine analogues, the concept has 

only rarely been applied to ancient subsurface successions.  

Chapter 4 documents the sequence stratigraphic framework that is proposed for 

the thesis study area. In this study, 210 cores that intersect the Viking Formation were 

logged in order to create a facies model for the various sequences that are preserved in 

central Alberta. Sequence stratigraphic surfaces that were identified in core were keyed 

to 1200 geophysical well logs in order to create regional cross sections and detail the 

evolution of the bounding discontinuities. The succession is mapped and described 

using Depositional Sequence IV nomenclature, which includes the recognition and 

correlation of the deposits of four systems tracts: falling stage, lowstand, transgressive, 

and highstand. Current models for the Viking Formation are allostratigraphic and reside 

at too broad of a hierarchical scale than is required to accurately map discrete changes 

in systems tracts and paleoshoreline geometries.  

The Viking Formation in central Alberta records four sequences of deposition. 

The deposition of Sequence 1 (S1) was initiated with the first fall in base-level during 

Viking time. The extent of the falling-stage (FSST) and lowstand (LST) deposits for S1 

are generally limited to the SW corner of the study area. The transgressive (TST) and 

highstand (HST) systems tracts are thin and predominantly record deposition in offshore 

to prodeltaic environments.  

Sequence 2 (S2) is preserved throughout most of central Alberta and displays 

the most complex stratigraphic correlations of the Viking. The FSST of this sequence are 

relatively extensive throughout the basin and well preserved as thin shoreface and 

deltaic units. The base-level fall of S2 initiated valley incision at Crystal, Cyn-Pem and 



19 

Sundance-Edson. Incised valleys acted as sediment bypass conduits to the falling-stage 

and lowstand shorelines. The LST of S2 is preserved along a paleoshoreline that 

extends NW to SE between two hydrocarbon producing fields (Judy Creek and 

Beaverhill Lake). The TST deposits are preserved as retrogradationally stacked 

shorelines and as estuarine infill at the incised valleys. The highstand and transgressive 

systems tract are anomalously thick in areas that experienced incremental syn-

depositional tectonic reactivation of basement structures. The results from this tectonic 

activity are over-thickened depositional units as well as significant deviations in the 

along-strike orientation of the paleoshorelines. Certain areas preserve the coeval 

deposition of both transgressive and normal regressive units adjacent to the inferred 

fault margins. The maximum flooding surface separating the TST from the overlying HST 

is highly diachronous, with the position of the surface variable through the stratigraphic 

unit. In order to accurately map the distribution of TST and HST units during S2, multiple 

stratigraphic datums were employed when creating cross sections. This permits a high-

resolution model to be proposed for these stratigraphically complex areas. 

The deposition of Sequence 3 (S3) records deposition in a lower accommodation 

setting, following the tectonic reactivation that had occurred during S2. In S3, FSST 

shorelines are mapped to downstep from SW to NE towards the LST paleoshoreline 

position at Westlock Field. Many of the estuarine incised valleys filled during S2 (e.g., 

Crystal and Sundance-Edson) underwent re-incision following the drop in base-level, 

leading to compound valley fills. The TST and HST of S3 consist of multiple higher-

frequency genetic stratigraphic sequences. The HST deposits exhibit a higher degree of 

storm reworking.  

Sequence 4 (S4) is preserved as thin HST and TST deposits in the study area. 

FSST are not encountered in the study area, and the lowstand paleoshoreline is 

believed to have resided somewhere in Saskatchewan (e.g., Pozzobon and Walker, 

1990; Walker, 1995). The regional transgression across central Alberta during S4 marks 

the diachronous lithostratigraphic boundary between the Viking Formation and the 

overlying Westgate Formation. 

A high-resolution sequence stratigraphic model is required when exploring for new 

hydrocarbon opportunities in a mature basin. In this study, four additional play types 

have been identified including: transgressively incised shorefaces, falling-stage deposits, 
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halo-plays in lowstand deposits, and recognition of along-strike variability in time-

equivalent shoreline deposits in trapping hydrocarbons. These additional play types do 

not always form conventional reservoirs (e.g., halo-plays) and may have been 

overlooked as non-prospective. Regional trends that were commonly assumed to exhibit 

uniform deposition along strike have proven to be more stratigraphically complex than 

was previously thought. By carefully mapping these deposits in a high-resolution context 

it is possible to: i) delineate and refine the mapping of regional trends; ii) correlate valley 

incision to the lowstand shorelines; and iii) provide additional criteria for identifying future 

reservoir units in a mature basin. 
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Chapter 2.  
 
Late Mesozoic Reactivation of Precambrian 
Basement Structures and Their Resulting Effects on 
the Sequence Stratigraphic Architecture of the Viking 
Formation of East-central Alberta, Canada 

A version of this chapter has been published in Lithosphere: Schultz et al., 2019. 

2.1. Introduction 

Foreland depositional systems are inherent geologic features that develop within 

the retroarc region of convergent plate margins where tectonic loading related to 

orogeny causes flexure of the underlying cratonic lithosphere and epeirogenic 

subsidence (e.g., Porter et al., 1982; Price, 1994; Catuneanu, 2004). Clearly, the style of 

flexural response associated with episodes of tectonic loading will be a controlling 

influence on the overall, first-order basin geometry and depositional characteristics. 

However, anisotropies within the underlying cratonic basement, such as pre-existing 

faults and shear zones, may become the loci of strain during flexure (e.g., Godin and 

Harrison, 2014), which can cause these structures to be reactivated, leading to subtle 

offsets and variations in accommodation space within the basin (e.g., Stein, 1988; 

Vakarelov et al., 2006; Vakarelov and Bhattacharya, 2009; Lyatsky et al., 2005).  

The reactivation of basement structures and faults has been documented to play 

a crucial role in the evolution of dynamic sedimentary environments (Holdsworth et al., 

1997; Ross and Eaton, 1999; Pană, 2003). The Western Canadian Sedimentary Basin 

of Alberta overlies a crystalline basement (i.e., the Canadian Shield) that was assembled 

in the Paleoproterozoic. This construct has been subdivided into geological domains that 

represent the mosaic of Archean and Neoproterozoic cratonic fragments and the suture 

zones that welded them together (Ross et al., 1991; Ross and Eaton, 1999). The 

crystalline basement is overlain by an eastward-thinning succession of predominantly 

Paleozoic carbonates that accumulated when the Western Canadian Sedimentary Basin 

served as a passive margin. This carbonate interval is unconformably overlain by a 

predominantly siliciclastic interval that accumulated from the Triassic to late Paleogene 
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as the continental margin evolved into a foreland basin during Jurassic time (Price, 

1994). The geometry of deposition of the Phanerozoic section over the crystalline 

basement was influenced by the reactivation of brittle faults in the subsurface that 

propagated into the overlying basin (Ross and Eaton, 1999; Lyatsky et al., 2005). These 

faults may also have controlled the migration of fluids within the subsurface, which may 

have contributed to the accumulation of hydrocarbons and mineral deposits (Ross and 

Eaton, 1999; Zaitlin et al., 2002; McMechan, 2012). However, the reactivation of such 

basement structures is commonly overlooked, owing to the fact that such movements 

along faults and the attendant deformation tend to be subtle. In this study, high-

resolution sequence stratigraphic mapping was undertaken at a scale that facilitated 

detection of such subtle movements during deposition of the Viking Formation. 

The Viking Formation is a Lower Cretaceous (late Albian) siliciclastic unit that is 

widespread in the subsurface of the Western Canadian Sedimentary Basin (Fig. 2.1). 

The interval records a complex depositional history, manifested by the presence of 

multiple internal discontinuities within the succession and between various hydrocarbon 

fields (see Boreen and Walker, 1991; Pattison, 1991; Leckie and Reinson, 1993; 

Posamentier and Chamberlain, 1993; Walker and Wiseman, 1995; MacEachern et al., 

1999; Roca et al., 2008; Plint et al., 2012b). Throughout Alberta, significant quantities of 

oil and gas have been produced from Viking Formation deposits that are interpreted to 

record shoreface, deltaic, estuarine valley fill, and transgressive lag settings. 

2.1.1. Study Area 

The study area (Fig. 2.1) encompasses deposits that occur along an inferred 

forced regressive to lowstand paleoshoreline trend developed during early stages of 

Viking deposition. The Viking Formation is mapped along depositional strike from the 

Judy Creek Field (54.45°N, 115.65°W) southeast toward the Joarcam Field (53.40°N, 

113.05°W). Hydrocarbon producing intervals in both fields trend in a general NW-SE 

orientation. 

Currently, there is no published stratigraphic framework along the lowstand 

paleoshoreline trend between the Judy Creek and Joarcam Fields (Fig. 2.1). Both 

Joarcam and Judy Creek are interpreted to have been deposited in a low-

accommodation setting in the basin. We hypothesized that the intervening area between  
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Figure 2.1  Study area map showing the distribution of fields that produce from 
the Viking Formation (Schultz et al., 2019 modified from Pattison, 
1991; MacEachern et al., 1998). The Joarcam and Judy Creek fields 
are indicated by the green polygons, with the main study outlined by 
the black box. Solid lines (A – A’ and B – B’) indicate the locations of 
wells from the cross sections in Figure 2.2. The cross section A – A’ 
shows the locations of wells that were selected for the skeletonized 
cross sections presented in Figure 2.6. The two red wells indicate 
wells that were used to compare Judy Creek to Joarcam in Figure 
2.3. Locations of the cored intervals from Figure 2.5 are indicated by 
the blue dots. The northeast-southwest striking Snowbird Tectonic 
Zone (STZ) has been superimposed onto this map (red dashed lines) 
from locations presented in previous studies (see Ross et al., 1991; 
Villeneuve et al., 1993; Pilkington et al., 2000; Lyatsky et al., 2005). 

the fields would display a similar trend. However, our initial investigations in the 

intervening area indicated that the Viking Formation there is 1.5 to 2 times thicker than in 
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the Judy Creek and Joarcam fields. The current study seeks to explain the mechanisms 

responsible for the increased accommodation and to demonstrate how these deposits 

can be integrated into the developing sequence stratigraphic framework for the Viking 

Formation. 

2.1.2. Sequence Stratigraphy 

Sequence stratigraphy describes the relationship and distribution of stratal 

stacking patterns of sedimentary bodies that are genetically related and conformable at 

any temporal or spatial range (Catuneanu et al., 2011). One of the sequence 

stratigraphic frameworks currently accepted by the International Stratigraphic 

Commission is the four-systems tract model, which includes the lowstand systems tract, 

the transgressive systems tract, the highstand systems tract, and the falling stage 

systems tract (i.e., forced regression; sensu Catuneanu et al., 2011). Stratal stacking 

patterns in this model are related to changes in accommodation space and sediment 

supply, which are controlled by changes in base-level. 

A sequence stratigraphic framework has been proposed for the Judy Creek Field 

(MacEachern et al., 2012b), and we extended correlations southeast from this model to 

test the validity of the key stratigraphic surfaces along strike (Fig. 2.2). The reservoir 

deposits at Judy Creek have been interpreted to represent the lowstand position of a 

major relative sea-level fall during early deposition of the Viking Formation. There, 

remnants of a falling-stage systems tract shoreface pass seaward across a correlative 

conformity into the progradational and aggradational shoreface deposits of the lowstand 

systems tract, extending to its maximum regressive limit for that sequence. Similarly, the 

Joarcam Field has been previously interpreted to represent deposition of a lowstand 

systems tract (Power, 1988; Posamentier and Chamberlain, 1993). When comparing the 

deposits between Judy Creek and Joarcam, the relative depositional thicknesses remain 

constant, and stratigraphic surfaces can be correlated broadly along depositional strike 

from one field to the other (Fig. 2.3). Therefore, the intervening area between Judy 

Creek and Joarcam was hypothesized to follow a similar trend, with the key surfaces 

being correlative along strike. 
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Figure 2.2  Previous page. Proposed sequence stratigraphic framework for the 
deposits that intersect the overthickened sections (Schultz et al., 
2019). (A) A – A’ extends from the producing oil field at Judy Creek 
southeast toward the Joarcam Field. (B) B – B’ extends from the 
producing oil field at Crystal (incised valleys) and intersects the A – 
A’ cross section in well 01-30-55-25W4 (highlighted by the star). This 
cross section crosses over the STZ between the 07-21 well and the 
01-30 well. BFS – Base of Fish Scales Marker datum; MFS – 
Maximum flooding surface; LST / TST / HST / FSST – lowstand, 
transgressive, highstand and falling-stage systems tracts; GR – 
gamma ray log; Res – resistivity log. 

 

2.1.3. Structural History 

The Western Canadian Sedimentary Basin underwent multiple phases of tectonic 

evolution before becoming a foreland basin sedimentary depocenter. Three main 

tectonic phases are proposed for the basin: (1) Precambrian to Paleozoic rifted and 

passive margin related to continental extension (Bond and Kominz, 1984); (2) Devonian 

to Early Jurassic conversion to a convergent margin, resulting in long-lived continental 

arc magmatism accompanied by a series of collisional events involving the accretion of 

allochthonous terranes and the development of back-arc basins; and (3) Jurassic to 

Paleogene foreland basin development and infill during terrane collision with the North 

American margin (Price, 1994). 

The development of the foreland basin is attributed to Mesozoic to early 

Cenozoic crustal thickening in the Cordilleran orogen along the western margin of North 

America, which caused an isostatic flexural response in the rigid lithosphere supporting 

the orogen (Fig. 2.4; Price, 1973; 1994; Beaumont, 1981). The lithospheric flexure also 

resulted in reactivation of some pre-existing basement structures, which have been 

constrained using depositional patterns in Phanerozoic strata. For instance, it has been 

suggested that reactivation served as a control on some Devonian reef orientations and 

development, the orientation of strandplain shoreline deposits, and the accumulation of 

hydrocarbons and mineral deposits (Ardies et al., 2002; Zaitlin et al., 2002; Fielding, 

2011; McMechan, 2012). However, few studies have addressed how the reactivation of 

Precambrian basement structures affected accommodation space during the deposition 
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of the Phanerozoic succession. Understanding movements along Precambrian 

basement structures during Viking deposition will provide a unique way to reconcile 

ambiguous stratigraphic relationships and constrain the timing of fault reactivation. 

 

Figure 2.3  Comparison between stratigraphic surfaces of Judy Creek (102/10-
19-63-11W5) and Joarcam (06-36-49-18W4)(Schultz et al., 2019). The 
gray bars represent the cored interval in each well. At Judy Creek, 
the second sequence of deposition is preserved as a falling-stage 
systems tract / lowstand systems tract deposit. Higher up in the 
interval, the third sequence is expressed as a complex, 
amalgamated surface. At Joarcam, the second sequence of Viking 
deposition is preserved as a falling-stage / lowstand delta that can 
be correlated limited distances along strike. FS/TSE – flooding 
surface / transgressive surface of erosion; WRS/SU – wave 
ravinement surface / subaerial unconformity; WRS/MRS – wave 
ravinement surface / maximum regressive surface; RSME/BSFR – 
regressive surface of marine erosion / basal surface of forced 
regression; CC – correlative conformity. 

 
Basement Structures – Snowbird Tectonic Zone 

Precambrian basement structures and domains beneath the Western Canadian 

Sedimentary Basin in Alberta have been identified and mapped using gravity and 

magnetic anomaly data (e.g., Ross et al., 1991; Pilkington et al., 2000; Lyatsky et al., 

2005), supplemented by U-Pb analyses from drill-core samples (Ross et al., 1991). 

Subtle, high-angle, block-bounding brittle basement structures were also identified by 
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Lyatsky et al. (2005) by integrating multiple geophysical data sets compiled and leveled 

by the Geological Survey of Canada (GSC). 

 

Figure 2.4   Schematic block diagram showing conceptual model for the 
formation of the foreland basin by regional lithostatic flexure of the 
cratonic lithosphere induced by loading of the tectonically thickened 
supracrustal rocks of the fold-and-thrust belt (Schultz et al., 2019 
modified after Price, 1994;1973). Also shown is the additional 
subsidence in the area affected by basement structures that were 
reactivated as a result of the lithostatic flexure. The forebulge 
experiences a low rate of subsidence and/or subtle uplift, leading to 
increased rates of erosion in subaerially exposed sections 
(Crampton and Allen, 1995; DeCelles and Giles, 1996). The forebulge 
(and hingeline separating it from the foredeep) represents an area 
that shifts or migrates over time in response to shortening of the 
foreland basin with continued subduction (DeCelles and Giles, 
1996). 

The Snowbird Tectonic Zone has been the subject of numerous studies in the 

Northwest Territories and northern Saskatchewan, where it is exposed at the surface. 

The Snowbird Tectonic Zone has been mapped into the subsurface of Saskatchewan 

and Alberta, where it trends southwestward beneath the Phanerozoic rocks of the 

interior platform and Western Canadian Sedimentary Basin. The Snowbird Tectonic 

Zone is a sinuous, generally steeply dipping zone of intensely sheared rocks, which has 
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been variably interpreted as the remnants of a collision, a rift zone, or an intracontinental 

shear zone (see Gibb and Walcott, 1971; Lewry and Sibbald, 1980; Hoffman, 1988; 

Hanmer et al., 1995; Ross et al., 2000; Mahan and Williams, 2005; Berman et al., 2007). 

Although its origin remains controversial, the steeply dipping structure is readily 

identified through gravity and magnetic surveys (Ross et al., 1991; Pilkington et al., 

2000; Lyatsky et al., 2005). In central Alberta, the Snowbird Tectonic Zone is a 

geophysical anomaly reflecting a structural fault zone between two Archean crustal 

fragments (Hoffman, 1989; Ross et al., 1991). 

2.2. Methodology 

Wells that contain cores of the Viking interval were logged in order to identify the 

key stratigraphic surfaces. High-resolution descriptions of cores provide a detailed 

account of the sedimentology, ichnology, and position of key stratigraphic surfaces (Fig. 

2.5). Along the Judy Creek–Joarcam lowstand shoreline trend, roughly 250 cores 

intersect the Viking Formation. Of these, 60 cores at Joarcam, 70 cores along the Judy 

Creek–Joarcam trend, and 42 cores at Judy Creek were incorporated in this study. 

Significant stratigraphic surfaces identified in cores were keyed to their corresponding 

geophysical well-log responses (Fig. 2.5). Along the Judy Creek to Joarcam trend, ~400 

wells with 900 well-log suites were incorporated into the stratigraphic framework. As 

these key stratigraphic surfaces were identified, cross sections were created to test their 

validity along depositional strike. Stratigraphic datums were selected in order to remove 

the effects of post-depositional tectonism and deformation. Datums were assessed to fit 

as closely as possible to the following set of criteria: (1) originally deposited as close to 

horizontal as possible; (2) associated with limited paleotopographic relief; and (3) easily 

identifiable and present in all sections. 

2.2.1. Datum Selection 

Marine flooding surfaces are commonly selected in cross sections as 

stratigraphic datums because they are deposited relatively parallel to paleo–sea-level, 

and they approximate the paleo-seafloor prior to or immediately following deposition; 

they can therefore be used to identify and remove the effects of post-depositional 

deformation. The locations of wells selected for a skeletonized along-strike cross section  



30 

 



31 

Figure 2.5  Previous page. Representative core and well logs for intervening 
area, showing representative well for the overthickened section, 
Joarcam and Judy Creek (Schultz et al., 2019). CMF - coarse, 
medium, fine. See Figures 2.2 and 2.3 for surface acronyms and 
abbreviations. Measured depth for cored intervals is recorded in 
meters. 

are shown in Figure 1. Selection of varying datums (Fig. 2.6) demonstrates the patterns 

of overthickening in the Viking Formation. Cross sections were created along 

depositional strike from Judy Creek southeast toward Joarcam. In this study, the 

following surfaces were tested as datums: (1) the Joli Fou Formation downlap surface 

(JF in Fig. 2.6A); (2) a transgressive surface (3S in Fig. 2.6B) that is coplanar between 

the third and fourth sequences of deposition; (3) the top of the Viking Formation (VIK in 

Fig. 2.6C); (4) the marine flooding surface in the Westgate Formation (WG in Fig. 2.6D); 

and (5) the Base of Fish Scales Marker (BFS in Fig. 2.6E). Some datums are associated 

with erosion and may exhibit a limited amount of topographic relief, but in areas of low 

accommodation, there are limited options available for selecting a regionally extensive 

stratigraphic datum. Thus, multiple datums were employed in order to accurately 

construct a stratigraphic framework. Several bentonite beds are found in the Viking 

Formation, but without further studies to document the areal extent of the ash plumes, or 

geochemical and geochronological analyses to discriminate between them, they cannot 

be used as reliable datums. Since the cross sections are arranged along depositional 

strike, depositional dips of the datum surfaces are deemed to be minor. 

2.3. Results 

2.3.1. Cross Sections and Datum Selection 

Joli Fou 

The top of the Joli Fou Formation represents a maximum marine flooding surface 

at the top of a transgressive systems tract, across which progradational regression of the 

highstand systems tract resumed. This downlap surface is relatively easily identifiable in 

well logs and expressed as an increase in the interstitial silt and sand contents in the 

mudstones of the normal regressive cycles. When the Joli Fou Formation is employed  



32 

 

Figure 2.6  Cross sections along depositional strike between Judy Creek and 
Joarcam (Schultz et al., 2019). This cross section is skeletonized 
from the A – A’ section of Figure 2. The transgressive surfaces in 
the Viking Formation are highlighted to demonstrate the variations 
that occur along strike. Wells are distributed at approximately the 
same distance. (A) Joli Fou Formation datum. (B) Third sequence 
(3S) datum. (C) Top of the Viking Formation datum. (D) Westgate 
flooding surface datum. (E) Base of Fish Scales Marker datum. 

as a datum at a local scale, the geometries of the systems tracts can be resolved at both 

Joarcam and Judy Creek (Fig. 2.3). However, when the wells in the intervening area are 
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added to the cross section, surfaces in sequences 2–4 become distorted, and sections 

become overthickened from 54.05°N, 114.80°W southeast toward 53.5°N, 113.30°W. 

(Figs. 2.2 and 2.6A). Toward the center of the cross section, a depositional “mound” is 

created, with all surfaces above the Joli Fou Formation rising up toward the apex in well 

01–30–55–24W4. In this area, depositional thicknesses (base to top of Viking 

Formation) gradually increase from 25 m to ~40–60 m. 

Third Sequence Flooding Surface and Transgressive Surface of Erosion 

The top of the third sequence is reflected by a widespread erosional stratigraphic 

contact formed during transgression. There is limited topographic relief associated with 

this surface along depositional strike, making it a reasonable selection as a datum. 

However, when this surface is selected as a datum, the top of the Joli Fou Formation 

and the top of the second sequence of the Viking Formation drop down to form a trough-

like depression in the center of the cross section (Fig. 2.6B). The maximum flooding 

surface marking the top of the Joli Fou Formation from 16–05- 52–20W4 to the 01–30–

55–24W4 well shows a 25–30 m downward shift in the area across a distance of 15 km, 

a geometry difficult to reconcile as primary, given that the cross section is approximately 

strike oriented. 

Top of the Viking Formation 

The top of the Viking Formation marks the transition to the next major marine 

transgression in the basin, manifested by the introduction of the Westgate Formation 

shales. When this surface is selected as a datum, it displays a similar influence on the 

underlying stratigraphy as the 3S surface datum (Fig. 2.6C). Surfaces below the datum 

drop downward to form a trough-like shape, while flooding surfaces above appear to 

undulate along depositional strike. 

Westgate Formation Flooding Surface 

The flooding surface in the Westgate Formation is a well-log pick based on an 

increase in resistivity and a decrease in gamma-ray API (American Petroleum Institute) 

units. Small coarsening-upward cycles can be identified in the Westgate Formation 

above this flooding surface. When this surface is selected as a datum, the center of the 

cross section defines a wedge-shaped body (Fig. 2.6D); the top of the Viking Formation 

and third sequence form a small mound, while the top of the second sequence and the 
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Joli Fou Formation are still observed as a minor depression in the study area. The 01–

30–55–24W4 well shows a downward shift in the Joli Fou Formation by 10–15 m and an 

upward shift of the top of the Viking Formation by ~5–10 m. This geometry is challenging 

to reconcile in a sequence stratigraphic framework, as both surfaces were probably 

close to horizontal when originally formed. 

Base of Fish Scales Marker 

The Base of Fish Scales Marker records a significant hiatus that can be identified 

throughout the subsurface of Alberta, Saskatchewan, and Manitoba and extending into 

Oklahoma and Montana. Throughout the basin, the surface appears to display a 

paleotopographic dip to the SW (Caldwell et al., 1978). In Alberta, strata above and 

below the Base of Fish Scales Marker appear to be conformable, based on foraminiferal 

studies, suggesting that this surface could represent a condensed section (Stelck and 

Armstrong, 1981). Although there is paleotopographic dip associated with the Base of 

Fish Scales Marker across the study area, the magnitude appears to be minor, and the 

effect on stratigraphic architecture should be minimal. When this surface is selected as a 

datum, the systems tracts geometries are similar to those observed when selecting the 

Westgate Formation flooding surface as a datum (Fig. 2.6E). The Joli Fou Formation 

displays a downward shift of between 5 and 10 m, while the top of the Viking Formation 

is shifted upward by 10–15 m.  

When comparing the cross sections that are created in the study area, a trend 

can be observed between Judy Creek and Joarcam Fields. If wells from these producing 

fields were isolated and the intervening area removed, the depositional geometries at 

both fields would be well preserved regardless of the datum selected. All stratigraphic 

horizons broadly correlate to one another, and the systems tract geometries appear to 

be realistic. Systems tracts geometries only become distorted when the intervening area 

is incorporated into the cross section, indicating that syn- to post-depositional 

deformation has occurred in that location. 

2.3.2. Comparison of the Intervening Area to Magnetic and Gravity 
Anomaly Surveys 

We used the magnetic and gravity anomaly maps of Lyatsky et al. (2005) to 

assess the influence that Precambrian basement structures may have had on Western  
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Figure 2.7  (A) Basement anomaly map created using magnetic and gravity data 
obtained from various surveys over Alberta. Superimposed on this 
map are the Judy Creek and Joarcam fields. Joarcam lies southeast 
of the STZ, whereas Judy Creek occurs to the northwest. RDH – Red 
Deer Magnetic High; EH – Eyehill Magnetic High. (B) Map of the 
Precambrian domains with the STZ superimposed onto the map 
(Schultz et al., 2019 modified from Ross et al., 1991; Pattison, 1991; 
Villeneuve et al., 1991; MacEachern et al., 1998; Pilkington et al., 
2000; Lyatsky et al., 2005). The magnetic domains highlighted on the 
figure include: L – Lacombe, Ri – Rimbey, K – Ksituan, F – Fort 
Simpson, T – Talston, G – Great Bear, Fn – Fort Nelson, T – Thorsby, 
C – Chinchaga, K – Kiskatinaw, Na – Nahanni, H – Hottah, Bh – 
Buffalo high, Bu – Buffalo Utikuma, W – Wabamun, N – Nova, H – 
Hearne, R – Rae, Hv – Vulcan, Hb – Medicine Hat, Hz, Matzhiwin, He 
– Eyehill, Hl – Loverna. 

Canadian sedimentary basin architecture and, more specifically, to locate the positions 

of potential brittle basement faults in the basin with respect to Viking Formation 

isopachs. The Judy Creek and Joarcam Field locations were superimposed on the 

gravity and magnetic maps and appear to flank either side of a basement anomaly 
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known as the Snowbird Tectonic Zone (Figs. 2.1 and 2.7). The Joarcam Field is located 

southeast of the Snowbird Tectonic Zone, whereas Judy Creek resides northwest of the 

Snowbird Tectonic Zone. The region between the basement lineaments of the Snowbird 

Tectonic Zone corresponds to the zone of increased accommodation recorded in 

overthickened sections wherein the Viking Formation is ~1.5–2 times thicker than it is at 

Joarcam and Judy Creek.  

The Snowbird Tectonic Zone has been primarily mapped using gravity and 

magnetic anomaly studies, and so the exact locations of the fault boundaries can differ 

depending on the quality of data and interpretation. In order to map the exact locations 

of domain boundaries, quality seismic data must be integrated with the magnetic and 

gravity studies. Seismic data were not available for this study, so the boundaries 

selected for the Snowbird Tectonic Zone followed those of Lyatsky et al. (2005), where 

magnetic and gravity anomaly maps were used to generate the fault trends of the 

Snowbird Tectonic Zone. 

 

Figure 2.8  Total thickness isopach for the Viking Formation from the Joli Fou 
downlap surface to the top of the Viking (Schultz et al., 2019). The 
flanking margins of the STZ record average thicknesses of 20 – 35 
m, whereas the STZ records average thicknesses of 35 – 60 m. 
Contour interval (C.I.) = 10 m. 

A preliminary assessment to determine whether the Snowbird Tectonic Zone 

recorded overthickening throughout central Alberta was undertaken by selecting wells up 

and down depositional dip from the skeletonized cross sections in Figure 2.6. Isopach 

maps of the total Viking thickness (Joli Fou downlap surface to the top of the Viking 

Formation) were created (Fig. 2.8), with the Snowbird Tectonic Zone fault trends 
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superimposed to determine whether overthickening is widespread throughout central 

Alberta. As the formation passes into the Snowbird Tectonic Zone, depositional 

thicknesses clearly record an increase by as much 25 m. 

2.4. Discussion 

2.4.1. Accommodation Space 

The results of this study demonstrate that patterns of increased accommodation 

along depositional strike for the lowstand paleoshoreline trend between Judy Creek and 

Joarcam are coincident with the trend of the Snowbird Tectonic Zone basement anomaly 

(Figs. 2.1, 2.7, and 2.8). Various mechanisms for increasing accommodation in 

depositional setting may typically include processes such as relative sea-level rise or 

valley incision. 

However, based on the patterns of differential subsidence observed in the strike-

oriented cross sections (Fig. 2.6), it is most reasonable to infer that the overthickened 

section correlates to differential movement along strike-perpendicular basement faults 

that were reactivated while the Viking Formation was being deposited. Aside from the 

correspondence of the overthickened zone of the Viking Formation with the Snowbird 

Tectonic Zone basement anomaly noted above, further support for this hypothesis is 

based on the following arguments: 

(1) The anomalously thick zone overlying the Snowbird Tectonic Zone cannot be 

explained by simply raising base-level as a result of relative sea-level rise, given the 

sequence stratigraphic framework being developed. Base-level changes as a result of 

relative sea-level changes during Viking deposition are well constrained at both Judy 

Creek and Joarcam; both fields record deposition in a low-accommodation setting. The 

area along strike must, therefore, record a different mechanism for increased 

accommodation. 

(2) The increased accommodation space cannot be explained by valley incision 

or spatial variations in the depths of incision of the various erosional discontinuities in the 

succession. The overthickened zone occurs gradually across a 200 km zone between 

Judy Creek and Joarcam. Valley widths in other Viking occurrences span only ~2 

townships (12 miles; 19 km) and show rather abrupt changes in accommodation as well 
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as facies across short (1–2 km) distances (e.g., Reinson, 1985; Pattison and Walker, 

1994, 1998). Further, the depositional thicknesses of the sequence 2 forced regressive 

to lowstand paleoshoreline are relatively consistent along strike (Figs. 2.2 and 2.3). In 

cored intervals, there is no obvious evidence of significant incision into the underlying 

strata, suggesting that this unit was uniform and persistent along strike prior to the 

deposition of sequence 3.  

Correspondingly, we contend that differential movement occurring along 

basement faults that transected the depositional strike of the Viking Formation is the 

most likely mechanism for the localized and stratigraphically variable (in a 

superpositional sense) increase in accommodation space in the study area. 

2.4.2. Aptian to Albian Tectonism 

Following the initial development of the foreland basin in the Jurassic, various 

allochthonous terranes continued to accrete to the western edge of the North American 

plate. During the Aptian, the terminal accretion of the Wrangellia terrane to the 

southwestern margin of the North American margin created renewed widespread 

compression, tectonic thickening, and loading in the southern Canadian Cordillera 

(Monger et al., 1994; Gibson et al., 2008; Nelson et al., 2013). The renewed loading and 

northeastward propagation of the Cordilleran deformation front accompanied a general 

eastward migration of the foreland basin depocenter axis (Price, 1994). During this time, 

the ongoing subsidence within the basin related to lithospheric flexure in front of the 

evolving deformation front was heterogeneous (Zaitlin et al., 2002). For instance, crustal 

anisotropies in the form of inherited basement structures that obliquely transect the 

strike of the basin may have been variably reactivated as brittle faults (see Lyatsky et al., 

2005), leading to lesser or greater degrees of isostatic readjustments along these 

structures. In turn, this would have created along-strike variations in the accommodation 

space for strata deposited within the basin (see Fig. 2.4). 

The deformation of the Snowbird Tectonic Zone has been ongoing since the 

Precambrian. Brittle reactivation and differential movement along and within the margins 

of the Snowbird Tectonic Zone in the Albian may account for the increased 

accommodation observed in the study area. The movements were likely subtle, and 

accommodation space appears to have increased gradually toward the center of the 
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Snowbird Tectonic Zone anomaly. Furthermore, the along-strike, trough-like depression 

that we have established for the Viking Formation likely reflects differential movements 

on a series of brittle faults paralleling the Snowbird Tectonic Zone that propagated up 

into the overlying Phanerozoic rocks (>2 km thickness), rather than all movement taken 

up on only a few discrete faults flanking either side the Snowbird Tectonic Zone.  

In the Western Canadian Sedimentary Basin, NW-SE–oriented extensional faults 

related to foreland flexure are common and have been documented in multiple studies 

(Murray et al., 1994; Donaldson et al., 1998; Lemieux, 1999; Warren, 2000; Zaitlin et al., 

2002; Ardies et al., 2002; Mei et al., 2015). In the current study area, there were no 

orogen-parallel basement faults identified, making it challenging to assess their possible 

influence on Viking depositional geometries in the study area. In the Viking Formation, 

the NE-SW isopach variations are more notable than the NW-SE gradient, which may be 

the result of the subtle structural influence by NW-SE–oriented foreland flexural 

extensional faults, similar to those identified in other Cretaceous intervals in Alberta (Fig. 

8; e.g., Murray et al., 1994; Donaldson et al., 1998; Lemieux, 1999; Warren, 2000; Zaitlin 

et al., 2002; Ardies et al., 2002; Mei et al., 2015). However, if unidentified orogen-parallel 

basement extensional faults were present (outside the scope of the current study), we 

would expect there should be abrupt thickness changes in the depositional dip 

orientation of the Viking stratigraphy. Although this was not documented in this study, 

this does not preclude the possibility of these faults existing outside of the current study 

area, and therefore they should be kept in mind when undertaking similar sequence 

stratigraphic analyses elsewhere. 

2.4.3. Systems Tracts and Facies Responses 

The interplay and rates of differential subsidence and sedimentation would have 

had a significant control on the depositional geometries of the different systems tracts. 

Stratigraphic frameworks applied to broader hierarchal scales may overlook the subtle 

overthickening that occurred due to basement structures being reactivated. Therefore, 

higher-resolution models that incorporate mapping of the subtle facies changes (i.e., 

sedimentology, ichnology, palynology) that occur during fluctuations in base-level must 

be integrated in order to recognize their influence. Importantly, mapping of the facies 

distributions within discrete systems tracts of each sequence allowed us to recognize 
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those sequences that were overthickened due to differential subsidence along 

depositional strike (Fig. 2.2). 

Post burial compaction needs to be accounted for in areas where formations 

record mud-dominated deposits. In these scenarios, the deposits must be decompacted 

in order to accurately assess the magnitude of movement along faults (for a summary 

and formulas, see Chapman, 1983). In the study area, the deposits in the intervening 

area are sand-dominated deltaic successions, so the effects of compaction are assumed 

to be minimal. Future studies focusing on areas downdip of this study would need to 

employ such decompaction formulae, owing to the predominance of mud-dominated 

strata. 

In the Viking interval, accommodation space was created during the highstand 

systems tract. The resulting deposits are expressed as overthickened parasequences, 

reflecting sedimentation rates in excess of accommodation. The dominant facies 

expression in the Snowbird Tectonic Zone is an overthickened prodelta and delta-front 

facies. The prodeltaic deposits are overthickened relative to the basinal facies of the 

flanking margins at Judy Creek and Joarcam (Fig. 2.2). The overthickening of the 

basinal prodelta facies suggests that water depths were progressively increasing due to 

accommodation space being created during progradation (i.e., syn-depositional 

subsidence). In a high-resolution facies model, these deposits display stressed trace 

fossil suites, reflecting the higher sedimentation rates that impede substrate colonization. 

The result is a reduction in trace fossil diversity and bioturbation intensity in these 

deposits. 

2.4.4. Patterns of Differential Subsidence 

By selecting successive datums from oldest to youngest, periods of tectonic 

quiescence and tectonic subsidence can be identified in the Viking stratigraphic interval. 

The wells used in the construction of the skeletonized cross section (Fig. 2.1) were 

selected in order to have one well to the NW (01–09–64–12W5) and two wells to the SE 

(16–05–52–20W4 and 16–30–49–18W4) of the Snowbird Tectonic Zone. The remaining 

three wells (02–10–62–08W5, 15–21–59–02W5, and 01–30–55–24W4) occur within the 

anomaly zone and reflect significant overthickening of strata. By reproducing the cross 

sections using the different datums, the changes in accommodation space during Viking 
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time can be elucidated (Fig. 2.6). The wells that occur outside of the Snowbird Tectonic 

Zone anomaly were used as baselines to compare the other wells against when 

selecting different datums across the study area. Regardless of which datum was 

employed, the stratigraphic architecture of the wells outside of the Snowbird Tectonic 

Zone showed minimal change in their depositional geometries, confirming their suitability 

as key surfaces. They can, therefore, be used to estimate the timing and magnitude of 

reactivation of basement structures within the Snowbird Tectonic Zone anomaly. 

The transition from the transgression of the Joli Fou Formation to the highstand 

systems tract of the regional Viking Formation is marked by a maximum flooding 

surface. The maximum flooding surface was likely as close to parallel to paleo–sea-level 

as any other produced in the basin. Given that the cross sections are strike oriented, this 

surface serves as an excellent datum. When the Joli Fou Formation is selected as the 

datum, the geometries of the falling stage and lowstand systems tracts in sequence 2 

remain consistent along the cross section (Fig. 2.6A). This indicates that from the end of 

the Joli Fou transgression to the end of the deposition of the lowstand systems tract of 

sequence 2, there was tectonic quiescence. 

By contrast, when the top of the third sequence (wave ravinement 

surface/subaerial unconformity) is employed as a datum, the intervening area shows 

additional subsidence of ~25 m relative to the margins flanking the Snowbird Tectonic 

Zone at Judy Creek and Joarcam. This indicates that some 25 m of additional 

accommodation space was created in the area during the deposition of the highstand 

systems tract of sequence 2 and the falling-stage systems tract of sequence 3. This 

package is a sand-dominated unit in the study area, with minor mudstone interbeds 

observed. It is likely that the extra accommodation space observed in this section 

reflects overall net displacement along the brittle faults within the Snowbird Tectonic 

Zone anomaly. Correlation of systems tracts following the deposition of the lowstand 

deposits of sequence 2, therefore, must address these changes in accommodation and 

their corresponding impacts on proximal-distal trends, depositional environments, and 

magnitudes of base-level change associated with relative sea level. 

The top of the Viking datum (Fig. 2.6C), a flooding surface/transgressive surface 

of erosion, shows that there was little or no movement following the deposition of 

sequence 3, and that tectonic quiescence ensued. By contrast, when the Westgate 
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Formation flooding surface and the Base of Fish Scales Marker (MFS) are selected as 

datums (Figs. 2.6D–2.6E), a wedge-like geometry of the systems tracts is observed in 

the Snowbird Tectonic Zone. It appears that some point after Viking deposition, there 

was minor uplift within the Snowbird Tectonic Zone anomaly, possibly related to an 

episode of subtle transpression as has been documented in the Fort St. John graben 

system to the north (Eaton et al., 1999). 

2.4.5. Other Evidence in Support of Precambrian Basement 
Reactivation and Changing Subsidence Patterns 

Syndepositional subsidence leading to patterns of overthickening have been 

documented in other studies of Phanerozoic and Paleozoic strata in the basin. Most 

studies have focused on the structural aspects of basement reactivation, with few papers 

documenting the effect(s) on the resulting stratigraphic frameworks. 

A study by Plint et al. (2012) explored the relationship of tectonism to deposition 

patterns in the Colorado allogroup. They suggested that there is little evidence for pre-

existing topographic depressions in the basin floor that would allow for thicker packages 

of sediment to accumulate. Rather, thicker sections likely correspond to actively 

subsiding areas that were rapidly filled as accommodation space was created. In the 

Colorado allogroup, a distinct switch between depocenters was documented between 

northern Alberta and British Columbia. The abrupt switch was attributed to the collision 

and accretion of allochthonous terranes with the western North American plate margin. 

The study suggested that thrust sheet loading and structural weaknesses of the 

Precambrian basement created subsidence changes at a local scale.  

The Red Deer zone and Vulcan Low basement structures in southern Alberta 

have been periodically reactivated, leading to changes in facies distribution and 

thickness, mineralization, and hydrothermal flow patterns in carbonate-dominated 

successions (McMechan, 2012). In these examples, the localization of certain facies 

over basement structures led to changes in mineralization patterns at the margins of the 

overthickened sections. Most examples documented in the study by McMechan (2012) 

directly overlie Precambrian basement, with movement along faults expressed from the 

Cambrian to Permian. 
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Examination of the Muddy Sandstone Formation in the Denver Basin (age 

equivalent to the Viking Formation) documented that tectonic readjustments of basement 

structure were a dominant control on the locations of paleovalleys and shallow-water 

facies (Weimer, 1990). Channels and paleovalleys accumulated in topographic lows that 

were formed due to differential subsidence of basement structures. Areas that 

experienced isostatic uplift formed topographically high areas that were prone to erosion 

and the generation of unconformities. 

2.4.6. Reactivation of Basement Structures Beneath Evolving 
Foreland Basins – Global Context 

Reactivation of basement structures has been documented in a variety of 

tectonic settings globally, including beneath developing orogens, continental margins, 

foreland basins, and rift basins (Stein, 1988; Ross et al., 1991; Lyatsky et al., 2005; 

Zaitlin et al., 2002; Zhao and Cawood, 2012; Godin and Harris, 2014; Skalbeck et al., 

2014; Kayode et al., 2017; Araujo et al., 2018). 

In foreland basins, the evidence for reactivation of pre-existing basement 

structures can be quite subtle, and they have generally been identified by combining 

careful stratigraphic studies with geophysical data (e.g., Ross et al., 1991; Lyatsky et al., 

2005). In areas where the sediment is adjacent to the basement, fault and distinct facies 

offsets due to basement reactivation should be more readily discernible. Examples 

include the Vulcan Low and Red Deer zone documented by McMechan (2012), and the 

study by Araujo et al. (2018) of the Rio de Peixe Basin in Brazil, where basement fault 

reactivation is suggested to have caused a sag that resulted in a thickening of clastic 

sediments overlying the basement. 

However, in areas where the sediment is separated by a significant distance from 

the basement, the identification of the influence imposed by reactivated basement 

structures will be more nuanced, such as the patterns of along-strike overthickening in 

the Viking Formation documented in this study. In these cases, the utilization of high-

resolution sequence stratigraphy provides a powerful tool for delineating fault trend 

boundaries, timing of fault reactivation, and patterns and amounts of differential 

subsidence. Furthermore, if the overlying sedimentary basins are of interest to 

hydrocarbon and/or mineral exploration, then the results of this study could have 
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significant implications where correlating regional facies relationships and reconciling 

depositional anomalies in the along-strike and downdip directions are critical. 

2.5. Conclusion 

This study documented subtle movements that occurred along reactivated 

Precambrian basement faults during the late Albian (Early Cretaceous) in east-central 

Alberta, Canada. Mapping of the Viking Formation along a lowstand trend showed an 

overthickened section directly overlying the Snowbird Tectonic Zone. In that area, no 

single datum can effectively resolve the depositional geometries of the Viking Formation, 

pointing to syn-depositional basement readjustment. Multiple datums were employed in 

order to properly assess these tectonic effects. 

Movement along the basement structures occurred prior to and/or during the 

deposition of the third sequence of the Viking Formation. The falling stage and lowstand 

deposits of the second sequence show no significant changes in thickness along 

depositional strike and so are interpreted to have accumulated during a time of tectonic 

quiescence. Following the deposition of the falling stage and lowstand shorefaces, 

differential subsidence of the Snowbird Tectonic Zone occurred, increasing the 

accommodation space in areas lying between Judy Creek and Joarcam. During the 

deposition of the Westgate Formation and Base of Fish Scales Marker, the basement 

structures in the Snowbird Tectonic Zone were reactivated, as the margins that flank the 

anomaly indicate differential subsidence relative to the Snowbird Tectonic Zone. 

Careful mapping and identification of systems tracts were essential in order to 

accurately assess the magnitude and timing of reactivation of basement faults and their 

heterogeneous effects on creating accommodation space within the basin. Changes in 

facies distribution (i.e., rapid landward shifts in facies), sedimentology, and depositional 

thicknesses must be identified in order to package sediments into their genetically 

related systems tracts. By doing so, and selecting successive datums, the timing of fault 

movement and the amount of accommodation space created can be estimated. 

Conversely, the recognition and careful assessment of reactivated basement structures 

likewise help to explain the shifts of paleoshorelines along depositional strike as a 

function of the interplay between regional base-level variations and more localized 

changes in accommodation space owing to differential subsidence. In fact, in this study, 



45 

the systems tract characteristics, their thicknesses, and their distributions could not be 

reliably correlated without recognizing the role of tectonically induced overthickening. 

Major phases of Cordilleran orogenesis related to convergence along the 

western margin of the North American craton occurred throughout the Mesozoic and into 

Paleogene time. It is likely that accumulation patterns in other shallow-water foreland 

basin deposits were affected by basement reactivation as well. By carefully mapping 

units within the basin and knowing the locations of underlying basement structures, it 

may be possible to identify similar patterns of pre-, syn-, and post-depositional 

movements on reactivated basement faults. In turn, this will help to reconcile observed 

along-strike anomalies when correlating strata in the Western Canadian Sedimentary 

Basin and other similar basins flanking orogenic belts. 
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Chapter 3.  
 
Coeval Deposition of Transgressive and Normal 
Regressive Stratal Packages in a Structurally 
Controlled Area of the Viking Formation, Central 
Alberta, Canada 

A version of this chapter has been published in Sedimentology: Schultz et al., 2020. 

3.1. Introduction 

Foreland basin depocentres are complex settings, wherein depositional patterns 

are controlled by the interplay of sedimentation, accommodation and climate (Catuneanu 

et al., 2011). The shoreline geometries and stratal stacking patterns of systems tracts 

that develop in these settings are likewise controlled by a combination of both allogenic 

and autogenic factors. The 3D variability recorded in the stratigraphic architecture of 

systems tracts is a function of sedimentation rates and accommodation space (Wehr, 

1993; Martinsen and Helland-Hansen, 1995; Catuneanu et al., 2011). When 

accommodation and sedimentation rates are variable along depositional-strike, the 

resulting depositional geometries of sedimentary systems and the stratal stacking 

patterns of systems tracts become irregular, deviating from idealized sequence 

stratigraphic models (Catuneanu, 2019a). These allogenic and autogenic controls on 

basin morphology and shoreline evolution can lead to the concomitant deposition and 

subsequent juxtaposition of transgressive and normal regressive deposits over a 

relatively short distance. In such settings, it is crucial to recognize that the deposits are 

coeval in order to create a regionally consistent sequence stratigraphic framework.  

The Viking Fm (late Albian) of the Western Canada Sedimentary Basin, Alberta, 

Canada shows evidence of concomitant transgressive and normal regressive deposition 

along a structurally controlled paleoshoreline. The excellent well control and abundance 

of cored intervals affords a unique opportunity to assess a high-resolution approach to 

modelling subsurface deposits in a structurally controlled area of a foreland basin. By 

identifying subtle facies changes and mapping the along-strike variability of high-

frequency genetic stratigraphic sequences, it is possible to create a subsurface model 
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for the Viking Formation that documents the subtle preservation of coevally deposited 

transgressive and regressive units. Although this type of deposition is commonly 

observed in modern settings, few publications of subsurface units have been 

documented (see Wehr, 1993; Madof et al., 2015). The Viking deposits in the study area 

present an ideal opportunity to assess variability in depositional geometries of coeval 

transgressive and regressive strata and to discuss methodologies for recognizing similar 

lateral stratal relations in the rock record. 

3.1.1. Sequence Stratigraphy and Coeval Deposition 

Coeval deposition of transgressive and regressive deposits occurs in response to 

variations in sedimentation and accommodation, which generates the juxtaposition of 

retrogradational and progradational stratal stacking patterns (Wehr, 1993; Martinsen and 

Helland-Hansen, 1995; Posamentier and Allen, 1999; Catuneanu, 2006; Helland-

Hansen and Hampson, 2009; Catuneanu, 2019a). Where regressive and transgressive 

deposits accumulate concurrently, the maximum flooding surface (MFS) separating the 

transgressive systems tract from the overlying highstand systems tract is highly 

diachronous, and its position within the stratigraphic column is variable (Fig. 3.1).  

Coeval deposition of regressive and transgressive units can occur in multiple 

geological settings, including: i) tectonically active fault zones (leading to differential 

subsidence); ii) environments where sedimentation rates may vary significantly along 

depositional strike (e.g., due to the direction of longshore currents relative to the location 

of deltas); and iii) areas where sedimentation and accommodation rates are variable 

(Catuneanu, 2019a). Under any combination of the foregoing, conditions may be created 

wherein progradational and retrogradational stacking patterns are generated, leading to 

challenges in the correlation of strata. Coeval deposition of regressive and transgressive 

units is likely more common than is currently documented in the literature, given the 

range of controls and spatial variability of depositional systems. By correlating deposits 

using a data-driven approach, the 3D variability that is present in coeval depositional 

systems can be more accurately resolved and incorporated into a high-resolution 

stratigraphic model. 
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Figure 3.1  Schematic representation of the variability and diachronous nature 
of the maximum flooding surface (MFS) in coeval depositional 
packages (Schultz et al., 2020 modified from Madof et al., 2015). The 
position of the MFS is stratigraphically higher in thick transgressive 
systems tracts areas and has a significantly younger age. The 
position of the MFS is stratigraphically lower in the thick highstand 
systems tracts and has a significantly older age. The MFS is 
denoted as a stepped surface to convey the face that the TST and 
HST packages were deposited concurrently and represent a subtle 
change in depositional facies as the system evolves. 

Transgressions that separate stages of progradation can be observed at multiple 

scales (i.e., temporal and spatial). At each scale of observation, transgressions may 

result in the formation of sharp lithological contacts (i.e., flooding surfaces) and always 

end with maximum flooding surfaces, whereby the stacking pattern changes from 

retrogradational to progradational. The definition of these concepts (i.e., 'transgression', 

'flooding surface', 'maximum flooding surface') is independent of scale, and the relative 

stratigraphic significance of transgressions of different magnitudes and associated 

surfaces can be indicated by hierarchical orders, or simply in relative terms (e.g., higher 

vs. lower frequency, or lower vs. higher hierarchical rank; see Catuneanu, 2019b and 

references therein). 

At the scales of high-resolution sequence stratigraphy, stratigraphic cycles can 

be referred to as ‘parasequences’ if flooding surfaces are employed as bounding 

surfaces. Alternatively, stratigraphic cycles are referred to as ‘high-frequency genetic 

stratigraphic sequences’ if maximum flooding surfaces are used to delineate cycles. This 
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paper considers the two highest-resolution stratigraphic scales of the Viking Formation in 

the study area, thus enabling us to consider transgressions and intervening regressions 

at two scales of observation. Higher rank (greater magnitude) transgressions and 

regressions have also been documented in the study area, but are beyond the scope of 

this paper. 

3.1.2. Characterization of Stratigraphic Cycles 

 Stratigraphic cycles define stratal units delineated by the recurrence of the same 

type of stratigraphic surface at the base and at the top. At the scales of high-resolution 

sequence stratigraphy, ‘high-frequency’ sequences are those that develop typically at 

sub-seismic scales and describe the internal architectures of seismic-scale systems 

tracts (Zecchin and Catuneanu, 2013; Catuneanu and Zecchin, 2013). The original 

building blocks of highstand and transgressive systems tracts in the low-resolution 

context of seismic stratigraphy were parasequences, defined as conformable 

successions of beds and bedsets that are genetically related and bound by flooding 

surfaces (Van Wagoner, 1995). Parasequences typically comprise normal regressive 

packages, and are associated with high frequency changes in coastal environments. 

The stacking pattern of parasequences, as well as high-frequency sequences, can 

define any larger-scale (i.e., lower-resolution) systems tract (i.e., LST, TST, HST, FSST; 

Catuneanu et al., 2011). 

Within a sequence stratigraphic context, limitations of the parasequence concept 

relate to its allostratigraphic rather than sequence stratigraphic nature. For example, 

flooding surfaces are lithological discontinuities that may or may not mark a change in 

stratal stacking pattern, and that may or may not form during every transgression., As 

well, parasequences are of limited value in their applicability only to coastal and shallow-

water settings; this is in contrast to sequences and systems tracts, which can be defined 

in all depositional settings (see Catuneanu, 2019a, for a full discussion). For these 

reasons, high-frequency sequences that develop at parasequence scales (e.g., genetic 

stratigraphic sequences bounded by maximum flooding surfaces) provide a superior 

alternative for the construction of high-resolution sequence stratigraphic frameworks. 

The high-frequency genetic stratigraphic sequences (GSS) in this study include 

both transgressive (fining-upward) and normal regressive (coarsening-upward) strata. 
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Where transgressions are conducive to abrupt episodes of water deepening, flooding 

surfaces may also form below or coincident with maximum flooding surfaces. Where 

present in the section, flooding surfaces are marked by an abrupt increase in Gamma 

Ray (GR) API. In heterolithic units (e.g., prodelta or delta front), the identification of 

flooding surfaces becomes problematic, as the transition is subtle; in these cases, it is 

important to describe cored intervals in order to validate such surfaces on well logs. If 

the flooding surface is allogenic, then the boundary typically shows a greater GR API 

value in the overlying mudstone reflecting the abrupt shift to open-marine deposition 

above. Where transgressive packages are thicker, flooding surfaces, if present, typically 

lie below the maximum flooding surfaces, and are separated from them by heterolithic 

intervals; in these cases, flooding surfaces are allostratigraphic lithological contacts 

within the transgressive systems tracts of the high-frequency sequences. Whether or not 

flooding surfaces form during transgression, maximum flooding surfaces can be 

identified at the end of every transgression. 

This study identifies maximum flooding surfaces of two hierarchical ranks. The 

lower rank maximum flooding surfaces (high-frequency maximum flooding surface; hf-

MFS) are observed at the scale of high-frequency sequences, whereas the higher rank 

maximum flooding surface (low-frequency maximum flooding surface; lf-MFS) is 

observed at the scale of systems tracts defined by the stacking pattern of high-frequency 

sequences. 

3.1.3. Tectonic Setting 

 The Viking Formation was deposited in the retroarc foreland setting of the 

Western Canadian Sedimentary Basin (WCSB) during the late (upper) Albian. The 

carbonate and clastic deposits that accumulated in the basin from the Precambrian to 

Paleogene are underlain by a crystalline basement that is composed of various Archean 

and Neoproterozoic cratonic fragments that were sutured together during the 

Paleoproterozoic (Ross et al., 1991; Ross and Eaton, 1999). Within the Precambrian 

basement, the approximate location of structures and domains were identified and 

mapped using gravity and magnetic anomaly data (e.g., Ross et al., 1991; Pilkington et 

al., 2000; Lyatsky et al., 2005). The basement structures and fault zones identified in 

previous studies (see Ross et al., 1991; Pilkington et al., 2000; Lyatsky et al., 2005) 

have the potential to have become reactivated, which may have led to the creation of 
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variable accommodation along depositional strike in the basin. The reactivation of 

Precambrian basement structures during the deposition of marginal-marine 

environments has been shown to have had a pronounced effect on the evolution and 

geometry of Mesozoic paleoshorelines (Zaitlin et al., 2002; Vakarelov and Bhattacharya, 

2009; Schultz et al., 2019). 

 

Figure 3.2  Schematic of the potential basement reactivation recorded in central 
Alberta (Schultz et al., 2019). Differential subsidence of the Snowbird 
Tectonic Zone (STZ) led to the creation of accommodation space in 
central Alberta. In this area, over-thickened highstand and 
transgressive deposits are preserved. 

The Snowbird Tectonic Zone (STZ) is a basement anomaly that trends obliquely 

(SW to NE) from the Cordilleran deformation front (Fig. 3.2). It is a steeply dipping fault 

zone of intensely sheared rocks and is identified in the subsurface of the WCSB using 

aeromagnetic data (Ross et al., 1991; Pilkington et al., 2000; Lyatsky et al., 2005). The 

STZ is exposed at surface in northern Saskatchewan and the Northwest Territories. The 

interpreted origin of the STZ is controversial. Various interpretations proposed for the 

STZ include that it is the remnants of a crustal collision, a failed rift zone, or an 

intracontinental shear zone (e.g., Gibb and Walcott, 1971; Lewry and Sibbald, 1980; 

Hoffman, 1988; Hanmer et al., 1995; Ross et al., 2000; Mahan and Williams, 2005; 
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Berman et al., 2007). Regardless of its origin, the heavily sheared rocks that form the 

STZ reflect a significant structural fault zone between two Archean crustal fragments of 

the basement (Hoffman, 1989; Ross et al., 1991). 

During deposition of the Viking Fm in the Albian, loading on the Cordilleran 

deformation front led to differential subsidence along the STZ (Schultz et al., 2019). 

Specifically, along depositional strike between the producing fields of Judy Creek and 

Joarcam (Fig. 3.3), a marked increase in accommodation is recorded in the Viking Fm 

overlying the STZ, and accommodation creation generated pronounced facies variations 

along-strike within over-thickened intervals. The Viking deposits overlying the STZ range 

in thickness from 35–65 m, whereas in the lower accommodation zones flanking the STZ 

successions generally show thicknesses of 15–30 m. The variations in accommodation 

space brought about by reactivation of the STZ are responsible for the marked 

complexities in stratal relations of the Viking Fm along depositional strike (Schultz et al., 

2019).   
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Figure 3.3  Viking producing fields in Alberta (Schultz et al., 2020 modified from 
Pattison, 1991) and Alberta in Canada (bottom left). The black 
polygon in the centre of the map indicates the extent of the current 
study. Cross sections A-A’, B-B’, C-C’ and D-D’ are indicated by the 
blue lines and labelled. The location of the cored intervals from 
Figure 3.4 are denoted by the red circles. 

3.1.4. Viking Formation 

The Viking Fm is a siliciclastic succession informally defined by Slipper (1918) in 

a study of the Viking-Kinsella gas field. The initial approach to mapping the Viking was 

lithostratigraphic, with sand-rich intervals bounded between the underlying marine 

shales of the Joli Fou Formation and the overlying unnamed shales of the Colorado 

Group (Fig. 4; Stelck, 1958). The Viking was placed within the Colorado Group by Hunt 

(1954) and elevated to formation status by Stelck (1958). Formal nomenclature for the 
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Colorado Group was proposed by Bloch et al. (1993), which led to the unnamed shales 

of the Colorado Group being defined as the Westgate Formation. Roughly age-

equivalent strata to the Viking Fm include the Paddy Member (NW Alberta), the Pelican 

Formation (NE Alberta), and the Bow Island Formation (SW Alberta; Fig. 3.4). 

 

Figure 3.4  Lithostratigraphic column for a portion of strata in the Alberta 
Foreland Basin fill of the Western Canadian Sedimentary Basin. 
Age-equivalent strata to the Viking correspond to the sand-
dominated successions of the Upper Albian (Schultz et al., 2020 
modified from the Alberta Geological Survey, 2019). 

The Viking Fm was deposited into a shallow inland sea, referred to as the Mowry 

Sea (Stelck, 1975; Fig. 3.5). The extent of the Mowry Sea reached from the present-day 

Beaufort Sea to the mid-western USA. During this time, the paleoshoreline in Alberta 

was oriented in a NW to SE orientation, with successions that prograded towards the NE 

and away from the evolving Cordillera deformation front. 

The Viking Formation is internally complex and bounded by stratigraphic 

discontinuities that mark the positions of paleoshorelines throughout the Albian. The 

formation has been described as encompassing a wide range of marginal- and shallow-

marine depositional environments, including shorefaces (e.g., Power, 1988; Pemberton 

et al., 1992; Raychaudhuri et al., 1992; MacEachern et al., 1992; Posamentier and 

Chamberlain, 1993; MacEachern et al., 1999a, b), estuarine incised valley complexes 
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(e.g., Reinson, 1985; Pattison, 1991; Boreen and Walker, 1991; MacEachern and 

Pemberton, 1994; Pattison and Walker, 1994; Pattison and Walker, 1998), and deltaic 

complexes (e.g., Coates and MacEachern, 2007; Dafoe et al., 2010; Dafoe and 

Pemberton, 2012).  

 

Figure 3.5  The late Albian Mowry Sea (Schultz et al., in review modified from 
Stelck, 1975). This image documents the extent of the shallow 
seaway that the Viking was deposited in. The study area occurs 
along the western margins of the seaway. 

The currently published regional stratigraphic model for the Viking Formation is 

allostratigraphic (see Boreen and Walker, 1991; Pattison, 1991; Pattison and Walker, 

1994; Walker and Wiseman, 1995; Roca et al., 2008). The initial framework was first 

proposed by Boreen and Walker (1991). Their original model identified 5 allomembers 
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(A-E) in central Alberta that were bounded by regional discontinuities (VE1–VE4). 

Significant modifications to this scheme were proposed by Pattison (1991) and Walker 

and Wiseman (1995) and the stratigraphy was carried south and east.  The more recent 

study by Roca et al. (2008) modified the terminology proposed by Boreen and Walker 

(1991), and correlated Albian strata from northern Alberta and northeastern British 

Columbia (Paddy Member and Hasler Shale) through central Alberta (Viking Fm) to 

southern Alberta (Bow Island Fm), northeastern Alberta (Pelican Member), and 

Saskatchewan (Viking Fm). Subsequent iterations and refinements of the 

allostratigraphic model still reside at a broader hierarchal level than is required for field-

scale and within-field correlations.  

Allomembers from Boreen and Walker (1991) and Roca et al. (2008) broadly 

correlate to Viking depositional sequences (Fig. 3.6). The erosional discontinuities that 

were identified in both allostratigraphic models correlate to the top of Viking sequences 

(subaerial unconformity or coplanar wave ravinement / subaerial unconformity). The 

Viking Formation comprises 4 depositional sequences. Each sequence has its own 

falling-stage systems tract (FSST), lowstand systems tract (LST), transgressive systems 

tract (TST), and highstand systems tract (HST) deposits that are separated by mappable 

sequence stratigraphic surfaces.  The current study, which focuses on the second 

sequence of Viking deposition, roughly correlates to Allomember C (Boreen and Walker, 

1991). 

A sequence stratigraphic approach is employed herein to develop a high-

resolution stratigraphic framework for Viking deposits in central Alberta. In this area, the 

Viking has been regarded historically to record deposition in a low-accommodation 

basin; however, recent studies have documented areas of the Viking that are markedly 

over-thickened, leading to pronounced variability in the 3D architecture of the constituent 

systems tracts (Schultz et al. 2019). The systems tracts in over-thickened areas 

experienced pronounced changes in accommodation space generated by differential 

reactivation of the STZ, which led to significant along-strike variability in their 

orientations, geometries, thicknesses, and ultimately, stratal stacking patterns (Schultz 

et al., 2019). 
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Figure 3.6  Previous page. A comparison of the different stratigraphic models 
that have been proposed for the Viking (modified fro Schultz et al., 
2020). The lithostratigraphic model was proposed by Hunt (1954) 
and Stelck (1958). The first allostratigraphic model was proposed at 
McMaster University by multiple masters and doctoral theses. An 
updated allostratigraphic model was proposed by Roca et al. (2008), 
effectively modifying the nomenclature for the Colorado Group. The 
current study approaches the Viking using sequence stratigraphy. 
The second sequence highstand and transgressive systems tracts 
(2HST and 2TST) are highlighted as they are the current topic of this 
study. 1Power, 1988; Boreen & Walker, 1991; Pattison, 1991; Walker 
& Wiseman, 1995. 

3.2. Study Area and Methods 

The study area encompasses central to east-central Alberta, extending from the 

Crystal Field (SW; 53.12°N, 114.33°W) down depositional dip to the Joarcam Field (SE; 

53.40°N, 113.05°W), and along depositional strike to the Sundance-Edson Field (NW; 

53.69°N, 116.78°W) extending down depositional dip to the Judy Creek Field (NE; 

54.45°N, 115.65°W; Fig. 3.3). Approximately 150 cored intervals (approximately 2906 m) 

were logged in detail to create a high-resolution facies model for the Viking Formation. 

Surfaces that separate different stratal packages, or represent a distinct bounding 

surface marked by trace fossil omission suites and/or juxtaposed facies were flagged as 

potential sequence stratigraphically significant surfaces and keyed to their geophysical 

well-log responses (Fig. 3.7). These candidate surfaces were then correlated using 1000 

wells to test whether they are stratigraphically significant. The integration of core data 

(i.e., sedimentology and ichnology) with geophysical well logs provided a significant 

dataset from which it was possible to develop a sequence stratigraphic framework 

throughout the study area. 
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Figure 3.7  Comparison of the facies and stacking patterns in core (Schultz et al., 2020). (A) 09-20-52-03W5. This core contains retrogradational stacking patterns and preserves a transgressive systems 

tract (TST) that is 12.5 m thick. The predominant facies reflect deposition in a prodelta and distal lower shoreface environment. The sand to mud ratio decreases upward and the grain size 
decreases from upper fine-grained to lower very fine grained. (B) 102/09-30-49-25W4. This core contains progradational stacking patterns and preserves a highstand systems tract (HST) that is 
approximately 28 m thick. The core preserves a shoreface succession of lower to upper shoreface environments. The sand to mud ratio increases upward and the grain size increases from silt 
to lower very fine-grained 



60 

3.2.1. Datum Selection 

The criteria for datum selection in this study were that the surface was: i) 

originally deposited horizontally or as close to paleo-sea level as possible; ii) associated 

with limited erosional relief; and, iii) identifiable and present in all sections. Schultz et al. 

(2019) demonstrated that no single stratigraphic surface in the study area possessed all 

of these characteristics for the entire Viking interval.  Instead, it was shown that five 

stratigraphic datums must be utilized in order to resolve the complex depositional 

geometries preserved in the over-thickened Viking strata of the STZ. Schultz et al. 

(2019) made clear that successions subjected to variations in syn-depositional tectonic 

activity require multiple datums to accurately correlate depositional architecture. For 

Sequence 2 of the Viking Formation in the study area, the two most effective datums are 

the Joli Fou maximum flooding surface (MFS) and the top of the Viking Formation, 

corresponding to a transgressively modified subaerial unconformity (WRS/SU). Both 

datums are interpreted to have been deposited during relative tectonic quiescence.  

These datums were used in combination with one another to accurately map the 

systems tracts of Sequence 2, particularly in areas that experienced syn-depositional 

tectonic activity. Without recognizing the role of tectonically induced over-thickening 

within the STZ, the systems tracts and their distributions could not be resolved 

accurately within the study area. Following the methodology proposed by Schultz et al. 

(2019), the MFS of the Joli Fou, the top of the Viking, and the Base of Fish Scales 

surfaces were selected and used interchangeably in order to resolve the depositional 

geometries of Sequence 2 of the Viking Formation. 
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3.3. Results 

The assumption of conventional stratigraphic models is that the stacking patterns 

of high-frequency stratigraphic cycles (whether sequences or parasequences), which are 

typically observed at sub-seismic scales, remain uniform and consistent along 

depositional strike, and are predictable down depositional-dip. However, by incorporating 

allogenic and autogenic controls into the model, the distributions of systems tracts 

become complex, resulting in significant variability in their 3D architecture. In the 

structurally controlled STZ, lateral juxtaposition of transgressive and regressive 

packages occurs in the Viking Formation adjacent to the inferred Precambrian basement 

fault margins. The area of the basin that experienced creation of the most 

accommodation space is near the southeast fault margin of the STZ.  

 The facies identified in core are described and summarized in Tables 1 and 2, 

corresponding to units of the transgressive and regressive successions, respectively. 

The facies in the study area form 5 facies associations which include: 1) shelf; 2) 

shoreface; 3) wave-dominated delta; 4) river-dominated delta; and 5) estuarine incised 

valley complexes. The estuarine complexes are summarized from previously published 

high-resolution studies conducted in various hydrocarbon fields (see Pattison, 1991; 

MacEachern and Pemberton, 1994; Pattison and Walker, 1994; Pattison and Walker, 

1998). 

3.3.1. Transgressive Systems Tract of Sequence 2 

Deposits of the TST (Table 3.1) accumulated during transgression and are 

arranged in a retrogradational stacking pattern. The TST deposits overlie a 

transgressively modified subaerial unconformity (FS/SU or WRS/SU) in proximal 

positions or a maximum regressive surface in distal portions of the study area. The TST 

deposits are overlain by a maximum flooding surface (lf- and hf-MFS) and wave 

ravinement surfaces (WRS) where the overlying successions become progradationally 

stacked. The lower-frequency genetic stratigraphic sequences range in thickness from 

4–30 m.   
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Table 3.1 Facies of the transgressive systems tract. Surfaces noted are the ones that were documented to occur in the 
Viking Formation. Note: for facies 9b, the estuarine channels do not overlie a sequence boundary. The facies 
would overlie an erosional discontinuity, however that may or may not coincide with a sequence boundary.  

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA1 – Shelf 1 - Mudstone to shale (fissile) 
- Siderite beds (1-4 cm) common 
- Silt laminae 

BI = 0-1 
Chondrites, Planolites, Phycosiphon 

Shelfal MRS MFS 

FA2 – 
Shoreface 

2 - Mudstone to silty mudstone 
- vfL-fL sand and silt interbeds 0.5 – 2 cm 
- Planar parallel lamination 

BI = 3 – 5 
Asterosoma, Chondrites, 
Helminthopsis, Phycosiphon, 
Planolites, Zoophycos 

Distal Offshore MRS MFS 

3a - Sandy mudstone to sandy siltstone 
- vfL-fL sand laminae and beds (1 – 4 cm) 

BI = 4 – 5 
Chondrites, Cylindrichnus, 
Helminthopsis, Palaeophycus, 
Phycosiphon, Planolites, 
Thalassinoides, Zoophycos 

Proximal 
Offshore 

MRS MFS 

4a - Bioturbated sandy mudstone to muddy 
sandstone 
- Bioturbated horizons may be interspersed 
with thin tempestites containing hummocky 
cross stratification to wavy bedding 
- vfU-fU sand 

BI = 3 – 5 
Asterosoma, Chondrites, 
Diplocraterion, Palaeophycus, 
Planolites, Phycosiphon, Rosselia, 
Schaubcylindrichnus freyi, 
Thalassinoides 

Lower 
Shoreface 

MRS MFS or 
WRS 

FA4 – River-
dominated 
delta 

7a - Heterolithic succession that ranges from 
sandstone to siltstone to mudstone 
interbeds 
- mud to vfL sand 
- Carbonaceous debris and wood 
fragments 

BI = 2 – 5 
Asterosoma, Chondrites, 
Helminthopsis, Palaeophycus, 
Planolites 

Prodelta MRS MFS or 
WRS 

10 - Sandstone 
- mL-mU sand 

BI = 0 – 2 Bay-Head 
Delta 

FS/SU WRS 



63 

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA5 – Wave-
influenced 
incised 
estuarine 
complexes 
(MacEachern 
and 
Pemberton, 
1994; Pattison 
and Walker, 
1994) 

- Trough cross stratification, current ripple 
lamination 
- Minor interbedded mudstones 

Arenicolites, Cylindrichnus. 
Diplocraterion, Palaeophycus, 
Phycosiphon, Planolites, 
Macaronichnus, Thalassinoides 

11 - Heterolithic succession that ranges from 
sandstone to mudstone dominated 
- Wave ripple lamination, wavy bedding, 
low-angle lamination, combined flow ripple 
lamination, current ripple lamination 
Mud beds and vfU-fU sand 

BI = 0 – 5 
Asterosoma, Chondrites, 
Helminthopsis. Palaeophycus, 
Planolites, Teichichnus, 
Thalassinoides 

Central Basin FS/SU WRS or 
MFS 

9b - Sandstone to conglomerate 
- mL sand to pebble-sized clasts 
- Trough cross stratification, current ripple 
lamination, low-angle planar lamination 
 
Note: Bioturbation is not observed in the 
conglomerate successions 

BI = 0 – 2 
Arenicolites, 
Chondrites, Conichnus, 
Cylindrichnus, Diplocraterion, 
Macaronichnus, Ophiomorpha, 
Palaeophycus, Planolites, Skolithos, 
Teichichnus. 

Estuarine 
Channel 
Complexes – 
may include 
tidal channels, 
distributary 
channels or 
fluvial 
channels 

N/A WRS or 
MFS 

12 - Sandstone with interlaminated mudstones 
- Current ripple lamination, trough cross 
stratification, planar parallel stratification 
fL-mU sand 

BI = 2 – 4 
Arenicolites, Diplocraterion, 
Ophiomorpha, Palaeophycus, 
Planolites, Rosselia, Siphonichnus, 
Teichichnus, Thalassinoides  

Mouth Bar 
Complexes 

FS/SU WRS or 
MFS 
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The facies associations recorded during transgression include shelfal (FA1), 

shoreface (FA2), river-dominated delta (FA4) and incised estuarine complexes (FA5; 

Table 3.1). The shoreface and river-dominated deltaic deposits that are preserved 

generally constitute only the distal expressions of these environments. The shoreface 

deposits record distal offshore, proximal offshore and lower shoreface subenvironments. 

The river-dominated deltaic deposits mainly record prodeltaic subenvironments (Fig. 

7A). In proximal positions where the TST overlies a transgressively modified SU (i.e., 

FS/SU or WRS/SU), lower shoreface and prodeltaic deposits are preserved. These units 

generate an overall fining-upwards succession composed of retrogradationally stacked, 

high-frequency GSS. 

The estuarine incised valley complexes also overlie a transgressively modified 

subaerial unconformity (FS/SU or WRS/SU) and record bayhead delta, central basin, 

channel complexes and estuary mouth depositional subenvironments (Table 3.1). The 

estuarine deposits are contained within a valley complex that was incised during base-

level fall of the FSST. Deposits would have begun to accumulate during the LST, with 

much of the valley filling during the TST. The incised valley deposits of the Viking Fm 

typically range in thickness from 11–30 m. 

Retrogradational Stacking 

Retrogradationally stacked deposits are a characteristic stratal architecture 

associated with transgression and shoreline retreat. The diagnostic features of this type 

of stratal stacking are upward decreases in both grain size and sand-to-mud ratio, 

leading to an overall fining upwards of the succession. Adjacent to the SE margin of the 

STZ, the Viking Formation is intersected by wells that show this retrogradational stratal 

stacking pattern in Sequence 2, characterized by 2–5 high-frequency GSSs that are 

separated by high frequency maximum flooding surfaces (HF-MFS; Fig. 3.7A). Where 

the high-frequency GSSs are thin (0.5–3 m), cored intervals are required in order to 

reliably delineate any flooding surfaces that may be present within the overall fining 

upwards of the transgressive unit. However, the maximum flooding surfaces (MFS) 

remain readily identifiable at the top of the fining-upward transgressive units. The extent 

of this stacking pattern is limited to areas adjacent to the fault margins of the STZ, where 

the zones of highest accommodation occurred. 
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Well Log Response 

In areas where core is not available, patterns on GR logs were the most useful 

when constructing cross sections for correlation. In general, the transgressive systems 

tract is characterized by an overall increase in GR-API. The high-frequency GSSs that 

form this stacking pattern exhibit a progressive decrease in sand content upwards and a 

corresponding decrease in grainsize. In heterolithic successions of Sequence 2 of the 

Viking Fm, maximum flooding surfaces are mappable at the top of each individual fining-

upward trend, whereas flooding surfaces may have no expression on well logs, and may 

not even form within the fining upwards and increasing GR-API trends (Fig. 3.7A). 

In the over-thickened, retrogradationally stacked, high-frequency GSSs of 

Sequence 2, the MFS of higher hierarchical rank occurs stratigraphically higher in the 

succession and caps thicker packages (3–12 m) in the TST. The MFS that caps the TST 

deposits is expressed by a significant increase in GR-API. Above the surface, there is a 

gradual decrease in the GR-API, reflecting the gradual introduction of sandier material, 

marking the onset of normal regression. 

3.3.2. Highstand Systems Tract of Sequence 2 

Deposits of the HST represent normal regression and produce progradational 

stacking patterns that overlie the MFS. In the current study, HST deposits overlie both 

hf- and lf-MFS, as well as coplanar WRS/SU in some scenarios. The deposits are 

variably overlain by a regressive surface of marine erosion (RSME), a SU, or a lf-MFS. 

The HST deposits of the Viking Fm contain stacked higher-frequency sequences that 

form an overall progradational and coarsening-upwards succession. The lower-

frequency genetic stratigraphic sequences range in depositional thickness from 5 – 35 

m, depending on the accommodation available during deposition. 
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Table 3.2  Facies of the highstand systems tract. Surfaces noted are the ones that were documented to occur in the 
Viking Formation. 

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA1 – Shelf 1 - Mudstone to shale (fissile) 
- Siderite beds (1-4 cm) common 
- Silt laminae 

BI = 0-1 
Chondrites, Planolites, Phycosiphon 

Shelfal MRS MFS 

FA2 – 
Shoreface 

2 - Mudstone to silty mudstone. 
- vfL-fL sand and silt interbeds 1 – 3cm. 
- Planar parallel lamination. 

BI = 3-5 
Chondrites, Helminthopsis, 
Phycosiphon, Zoophycos 

Distal Offshore MFS CC 

3b - Silty to sandy (vfL) mudstone. 
- vfL-fL sand laminae to beds (1 – 4 cm). 

BI = 3-5 
Chondrites, Helminthopsis, 
Phycosiphon, Planolites, 
Thalassinoides, Zoophycos 

Proximal 
Offshore 

MFS CC 

4a - Bioturbated sandy mudstone to muddy 
sandstone. 
- fL-mL sand. 
- Wave ripple lamination to wavy bedding. 
- Basal surface is abrupt to gradational. 

BI = 2-5 
Asterosoma, Chondrites, 
Palaeophycus, Phycosiphon, 
Planolites, Rosselia, 
Schaubcylindrichnus freyi, 
Siphonichnus, Thalassinoides 

Lower 
Shoreface 

MFS CC, 
WRS/SU 
or RSME 

4b - Sandy mudstone to sandstone. 
- Interbedded bioturbated and non-
bioturbated beds (“lam-scram”). 
- fL-mL sand. 
- Wave ripple lamination, wavy bedding, 
hummocky cross stratification. 

BI = 0-5 
Asterosoma, Diplocraterion, 
fugichnia, Palaeophycus, 
Schaubcylindrichnus freyi, 
Teichichnus, Zoophycos 
 

Storm-
Dominated 
Lower 
Shoreface 

MFS CC, 
WRS/SU 
or RSME 

5 - Muddy sandstone and silty mudstone. 
- fL-mL sand. 
- Hummocky cross stratification to wave 
ripple lamination. 

BI = 1-4 Middle 
Shoreface 

MFS CC, 
WRS /SU 
or RSME 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

Cylindrichnus, Palaeophycus, 
Phycosiphon, Planolites, 
Rhizocorallium, Rosselia, 
Schaubcylindrichnus coronus, 
Thalassinoides 

6 - Muddy sandstone to sandstone. 
- mL-vcL sand. 
- Trough cross stratification, current ripple 
lamination, planar lamination, hummocky 
cross stratification, wavy bedding, combined 
flow ripples. 

BI = 1-4 
Diplocraterion, Palaeophycus, 
Skolithos 

Upper 
Shoreface 

MFS WRS /SU 
or RSME 

FA3 – Wave-
dominated 
delta 

7a - Heterolithic succession that ranges from 
interbedded sandstone with siltstone and 
mudstone. 
- mud to vfU sand. 
- Wave ripple lamination, wood fragments, 
carbonaceous debris. 
- Soft-sediment deformation is rare. 

BI = 2-4 
Asterosoma, Chondrites, 
Palaeophycus, Phycosiphon, 
Planolites, Schaubcylindrichnus freyi, 
Teichichnus 

Prodelta MFS CC, 
WRS/SU 
or RSME 

8a - Sandstone interbedded with silty mudstone 
and muddy siltstone. 
- fU-cU sand. 
- Low angle laminations, wave ripple 
lamination and planar parallel lamination. 

BI = 0-3 
Diplocraterion, Palaeophycus, 
Planolites, Skolithos, 
fugichnia 

Delta Front MFS WRS/SU, 
CC or 
RSME 

FA4 – River 
dominated 
deltas 

7b - Heterolithic succession of interbedded silty 
mudstone and sandstone. 
- mud to vfU sand. 
- Wavy bedding, convolute bedding, soft 
sediment deformation, wood fragments, 
carbonaceous debris. 

BI = 1-3 
Chondrites, Palaeophycus, Planolites, 
Thalassinoides 

Prodelta MFS SU, CC 
or 
WRS/SU 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

8b - Sand-dominated heterolithic succession. 
- mud to fL sand. 
- Trough cross stratification, low angle 
lamination, combined flow ripple lamination. 
 

BI = 0-2 
Diplocraterion, Palaeophycus, 
Planolites, Skolithos 
fugichnia 

Delta Front MFS or lf-
MFS 

SU, CC 
or 
WRS/SU 

9a - fL-mL sand 
- Trough cross stratification 
- Minor amounts of carbonaceous debris 
along bedding planes. 

BI = 0-2 
Ophiomorpha, Palaeophycus 

Distributary 
Channel 
Complexes 

N/A WRS/SU 
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The facies associations that accumulated during the HST record shelfal (FA1), 

shoreface (FA2), wave-dominated delta (FA3) and river-dominated delta (FA4) 

environments (Table 3.2). The shoreface successions encompass the deposits that 

accumulated from the distal offshore through to the upper shoreface (Fig. 3.7B). The 

river- and wave-dominated deposits include prodelta, delta front and distributary channel 

complexes. These deposits are typically arranged in a coarsening-upwards succession 

reflecting distal overlain by proximal facies. The offshore, lower shoreface, middle 

shoreface and prodeltaic deposits downlap onto a lf- or hf-MFS. 

Progradational Stacking 

Progradationally stacked, high-frequency GSSs are the characteristic 

depositional trend associated with overall regression of the shoreline, and are typically 

associated with the highstand systems tract. In addition, these high-frequency GSSs in 

Sequence 2 coincide with parasequences, owing to the reduced development of 

transgressive facies (i.e., flooding surfaces coincide with maximum flooding surfaces). 

Within the STZ, the majority of mapped deposits comprise progradationally stacked, 

high-frequency cycles, and display an overall coarsening-upwards trend (Fig. 3.7B). 

There are significantly more cored intervals of the highstand systems tract of Sequence 

2, constituting some 30 logged cores of this study. The thicknesses of individual high-

frequency progradational cycles ranges from 1.5–12 m, forming HST cycle sets that 

range from 5–25 m in thickness. 

Well Log Response 

Progradationally stacked, high-frequency GSSs (and coincident parasequences) 

of Sequence 2 are well documented in core, allowing for a variety of well-log responses 

to be identified for the deposits. In general, the progradationally stacked sections exhibit 

an overall decrease in GR-API. The internal cyclicity of the longer term progradational 

trend becomes subtler in heterolithic deposits, but the overall decrease in GR-API is 

preserved. The expression of the higher rank MFS is variable depending on the 

thickness of the underlying TST deposits and the position of the surface in the 

stratigraphic column. In sections where HST deposits are over-thickened, the MFS is 

expressed as a sharp increase in GR-API. 
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3.3.3. Cross Sections 

Cross Section A – A’ 

Initial recognition of tectonically induced over-thickening in the Viking Formation 

was encountered along the approximate lowstand paleoshoreline trend of Sequence 2, 

preserved between the producing fields of Judy Creek (SW) and Joarcam (SE) (Schultz 

et al., 2019; Fig. 3.8). This is expressed in cross-section A–A’, wherein the HST deposits 

of Sequence 2 become markedly over-thickened relative to correlative deposits that 

occur outside the flanking margins of the STZ (Fig. 3.8). Across the inferred fault 

margins of the STZ, the surfaces that are identified above the transgressively modified 

maximum regressive surface (2WRS/MRS) are observed to “rise up” to an apex in the 

vicinity of the 01-30-55-24W4 well.  When selecting the Joli Fou MFS datum, the 

deposits below the highstand of Sequence 2 (2HST) (i.e., the lowstand shoreline of 

Sequence 2) can be easily correlated and show only limited changes in thickness along 

depositional strike. 

Along A-A’, the transgressive systems tract of Sequence 2 (2TST) deposits are 

thin and range in thickness from 0–8 m. The highstand systems tract of Sequence 2 

(2HST) deposits are significantly over-thickened and range in thickness from 6–35 m. 

The highstand deposits are progradationally stacked in this area, preserving 1–5 GSS. 

The overthickened successions that are intersected between the 06-32-60-05W5 

and the 07-14-53-23W4 wells are characterized by river-dominated deltaic deposits (Fig. 

3.8). This facies association (FA4) contains well-preserved expressions of prodeltaic, 

delta front and distributary channel complexes. The prodeltaic deposits are heterolithic, 

predominantly characterized by silty mudstone interbedded with sandstone. The 

bioturbation in these areas is minimal and preserves low-diversity trace fossil suites. 

Along the flanking margins of the STZ, the deposits tend to reflect deposition in a 

shoreface environment (FA2). As this cross section is oriented along a distal 

paleoshoreline position, the deposits in the second sequence reflect distal expressions 

of FA2. Typically, lower shoreface and proximal offshore deposits are preserved in the 

2TST and 2HST deposits in this area. These deposits are characterized by greater 

intensities of bioturbation and more diverse trace fossil suites (Tables 3.1 and 3.2). 
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Figure 3.8  Previous page. Cross sections in the along-strike orientation 
(Schultz et al., 2020). For legend see Figure 3.9. The second 
sequence of Viking deposition is contained between the subaerial 
unconformities labelled 2SU and 3SU. The stepped lines represent 
the evolution of the high-frequency maximum flooding surface (hf-
MFS) in the study area. 

Cross Section B – B’ 

The along-strike line of section B–B’ intersects the area of the Viking Formation 

that contains coeval deposition of both retrogradationally and progradationally stacked 

strata (Fig. 8). The TST and HST deposits of Sequence 2 within the STZ are markedly 

over-thickened relative to their counterparts along the flanking margins at Kaybob 

(NNW) and the up-dip deposits of Joarcam (SSE). The stratigraphic position of the 

2MFS is highly variable within the stratigraphic column, and occurs progressively higher 

in the stratigraphic succession between the 07-20-56-08W5 and 09-20-52-03W5 wells, 

where it caps thicker and longer-lived transgressive intervals (Fig. 8). Correspondingly, 

the MFS must be drawn as a stepped line in this section in order to demonstrate the 

clear coeval relationship between HST and TST deposits that lie adjacent to one 

another. 

Along B – B’, the 2TST deposits range in thickness from 1–20 m, with the 

thickest units preserved adjacent to the SE margin of the STZ (approximate position of 

STZ near 05-25-50-28W4; Fig. 8). The 2TST deposits are retrogradationally stacked, 

preserving 1–4 high frequency GSS. The 2HST deposits range in thickness from 8–30 m 

and preserve 1–5 high frequency GSS. In the over-thickened 2TST deposits between 

the 14-17-54-05W5 and the 102/09-30-49-25W4 wells, the dominant facies associations 

that are intersected are shoreface (FA2) and river-dominated deltas (FA4), and typically 

preserve the distal expressions of both (Fig. 8). The most common facies that are 

observed in this section are those associated with distal offshore, proximal offshore, 

lower shoreface and prodeltaic environments.  

The 14-17-54-05W5 and 05-25-50-28W4 wells contain both retrogradational and 

progradational stacking patterns in Sequence 2. In these areas, there is a gradual shift 

from the retrogradational stacking patterns of the TST to progradational stratal 

architectures of the HST. In wells that occur outside of this area, TST deposits tend to be 

thinner, ranging in thickness from 0.1–3.0 m. In these wells, the stratigraphic position of 
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the MFS is lower in the section, indicating that the transgressive deposits were shorter 

lived in this area.  

Cross Section C – C’ 

The dip-oriented cross section C–C’ trends from the fluvial deposits of Sequence 

2 in the Cyn-Pem field (W) (see Pattison, 1991) to deltaic deposits at Westlock (E) in 

east-central Alberta. C–C’ is positioned in the middle of the STZ, where increased of 

accommodation was documented. Along this section, coeval deposition of 

retrogradational and progradational strata was not observed within the STZ. In this area, 

Sequence 2 consists entirely of over-thickened deposits of the HST (Fig. 3.9).  

Along C – C’, the 2HST deposits are significantly over-thickened relative to the 

thinner 2TST deposits preserved in this area. The 2HST deposits range in thickness 

from 12–25 m and preserve 3–5 high frequency GSS. The underlying 2TST deposits 

range in thickness from 0–5 m and preserve 1 high frequency GSS. 

The central area of the STZ (2HST) contains river- and wave-dominated deltaic 

facies associations (FA3 and FA4), intersecting distributary channel, mouthbar, delta 

front, and prodeltaic deposits. Channel deposits are common in the area, but 

unfortunately have been rarely intersected in cored wells and are most typically 

observed on geophysical well logs. The deposits generally contain a low degree of 

bioturbation that is commonly accompanied by a low-diversity trace fossil suite. 
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Figure 3.9  Previous page. Cross sections in the dip orientation (Schultz et al., 
2020). 

Cross Section D – D’ 

The position of the 2MFS varies markedly along the dip-oriented section of D–D’. 

This section trends from estuarine incised valley deposits at Crystal (SW) (see Reinson 

et al., 1988; Pattison, 1991; and Pattison and Walker, 1994) towards the eastern limit of 

the Westlock / Redwater fields (E), effectively following the SE margin of the STZ. Along 

this line of section, the stratal stacking patterns of Sequence 2 change over a short 

spatial extent and exhibit a high degree of irregularity (Fig. 3.9). D–D’ contains 2 

instances of the juxtaposition of progradational and retrogradational stacking patterns. 

The 09-20-52-03W5 well records a proximal expression of coeval deposition. The sharp-

based TST was likely initially ravined during transgression.  

Along D – D’, the 2HST and 2TST deposits are over-thickened. The 2HST 

succession ranges from 10–30 m thick, and preserves 1–4 high-frequency GSSs. The 

2TST interval ranges in thickness from 5–30 m, and preserves 1–4 high-frequency 

GSSs. Both retrogradational and progradational stacking patterns are preserved along 

this section.  

These deposits adjacent to the STZ comprise a mix of shoreface and deltaic 

facies associations. There are only a very limited number of cored intervals that occur 

near the fault margins, making correlations in this section challenging. The up-dip facies 

preserved close to the 03-10-49-02W5 and 09-20-52-03W5 wells record a combination 

of deltaic and shoreface deposition. The down-dip facies are characteristic of deposition 

in river-dominated deltas. 

3.4. Discussion 

3.4.1. Allogenic vs. Autogenic Controls on Coeval Deposition of 
Transgressive and Regressive Units 

Coeval deposition can occur on a basin-wide scale or at the sub-basinal level, 

owing to allogenic controls, autogenic controls, or a combination of both (see 

Catuneanu, 2019a). The coeval deposition of retrogradational and progradational stratal 

stacking patterns preserved in the Viking Formation is interpreted to have resulted from 
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a combination of allogenic controls and autogenic processes. Allogenic controls 

constitute the dominant factor. The position of base-level post-LST in Sequence 2 

dictated the position of the paleoshorelines and the increase of accommodation space 

within the basin. The variability in the architecture of the paleoshorelines was primarily 

controlled by differential subsidence along depositional strike owing to the localized 

tectonic reactivation of the Precambrian basement. The differential subsidence of the 

STZ led to the creation of this spatially variable accommodation and the development of 

subtle topographic lows in central Alberta (Fig. 3.2; Schultz et al., 2019). Any change in 

topography during deposition appears to have been sufficient to capture and redirect the 

flow of trunk fluvial systems, resulting in the concentration of river-dominated deltaic 

facies within the STZ and adjacent to the SE flank of the fault zone. Elsewhere, wave-

dominated shorefaces characterize most deposition along the paleoshorelines. 

Autogenic processes served a subordinate role, in that they contributed to the 

internal complexity of the high-frequency GSSs comprising the laterally juxtaposed 

progradationally and retrogradationally stacked stratal patterns. This internal complexity 

is largely restricted to the deltaic intervals, wherein autogenic avulsion of delta lobes led 

to high frequency flooding surfaces and localized subsidence accompanying gradual 

lobe abandonment. As a delta lobe switches, it is possible to create complex stratal 

stacking patterns over relatively short distances. As well, the degree of delta asymmetry 

may also contribute to complex stacking patterns (Korus and Fielding, 2015; Longhitano 

and Steel, 2016). Wave energy, climate, and the intensity of longshore drift in a basin 

will affect how sediment is redistributed along the shoreline. Some areas may become 

sediment starved leading to retrogradation, while other areas may see delta lobes 

building out into the basin, and reflect local progradation. Finally, the differential delivery 

of sediment via fluvial discharge occurring concurrently with the allogenic controls 

contributed to the architectural complexity observed in this area. Without the differential 

tectonic subsidence in the basin and its concomitant increase in accommodation, it is 

unlikely that the rivers would have preferentially drained into the STZ. Hence, tectonic 

subsidence (allogenic) created the accommodation, and its spatial variation along 

depositional strike dictated where fluvial sediment delivery occurred (autogenic). As the 

deltaic systems evolved, and possibly changed into estuaries during short-term 

transgressions, internal complexities were created which further complicated the 

stratigraphic relationships. 
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3.4.2. Diachroneity of the Maximum Flooding Surface (MFS) 

The diachroneity expressed by the MFS is negligible in the down-dip direction as 

there is only one point in time when the shoreline trajectory changes from retrogradation 

to progradation at a particular location (Catuneanu 2002). However, in the along-strike 

orientation, the surface may record a high degree of diachroneity due to marked 

variability in subsidence and sedimentation rates along the shoreline (e.g., Galloway, 

1989; Catuneanu et al., 1998; Plint and Nummedal, 2000; Magalhaes et al., 2015; 

Catuneanu, 2019a). 

In areas where coeval deposition of transgressive and regressive units occurred, 

the MFS can become a highly diachronous surface with a degree of diachroneity that 

can even be demonstrated biostratigraphically. For example, diachronous changes 

between transgressions and regressions along the proximal shoreline of the Montana 

Group Upper Cretaceous Western Interior Seaway cross ammonite biozone boundaries 

(Gill and Cobban, 1973). Areas of the basin experiencing higher degrees of subsidence 

typically preserve a thicker transgressive succession, with a younger MFS residing at a 

higher stratigraphic position (Jones et al., 2018; Fig. 3.1). By contrast, areas that 

preserve thicker regressive units have an older MFS lying in a lower stratigraphic 

position, reflecting the rapid and earlier influx of sediment into the basin that terminated 

transgression. Under such conditions, the MFS makes a poor stratigraphic datum. 

Stratigraphic surfaces of all scales (e.g., high vs. low frequency MFSs in our 

study) have the potential to be diachronous. Our work indicates that within the specific 

context of the study area, the rates of diachroneity increase with the hierarchical rank of 

the surface. In this case, the higher rank MFS cannot be expressed as a single line on 

the cross section; rather it should be expressed as a stepped line in order to show 

progressive change in coeval facies (Figs. 3.1; 3.8; 3.9). A single line for a higher rank 

MFS that tries to connect the stratigraphically higher top of an over-thickened TST with 

the stratigraphically lower base of an HST necessarily crosscuts stratigraphic surfaces of 

lower hierarchical rank that possess lower magnitudes of diachroneity. In such 

situations, a stepped line marking the MSF better expresses the actual relationship 

between the coeval TST and HST systems tracts. In other situations, where the degrees 

of diachroneity of surfaces of different hierarchical ranks are roughly equal, diachronous 

surfaces may still be traced as single lines on cross sections. 
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3.4.3. 3D Shoreline Variability 

Sequence stratigraphic frameworks are commonly well expressed with 1D and 

2D datasets that include well logs, core and seismic lines (Catuneanu, 2019a). The 

observations that are made from these datasets allow the identification and delineation 

of systems tracts and their bounding sequence stratigraphic surfaces. When correlating 

these systems tracts to create 3D models, variability in the stratigraphic architecture 

invariably results from the complex interplay of sedimentation and changing available 

accommodation (Catuneanu and Zecchin 2016; Madof et al., 2016; Catuneanu, 2019a).  

The syn-depositional reactivation of the STZ led to spatially and temporally 

variable changes in accommodation across central Alberta, and largely explains the 

changes in depositional geometries and stratal stacking patterns within systems tracts, 

particularly in Sequence 2 of the Viking Fm Within the STZ, significant shifts in the 

paleoshoreline trajectory occurred following tectonic activity during the deposition of late 

2TST and early 2HST. Due to the newly created accommodation space, the initial 

response of the shoreline was to backstep towards the SW. Along the flanking margins, 

accommodation remained relatively the same, and the paleoshorelines are observed to 

have undergone progradation. This relationship of coeval deposition of transgressive 

and regressive intervals continued to occur until sedimentation rates outpaced the rise in 

base-level within the STZ. This introduces significant changes in the along-strike 

orientation of systems tracts.  

The internal cyclicity of longer-term progradational trends can be described either 

in terms of sequences or parasequences, as maximum flooding surfaces and flooding 

surfaces coincide at the scale of lower rank cycles. However, the internal cyclicity of 

longer-term retrogradational trends is best described by high-frequency sequences, as 

only maximum flooding surfaces can be observed at the limit between lower rank cycles. 

Therefore, high-frequency GSSs provide a more reliable alternative for the definition of 

lower rank building blocks (i.e., internal cyclicity) of the longer-term progradational and 

retrogradational systems tracts. 
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3.4.4. Shoreline Evolution During Viking Deposition 

The paleoshorelines of Sequence 2 display significant along-strike variability, 

predominantly within the highstand and transgressive systems tract deposits. During 

mapping, the 2nd sequence lowstand paleoshoreline trend was mapped along 

depositional strike between Judy Creek and Joarcam / Beaverhill Lake (Fig. 3.8). The 

Viking does not exhibit a significant change in depositional thickness in the falling stage 

and lowstand deposits for this interval, suggesting that deposition occurred during a 

period of relative tectonic quiescence (Schultz et al., 2019).  

The timing of reactivation can be constrained by creating a high-resolution model 

that maps the position of the high-frequency GSSs. The basin appears to have been 

undergoing a switch from the transgressive systems tract to the highstand systems tract 

when the basement structures became reactivated, creating new accommodation within 

the STZ. The response of the paleoshoreline was to shift in a landward direction in the 

areas of higher accommodation and basinward in areas of lower accommodation and/or 

higher sedimentation rates. In areas where the shoreline began to shift in a landward 

direction, thicker transgressive deposits began to accumulate and produce a 

retrogradational stacking pattern (Fig. 3.10: see high-frequency sequences 1–4). The 

result of this is a change in trajectories of the paleoshoreline as one area continues to 

build out into the basin while another area backsteps in a landward direction. This 

complex relationship led to the preservation of coeval transgressive and regressive units 

in the STZ. 

The topographic low that was created during tectonic reactivation is interpreted to 

have captured and redirected the flow of trunk fluvial channels, effectively concentrating 

sediment delivery into the areas of new accommodation. As the rivers adjusted their 

grade, sediment began concentrating near the SE margin of the STZ, effectively 

terminating the longer-lived transgression in the area (Fig. 10: see high-frequency 

sequences 5 and 6). The HST deposits that cap these over-thickened transgressive 

units (Figs. 3.8; 3.9) are thinner, indicating a shorter-lived period of highstand in this 

area. 
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Figure 3.10  The evolution of the shoreline systems of Sequence 2 (Schultz et al., 
2020). Retrogradational stacking patterns are intersected adjacent to 
the south-east margin and within the Snowbird Tectonic Zone. The 
yellow stars represent the well locations of the two cored intervals 
that record retrogradational stacking patterns. Red stars are the 
progradational stacking patterns of cores that were used for facies 
analysis. The numbers represent the evolution of the 
palaeoshoreline during Viking deposition, with ‘1’ representing the 
oldest palaeoshoreline and ‘6’ representing the youngest 
palaeoshoreline. These represent high-frequency maximum flooding 
surfaces of high-frequency sequences. 

 

3.4.5. Modern Examples of Coeval Deposition of Transgressive and 
Regressive Strata 

Modern environments offer the best insight into potential shoreline processes 

and their resulting geometries. Aerial photography of coastlines taken over the last 60 
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years highlights the changes in various coastal morphologies and allows us to track 

trends of progradation and retrogradation. As well, it is possible to map the extents of 

depositional systems (i.e., estuaries to deltas) along a single coastline. 

Modern depositional systems demonstrate the range of stratal stacking patterns 

and facies relationships that may be intersected when mapping subsurface units. On the 

Cauvery coast of east India, an active fault zone controls the depositional architecture of 

a modern delta and estuary (Fig. 3.11A; Catuneanu, 2019a). As the fault undergoes 

movement accommodation is created on the southeastern flank causing the shoreline to 

retreat; this results in the formation of an estuary. At the same time, the northwestern 

flank of the fault zone records lower accommodation rates than the southeast flank 

resulting in the progradation of deltas and strandplains. 

Autogenic controls on sediment distribution can also be a significant factor that 

leads to coeval progradation and shoreline retreat. The Po Delta in the Adriatic Sea 

serves as an example of autogenic controls that lead to shoreline variability. In the Po 

Delta, longshore drift of sediment created a progradational shoreline downdrift from 

sediment input while a contemporaneous retrogradational shoreline lies updrift of this 

input (Fig. 3.11B; Catuneanu, 2019a). 

 



82 

 

Figure 3.11  Modern analogues that demonstrate the coeval relationship of 
retrogradational and progradational stacking patterns (Catuneanu, 
2019a). (A) Cauvery coast of India. An active fault margin controls 
the depositional architectures of a modern delta (label ‘A’), 
strandplain (label ‘B’) and estuary (label ‘C’). In this area, higher 
subsidence is recorded on the estuary side (south-east of fault), 
leading to a zone of increased accommodation and the 
backstepping of transgressive facies. Lower subsidence is recorded 
to the north-west of the fault zone, leading to a zone of decreased 
accommodation. Progradational ‘A’ and ‘B’ stacking patterns are 
juxtaposed with retrogradational ‘C’ stacking patterns across a fault 
margin. (B) Po Delta, Italy. Variations in sedimentation and 
longshore drift lead to the juxtaposition of progradational and 
retrogradational stacking. HNR = highstand normal regression. S = 
sedimentation. A = accommodation. T = transgression. 

3.4.6. Ancient Examples of Coeval Deposition of Transgressive and 
Regressive Strata 

Many ancient depositional systems likely experienced similar scenarios of 

coevally deposited transgressive and regressive strata, but documented examples are 

not widely reported (notable exceptions include: Gill and Cobban, 1973; Wehr, 1993; 

Fulthorpe and Austin, 2008; Madof et al., 2015; Madof et al., 2016; Milli et al., 2016). 

Reasons for the general paucity of reported examples of coeval transgressive and 

regressive strata may include: i) ancient studies reside at a higher-resolution of 
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observation that does not permit the correlation of individual shoreline shifts; ii) the areal 

extent of regional studies are perhaps too broad to document discrete changes in 

stacking patterns; iii) in low accommodation basins, coeval transgressive and regressive 

strata may have poor preservation potential and/or were removed during subsequent 

erosional events; iv) the concept of coevally deposited regressive and transgressive 

strata has not been considered; and/or, v) the studied basins are underexplored and not 

enough data are available to allow for such detailed correlations to be produced. 

Analyzing modern coastal environments yields significant insights into potential shoreline 

geometries that may be preserved and intersected in the subsurface. 

One well documented account of coevally deposited transgressive and 

regressive strata is recorded in a biostratigraphic study of the Montana Group in North 

and South Dakota, USA (Gill and Cobban, 1973). In their study, Gill and Cobban (1973) 

approximated the rates of sedimentation and subsidence using a compilation of 

stratigraphic, biostratigraphic and radiometric age data. Ammonite data were used to 

create distinctive biostratigraphic zones (~0.5 Ma) in order to map the evolution of 

strandplain shorelines during transgression and regression. The distribution of the 

ammonite biozone results were plotted on a plan-view map to show the evolution of 

shoreline systems in the area. Over relatively short distances, progradational, 

aggradational, and retrogradational packages are juxtaposed and interpreted to have 

been deposited concurrently (Fig. 3.12). The lobate shoreline geometries likely record 

river-dominated deltaic systems that were preferentially deposited in areas prone to high 

rates of subsidence. The sedimentation rates appear to be variable along-strike leading 

to the observation that the along-strike distribution of sediments could not easily be 

predicted. 
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Figure 3.12  The evolution of the shoreline (Mesaverde Formation) during an 
overall transgression (Schultz et al., 2020 modified from Gill & 
Cobban, 1973). The barbs on the shoreline positions (6 to 9) 
demonstrate the direction of strandline movement. X–X’ is an 
approximate representation of the coeval relationship of the 
retrogradational and progradational stratal packages. The blue 
circles represent a theoretical core through the strata. The numbers 
on the figure represent the evolution of high-frequency maximum 
flooding surfaces. This marks the evolution of the palaeoshoreline. 
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The Mannville Group in western Alberta likewise records the juxtaposition of 

TSTs and normal regressive HSTs (Wehr, 1993). Wehr (1993) showed that local 

changes in subsidence rates affected the lateral variability of systems tracts, leading to 

over-thickened transgressive and regressive packages. The results from Wehr (1993) 

indicate that two systems tracts can be markedly diachronous and may be concurrently 

deposited in different areas of the basin. Thus, the bounding surfaces that separate 

systems tracts cannot always be fixed and correlated to global eustatic curves initially 

proposed by Vail et al. (1984) and the subsequent iterations by Haq et al. (1987, 1988). 

In fact, global cycle charts are no longer used as a reference for the timing of 

stratigraphic cycles worldwide as the effects of local tectonics often results in the 

development of basin-specific stratigraphic frameworks (Posamentier and Allen, 1999; 

Catuneanu, 2019a, b).  

In the Cretaceous Cozzette Sandstone of Colorado, USA, Madof et al. (2015) 

showed that structural elements within the basement led to the creation of 

accommodation. In the zone of increased accommodation, they documented that some 

areas of the shoreline preserve a record of progradation while others show evidence of 

shoreline aggradation and retrogradation. Marginal-marine deposits were affected by 

tectonic tilting which led to creation of accommodation and the reorientation of clinoform 

rollovers. Madof et al. (2015) concluded that the accepted eustatic paradigm is a minor 

contributor to the overall stratigraphic architecture of a formation. 

3.4.7. Implications for Exploration 

Sequence stratigraphy has practical applications for resource exploration in both 

mature and frontier basins. In the former case, more data control points permit the 

refinement of the current frameworks and may lead to the discovery of new plays. In the 

latter case, the principles of sequence stratigraphy provide formulation of predictive 

models for resource exploration (Posamentier and Allen, 1999; Catuneanu, 2006). From 

a petroleum exploration perspective, understanding the complexities presented by 

reservoir bodies is integral to successful production. The geometries and reservoir 

properties of systems tracts are directly related to the process-sedimentation principles 

that are active in any given depositional system (Catuneanu, 2006). These reservoir 

properties vary in response to shoreline shifts associated with each systems tract. The 

exploration and economic opportunities therefore vary along depositional strike and 
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down depositional dip in the various systems tracts and predicting their distribution is 

required to reduce risks associated with drilling exploration wells. 

In the context of dominant HST and TST systems tracts documented in this 

study, highstands can result in the deposition of significant reservoir units, which can be 

petroleum-charged in the subsurface assuming the seal above the deposits is sufficient 

to trap and contain the hydrocarbons. Within the HST, along-strike variations in shoreline 

characteristics are generally assumed to be limited, and the range of depositional 

environments intersected constrained mainly to deltas and shorefaces. These 

depositional successions preserve a high sand-to-mud ratio and tend to occur as 

relatively thick depositional packages. If uniform progradation of the shoreline 

dominated, then exploration may be straight forward in the depositional strike direction.  

If progradation is not uniform owing to tectonic subsidence and/or autogenic 

variations in sediment supply, then there may be marked variability in the deposits along 

depositional strike. TST units that are abundant and thick are unlikely to be significant 

conventional reservoirs, with the notable exception of backstepping coastal systems. 

Hence, careful correlations along-strike must be done at the systems tract level in order 

to determine whether coeval accumulation of TST and HST deposits occurred. This level 

of detail will lead to refined and more realistic models for the exploration of resources. 

3.4.8. Implications for Other Cretaceous Units 

The convergence of allochthonous terranes with the western margin of the North 

American Craton occurred throughout the Mesozoic. It is probable that basement 

structures became reactivated during times of major convergence in the evolution of the 

Cordilleran Orogeny. Reactivated basement structures would certainly affect the 

accumulation patterns of marginal-marine depositional systems. In areas where 

basement structures and fault zones are known, careful facies analysis and correlations 

must be undertaken in order to recognize patterns of over-thickening and coevally 

deposited transgressive and regressive stratal packages. As studies in the WCSB move 

towards a data-driven stratigraphic approach, it is anticipated that the subtle facies 

changes that occur as a result of such coeval deposition of different systems tracts will 

start to become more apparent. By reconciling the 3D variability in other units, higher 
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resolution sequence stratigraphic frameworks can be constructed, and more data can be 

incorporated into identifying anomalous zones in strata. 

3.5. Conclusions 

The Viking Formation is a sequence stratigraphically complex unit that records 

periods of structural reactivation during deposition. Both allogenic and autogenic controls 

affected the 3D variability within and between systems tracts, and led to the coeval 

deposition and subsequent lateral juxtaposition of transgressive and normal regressive 

highstand deposits within the Snowbird Tectonic Zone. This study highlights the 

necessity for accurately identifying systems tracts and the surfaces that bound them on 

the basis of objective observations of stratal stacking patterns. 

A previous study of the Viking Formation documented that the Paleoproterozoic 

Snowbird Tectonic Zone became reactivated in the late Albian (Schultz et al., 2019). The 

differential subsidence of this fault zone resulted in the preservation of an anomalously 

thick sequence in central Alberta. Across the fault boundaries of the STZ, both 

progradational and retrogradational stacking patterns of over-thickened strata occur in 

broadly contemporaneous deposits. By mapping out the high-frequency genetic 

stratigraphic sequences, it is possible to understand the evolution of the paleoshoreline 

during the Upper Albian. Approximately 6 high-frequency sequences were mapped, with 

hf-GSSs 1–4 highlighting that areas adjacent to the SE margin of the STZ underwent a 

longer-lived transgression during Sequence 2 than did other areas of the basin. These 

deposits are capped by high-frequency MFS whose position in the stratigraphic column 

is variable. Areas of the basin that were deposited in lower accommodation conditions 

preserve thinner transgressive deposits, indicating that the transgression in these areas 

of the basin was shorter lived. 

Sequence stratigraphic surfaces are, in general, assumed to be somewhat 

diachronous across a basin. In this example of the Viking Fm, the higher rank maximum 

flooding surfaces are shown to be highly diachronous over a relatively short distance 

along depositional strike. Due to the fact that the MFS formed at markedly different times 

along the paleoshoreline, when relative sea level was at different positions, this 

diachronous surface may not always be regarded as near-horizontal at syn-depositional 

time, limiting its utility as a regional stratigraphic datum. Instead, multiple datums may 
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need to be selected, in order to properly restore the architecture of stratigraphic sections 

at syn-depositional time. 

Although the concept of coeval deposition of transgressive and regressive units 

is well documented in modern units, its application to ancient successions has received 

limited attention to date. The coeval accumulation of transgressive and regressive 

packages is probably more common than previously considered. The implementation of 

this concept is crucial in the construction of accurate high-resolution sequence 

stratigraphic frameworks. 
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Chapter 4.  
 
High-Resolution Sequence Stratigraphic Framework 
for the Late Albian Viking Formation in Central 
Alberta 

A version of this chapter is in preparation for submission to the Journal of Marine and 

Petroleum Geology. 

4.1. Introduction 

High-resolution sequence stratigraphic correlations require a detailed 

characterization of facies and facies associations, and identifying bounding surfaces. 

This ensures that facies and facies associations are accurately assigned to their 

corresponding environments of deposition and requisite systems tracts. The Lower 

Cretaceous (late Albian) Viking Formation (Fm) is a stratigraphically complex succession 

whose depositional history can only be discerned by undertaking a high-resolution 

approach to the mapping of its deposits. To date, low-resolution regional correlations 

have been completed for the Viking Fm (e.g., Pattison, 1991; Roca et al., 2008), but a 

high-resolution regional sequence stratigraphic analysis has not been completed. Owing 

to its complex history of deposition and generally low accommodation conditions, a 

comprehensive core study of the Viking Fm was undertaken to identify key stratigraphic 

surfaces and correlate them regionally. 

4.2. Viking Formation 

4.2.1. Viking Production 

The Viking Fm is a prolific hydrocarbon producer that has an estimated 

remaining 58 million barrels of original oil in place and has been a production target 

since the early 1950s (Canadian Energy Regulator, 2011). Most of the conventional 

reservoirs that have been identified in the Viking Fm produce from thin, linear shoreline 

and estuarine incised valley deposits. Unconventional or tight oil “halo” plays are also 

being targeted as conventional reservoirs become increasingly challenging to find in the 
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highly explored Western Canada Sedimentary Basin (WCSB). Each systems tract tends 

to have unique spatial distributions, depositional architectures, and sedimentary facies 

all of which result in variable reservoir properties throughout the Viking Fm As such, 

assigning sedimentary successions to their correct systems tracts can be crucial for 

properly assessing the hydrocarbon potential of a given area. A high-resolution 

stratigraphic framework must therefore be constructed to facilitate future assessments of 

the economic benefits of and production risks associated with these unconventional 

plays. 

4.2.2. Previous Work 

The ‘Viking’ was informally defined by Slipper (1918) in east-central Alberta 

during a study of the newly discovered Viking-Kinsella gas field. The initial framework for 

the Viking focused on a lithostratigraphic approach, in which relatively sandstone-rich 

intervals were mapped between the underlying marine shale of the Joli Fou Fm and the 

overlying unnamed marine shale of the Colorado Group (Stelck, 1958). The Viking 

“Sand” was placed within the Colorado Group by Hunt (1954) and was elevated to 

formation status by Stelck (1958). Formal nomenclature for the Colorado Group was 

proposed by Bloch et al. (1993) who defined the unnamed marine shale between the 

Viking Fm and the Base of Fish Scales Marker as the Westgate Formation. Since these 

lithostratigraphic studies, various allostratigraphic frameworks and their subsequent 

iterations have been proposed for Albian strata across the WCSB (e.g., Boreen and 

Walker, 1991; Pattison, 1991; Walker and Wiseman, 1995; Burton and Walker, 1999; 

MacEachern et al., 1998; Roca et al., 2008; Plint et al., 2012a; see Fig. 4.1). 

The Viking Fm is a complex interval that comprises numerous facies successions 

bounded by stratigraphic discontinuities and their conformable equivalents. Surfaces and 

deposits record the positions of paleoshorelines as they shifted during the late Albian. 

Facies successions in the Viking encompass a range of depositional environments, 

including shorefaces (e.g., Power, 1988; Pemberton et al., 1992; Raychaudhuri et al., 

1992; MacEachern et al., 1999a), estuarine incised valleys (e.g., Reinson, 1985; 

Pattison, 1991; Boreen and Walker, 1991; Pemberton et al., 1992; MacEachern and 

Pemberton, 1994; Pattison and Walker, 1994), and deltas (e.g., Dafoe and Pemberton, 

2007; Hansen and MacEachern, 2007; Dafoe et al., 2010). Prior to the 1980s, it was 

widely thought that the Viking Fm was composed primarily of long, thin, linear sand 
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bodies that followed northwest-to-southeast paleoshoreline orientations (Reinson et al., 

1994). It was not until the mid-1980s that the Viking Fm was recognized to contain 

several internal disconformities, attesting to its complex depositional and erosional 

history. Estuarine incised valley-fill deposits were first recognized in 1978 with the 

discovery of Crystal Field (e.g., Reinson et al., 1988; Reinson, 1985; Pattison and 

Walker, 1994). This discovery led to the establishment of facies characteristics that 

facilitated the recognition of similar successions at other fields (e.g., Cyn-Pem, 

Sundance-Edson, and Willesden Green; see Pattison, 1991; Boreen and Walker, 1991; 

Pemberton et al., 1992; MacEachern and Pemberton, 1994; Pattison and Walker, 1994; 

1998). 

 

Figure 4.1  Lithostratigraphic column for the Aptian to Albian of the Western 
Canadian Sedimentary Basin (Schultz et al., 2020 modified from 
AGS, 2019). 

4.2.3. Paleogeography, Basin Setting and Tectonics 

The late Albian Viking Fm was deposited in the shallow epeiric Mowry Sea 

(Stelck, 1975; Plint et al., 2012a; Dashtgard and MacEachern, 2016), which occupied a 

foreland basin. The Mowry Sea extended from the present-day Beaufort Sea reaching 

as far south as Colorado (Williams and Stelck, 1975; Fig. 4.2). This restricted seaway 

persisted from the late Albian to early Cenomanian (Cobban et al., 1976; Lang and 
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McGugan, 1988; Bloch et al., 1999; Leckie et al., 2000; Yacobucci, 2004). The Viking is 

inferred to consist mainly of paleoshorelines that trend in an approximate NW to SE 

orientation, roughly following the orientation of the Cordilleran deformation front, and 

recording progradation approximately towards the NE and away from the present-day 

Rocky Mountain belt (Stelck, 1958; Amajor and Lerbekmo, 1980; Boreen and Walker, 

1991; Pattison, 1991; MacEachern et al., 1999).  

 

Figure 4.2  The extent of the Mowry / Western Interior Seaway (Schultz et al., in 
prep). 

The foreland basin developed in response to Mesozoic crustal thickening in the 

Cordilleran Orogen due to allochthonous terranes accreting along the leading edge of 

the westward-moving North American Plate (Price, 1973; 1994; Beaumont, 1981). It has 

been documented that this lithospheric flexure resulted in the reactivation of pre-existing 

basement structures, leading to ambiguous stratigraphic relationships in the overlying 

strata (Stein, 1988; Zaitlin et al., 2002; Vakarelov and Bhattacharya, 2009; Zhao and 

Cawood, 2012; Godin and Harris, 2014; Schultz et al., 2019). The recognition and 

incorporation of fault reactivation into stratigraphic models is important in order to 

accurately map units in structurally controlled areas. 
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The Phanerozoic sedimentary units are underlain by crystalline Precambrian 

basement that developed during the Archean to Neoproterozoic. This crystalline 

basement encompasses various lineaments, structures and fault zones, which have 

been identified through aeromagnetic datasets supplemented by limited U-Pb analyses 

from cored intervals (Ross et al., 1991; Pilkington et al., 2000; Lyatsky et al., 2005). The 

Snowbird Tectonic Zone (STZ) is an important fault zone in the study area (Fig. 4.3). It is 

a sinuous and steeply dipping zone of sheared rocks that is thought to represent a fault 

zone between Archean crustal fragments (Gibb and Walcott, 1971; Lewry and Sibbald, 

1980; Hoffman, 1989; Ross et al., 1991; Hanmer et al., 1995; Ross et al., 2000; Mahan 

and Williams, 2005; Berman et al., 2007). It has been proposed that the reactivation of 

the STZ had a significant control on the depositional geometries of the Viking Formation, 

owing to its effect on accommodation space development (Schultz et al., 2019; 2020). 

 

Figure 4.3  Schematic diagram for the creation of accommodation within the 
Snowbird Tectonic Zone during Viking deposition (Schultz et al., 
2019). 

4.2.4. Previous Regional Frameworks 

The currently published regional stratigraphic model for the Viking Fm follows an 

allostratigraphic approach (see Boreen and Walker, 1991; Pattison, 1991; Pattison and 
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Walker, 1994; Walker and Wiseman, 1995; Roca et al., 2008). The first regional 

allostratigraphic model for the Viking was established during the late 1980s and 1990s 

(e.g., Power, 1988; Boreen and Walker, 1991; Pattison, 1991; Davies and Walker, 1993; 

Pattison and Walker, 1994; Walker and Wiseman, 1995; Pattison and Walker, 1998; 

Burton and Walker, 1999), at which time 5 allomembers (A to E) were recognized in the 

Viking Fm and across central Alberta. Each of these allomembers were bounded by 

regionally extensive discontinuities (VE1 to VE4 and the Base of Fish Scales marker; 

Fig. 4.4). These allomembers were subsequently interpreted sequence stratigraphically 

– employing the 3-systems tract nomenclature (LST, TST, and HST) of Depositional 

Sequence III (see Van Wagoner et al., 1988; Christie-Blick,1991; Pattison, 1991. The 

earlier allostratigraphic model was updated by Roca et al. (2008) and correlations were 

extended to age-equivalent Viking strata throughout Alberta and Saskatchewan. Roca et 

al. (2008) elected to remove Allomember C of Boreen and Walker (1991) from their 

model, and renamed the discontinuities VE0 to VE4 (Fig. 4.4). 
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Figure 4.4  Previous page. Comparison of the various stratigraphic models that 
have been proposed for the Viking Formation (modified from Schultz 
et al., 2020). The lithostratigraphic model is the current formal 
boundaries of the Viking Formation (Hunt, 1954; Stelck, 1958; AGS, 
2019). The allostratigraphic model from McMaster University 
documents the allomembers for the Viking. The allostratigraphic 
model from Roca et al. (2008) modifies and expands the correlations 
completed by Boreen and Walker (1991) (and others therein). The 
sequence stratigraphic model is the current working model that 
further refines and subdivides the Viking (see MacEachern et al., 
2012b; Schultz et al., 2020). The two purple lines on the sequence 
stratigraphic study denote the two datums that were used in this 
study. 

4.3. Allostratigraphy vs. Sequence Stratigraphy 

4.3.1. Allostratigraphic Concept and Challenges 

An allostratigraphic unit is a mappable body of rock that is defined and 

interpreted based on the identification of its bounding discontinuities (NACSN, 2005). 

Bounding discontinuities can represent any distinct lithological change, whether or not 

the selected horizon is associated with a discernable hiatus. The definition of a bounding 

discontinuity was intentionally left ambiguous in order to allow researchers to define 

what type of surface would constitute an important break in their stratigraphic 

succession. In many allostratigraphic models, flooding surfaces are selected as the 

bounding discontinuity because they are visible in core and on well logs and can be 

mapped over broad areas. 

Flooding surfaces mark the boundaries of parasequences and occur at a variety 

of hierarchal and spatial scales. In early sequence stratigraphic models, parasequences 

were introduced as the building blocks of seismic-scale systems tracts, therefore being 

given a sequence stratigraphic significance (van Wagoner et al., 1988; 1990). However, 

flooding surfaces (which represent lithological changes occurring at allostratigraphic 

contacts) are not sequence stratigraphic surfaces, unless they coincide with maximum 

regressive or maximum flooding surfaces (Catuneanu and Zecchin, 2020). Most flooding 

surfaces occur within transgressive successions as within-trend facies contacts (i.e., 

allostratigraphic surfaces) rather than as sequence stratigraphic surfaces at systems 

tract boundaries (Fig. 4.5). For discussions on the pitfalls of parasequences, see Walker 
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(1992), Posamentier and Allen (1999), Catuneanu (2006, 2019a, b, 2000), Zecchin 

(2010), Miall (2010), Zecchin and Catuneanu (2013), and Catuneanu and Zecchin 

(2020). 

 

Figure 4.5  Characterization of stratigraphic cycles in the Viking (Schultz et al., 
in prep adapted from Catuneanu, 2019a); parasequences (red 
arrow), genetic stratigraphic sequences (blue arrows), and T-R 
sequences (black arrows) are compared to demonstrate the 
differences between mapping parasequences vs. genetic 
stratigraphic sequences. The grey bar represents a cored interval 
that was logged in this well. Flooding surfaces may or may not 
coincide with the systems tract boundaries and are typically 
observed to form within transgressions or regression. When 
flooding surfaces do not coincide with stratigraphic surfaces, the 
flooding surfaces are lithological contacts that are generally used 
when mapping units allostratigraphically. 

4.3.2. Viking Formation Allostratigraphy 

In the allostratigraphic models currently proposed for the Viking Fm, the key 

bounding discontinuities are represented by flooding surfaces or erosional surfaces that 
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mark the tops of widespread, low-frequency prograding clinoforms or parasequences 

(Roca et al., 2008). The identification of this surface as the bounding discontinuity is 

problematic in the Viking Fm, as it complicates the translation of the allostratigraphic 

model into a sequence stratigraphic one. Specifically, flooding surfaces are generally 

expressed by lithological breaks that form during shorter-lived transgressions and 

generally have no sequence stratigraphic significance as they do not constitute a 

systems tract boundary. Unless the flooding surface coincides with a sequence 

stratigraphic surface (e.g., a subaerial unconformity, a maximum regressive surface or a 

maximum flooding surface), it is not possible to re-interpret the current allostratigraphic 

model in a sequence stratigraphic context. In order to propose a sequence stratigraphic 

model that is regionally consistent throughout central Alberta, the Viking Formation must 

be re-evaluated by identifying sequence stratigraphic surfaces and correlating them 

regionally.  

Although the allostratigraphic studies of the Viking Fm show the overall extent of 

flooding surfaces throughout the basin, the correlations of Viking Fm strata tend to 

reside at too broad of a hierarchal scale (i.e., low resolution) to facilitate high-resolution 

correlations. More challenges arise where flooding surfaces of different scales 

amalgamate into single physical contacts, whose complex origin becomes difficult to 

rationalize without a genetic sequence stratigraphic approach. Such composite contacts 

often merge surfaces of different origins in different parts of the basin into lithological 

discontinuities of an unspecified nature. Pattison (1991) recognized this problem when 

mapping Viking strata across central Alberta and trying to correlate bounding 

discontinuity ‘VE3’ (Early allostratigraphic model, Fig. 4). VE3 is a complex surface that 

records significant erosional reworking during markedly different relative sea level 

conditions. In order to express the history of the VE3 discontinuity, Pattison (1991) 

designated sub-surfaces (VE3-1, VE3-2, etc.) in different parts of the basin. However, 

this still implied that the older surfaces are “removed” and no record of their earlier origin 

is discernable. Pattison and Walker (1994) later recognized this pitfall, and expressed 

the VE3 surface to represent a co-planar sequence boundary and transgressive surface 

of erosion (SB/TSE) in localities where no lowstand deposits are preserved, and as 

separate horizons (i.e., SB or TSE) where lowstand deposits are preserved between 

them. Additionally, the bounding discontinuities that mark the tops of allomembers in 

proximal locales are not readily mappable distally, where the surfaces become 
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gradational and conformable. As a result, many Viking deposits that occur close to their 

depositional limits (i.e., lowstand shorelines) have not been incorporated into the current 

allostratigraphic model, making the framework incomplete. 

4.3.3. Sequence Stratigraphic Approach 

There are few studies of the Viking Formation that have attempted to place the 

deposits into a sequence stratigraphic framework that utilizes the 4-systems-tract 

nomenclature of Depositional Sequence IV (e.g., Catuneanu et al., 2011; MacEachern et 

al., 2012b; Borchert, 2018; Schultz et al., 2019; 2020; Díaz, 2020). The allostratigraphic 

discontinuities (i.e., flooding surfaces) that have been identified and mapped commonly, 

but do not always, correspond to the tops of the 4 Viking sequences, particularly in 

proximal positions along the edge of the Cordillera deformation belt (i.e., subaerial 

unconformity or coplanar wave ravinement surface / subaerial unconformity). By utilizing 

a sequence stratigraphic framework, it is possible to correlate regional sequence 

stratigraphic surfaces and map genetically related strata that record depositional 

responses to variations in relative sea level and sediment supply. 

4.4. Methods 

This study focuses on Viking Fm deposits in the subsurface of central Alberta, 

Canada. The study area extends from Crystal Field (SW; 53.12°N, 114.33°W) down 

paleo-depositional dip to Joarcam Field (SE; 53.4°N, 113.05°W), and along paleo-

depositional strike to Sundance-Edson Field (NW; 53.69°N, 116.78°W) and then down 

paleo-depositional dip to Judy Creek Field (NE; 54.45°N, 115.65°W; Fig. 4.6). 

4.4.1. Core and Facies Analysis 

A total of 210 cores that penetrated the Viking Fm, totalling approximately 3800 

m of interval, were logged in detail. From these data, recurring facies associations, 

depositional environments, and sequence stratigraphic surfaces were identified. Cores 

were selected on the basis of availability in order to give as even a distribution 

throughout the study area as possible (Fig. 4.6). Longer cores (18–72 m), slabbed cores, 

and cores with 3–4” diameters were selected where possible. In some locations, core 

was uncommon or only available as 1” diameter samples: these cores were poor quality 
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and this limited the identification of depositional environments and stratigraphic surfaces. 

In order to correlate in areas with reduced core quality, all cored data was correlated to 

geophysical well-log responses and well logs were used to extend mapping to uncored 

wells in order to facilitate regional mapping in the study area. 

 

Figure 4.6  Study map of the Viking Formation (Schultz et al., in prep after 
Pattison, 1991). The red dashed lines are the approximate location of 
the Snowbird Tectonic Zone basement fault. The black box 
represents the extent of the current study. Blue lines indicate the 
extent of the lowstand (LST) paleoshoreline trends for Sequences 1 
– 3. Cored intervals that were logged for this study are red dots. 

Facies associations identified in core were created using an integrated 

ichnological-sedimentological approach to facilitate high-resolution interpretations of the 

depositional environments. Sedimentological data were collected at a bedset scale to 
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document changes in grain size, lithology and sorting. Beds and bedsets (both simple 

and composite), as well as primary and syn-sedimentary physical structures were 

identified. Ichnological analysis involved trace fossil identification at the ichnogenus 

level, and characterization of the intensity of bioturbation (Bioturbation Index or B.I.). 

Trace-fossil distributions in the rock record are strongly facies controlled, and reflect the 

various ethologies (behaviours) of the organisms that colonized the substrate (see 

summaries by MacEachern et al., 2010, 2012 and Buatois and Mángano, 2011). The 

distribution and behaviours of organisms are affected by the types and magnitudes of 

physico-chemical conditions of the environment, such as spatial and temporal changes 

in energy, salinity, substrate consistency, sediment grain size, food resource types, 

water turbidity, depositional rates, and oxygenation (see Dashtgard and Gingras, 2012 

for a review). Extremes in any of these factors leads to environmental stress, and these, 

in turn, leads to deviations in the resulting trace assemblages from archetypal suites 

(see Savrda and Bottjer, 1986; Beynon et al., 1988; Buatois et al., 2005; MacEachern et 

al., 2007; Bann et al., 2008; Dashtgard et al., 2015). By recognizing the combination of 

physico-chemical controls acting on the environment, refined depositional interpretations 

for the Viking Formation can be proposed, and discrete facies changes mapped. 

4.4.2. Datum Selection 

Combinations of datums were used to create the stratigraphic cross sections of 

the regional sequence stratigraphic framework. No single datum could be employed to 

accurately map all systems tract distributions owing to the effects that tectonism had on 

the 3D along-strike variability (e.g., Schultz et al., 2019). The Joli Fou maximum flooding 

surface datum was selected for mapping the Joli Fou, Sequence 1, and the FSST and 

LST of Sequence 2. The architecture of the 2HST and 2TST intervals, and Sequence 3 

were resolved using a combination of the Joli Fou MFS and the top of the Viking 

Formation WRS/SU (Figs. 4.4 and 4.5). 

4.5. Viking Formation Sequence Stratigraphy 

4.5.1. Facies Associations 

Facies descriptions from previous published studies were integrated with this 

study in order to augment the current dataset. For detailed facies descriptions at the 
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Crystal, Sundance-Edson, and Chigwell fields, see Pattison (1991), Raychaudhuri et al. 

(1992), MacEachern and Pemberton (1994); and Pattison and Walker (1994, 1998). 

Correspondingly, 13 recurring facies in the study area have been identified for the Viking 

Fm. These facies are placed into 6 facies associations: 1) shelf (FA1; Fig. 4.7); 2) 

shoreface (FA2; Fig. 4.8); 3) deflected to asymmetric wave-dominated delta (FA3; Fig. 

4.9); 4) river-dominated delta (FA4; Fig. 4.10); 5) wave-influenced estuarine incised 

valley complex (FA5; Fig. 4.11); and 6) fluvial channel (FA6; Fig. 4.12). These facies 

associations are relevant to all 4 sequences in the Viking Fm, and are summarized in 

Tables 1–4, corresponding to those associated with the falling-stage (FSST; Table 4.1), 

lowstand (LST; Table 4.2), transgressive (TST; Table 4.3) and highstand (HST; Table 

4.4) systems tracts.  Each systems tract displays subtle variations in the depositional 

characteristics of their recurring facies associations. 

 

Figure 4.7  Facies association 1 (FA1) shelfal examples (Schultz et al., in prep). 
A) Shelfal facies from the Westgate Formation. Sideritized beds are 
common, as well as thin silt to vfL sand laminae. 03-09-58-03W5 
from 3076.0 – 3090.0 ft. B) Shelfal facies from the Joli Fou 
Formation. 16-29-59-05W5 from 3220.0 – 3236.0 ft. 
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Figure 4.8  Previous page. Facies association 2 (FA2) shoreface examples from 
HST and TST deposits (Schultz et al., in prep). A) Hummocky cross 
stratified sandstone. BI values range from 0 – 2. Sideritization of 
mudstone beds is common. Core sleeve is 75 cm long. 04-18-54-
16W5.  B) Storm-influenced lower shoreface. Micro hummocky cross 
stratification and wave ripple lamination is interbedded with 
bioturbated muddy sandstone beds. BI values range from 0 – 4. 
Common traces include Diplocraterion (Di), Palaeophycus (Pa), 
Siphonichnus (Si) and Teichichnus (Te). White bar is 2 cm. 16-12-48-
21W4. C) Hummocky cross stratified sandstone overlain by 
transgressive lag. The horizon is bioturbated with the trace fossils 
Diplocraterion (Di) and Skolithos (Sk) commonly observed. This 
contact is common near the top of the Viking interval in proximal 
wells. White bar is 2 cm. 06-15-53-14W5. D) Lower shoreface deposit 
of the 2HST. BI values range from 2 – 5. Core sleeve is 75 cm long. 
102/06-29-47-21W4 from 1036.0 – 1040.0 m. E) Upper shoreface 
deposit. BI values range from 0 – 3. Trace fossils observed include 
Asterosoma (As), Cylindrichnus (Cy) and Ophiomorpha (Op).  White 
bar is 2 cm. 18-15-57-14W5. F) Trough cross stratified sandstone 
overlain by transgressive lag (separated by green line). BI values 
range from 0 – 2. Core sleeve is 75 cm. 102/16-33-48-01W5. 
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Figure 4.9  Previous page. Facies association 3 (FA3) wave-dominated delta 
examples from the FSST (Schultz et al., in prep). A) Updrift delta lobe 
of the delta front facies. The RSME is incised into the underlying 
middle shoreface deposits of FA2. 06-04-48-20W4 at 972.8 m. B) 
Updrift delta lobe from a FSST deposit of Sequence 3. BI values 
range from 0 – 2 and consist of suites of Diplocraterion (Di) that tend 
to be robust and sideritized. 11-29-49-21W4 at 1003.5 m. C) Updrift 
delta lobe that consists of trough cross stratification (TCS) of vcU to 
granule sized clasts. 11-29-49-21W4 at 1001.2 m. D) Delta front 
deposits on the down-drift lobe. Coarse grained sand beds are 
interstratified with thick silty mudstone beds. Core sleeve is 60 cm. 
102/07-05-48-20W4. E) Down drift delta lobe that consists of 
heterolithic bedding between TCS of the vcU to granule sand beds 
and wavy laminations in the muddy siltstone beds. BI values range 
from 0 – 1 and consist of Planolites (Pl) and Palaeophycus (Pa). 06-
22-47-20W4 at 975.9 m. 
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Figure 4.10  Previous page. Facies association 4 (FA4) river-dominated delta 
examples (Schultz et al., in prep). A) Delta front deposit that shows 
admixed mudstone as well as soft sediment deformation and 
loading. BI values range from 0 – 2 and include Diplocraterion (Di) 
and Palaeophycus (Pa). 14-04-58-08W5. B) Carbonaceous debris 
(woody) in a distal delta front deposit. 16-26-59-05W5.C) Proximal 
expression of the prodelta. BI values range from 0 – 3 and contain 
Asterosoma (As), Chondrites (Ch), Diplocraterion (Di), Planolites 
(Pl), Teichichnus (Te), and Zoophycos (Zo). 11-20-61-10W5. D) 
Carbonaceous debris along bedding plane surfaces within a delta 
front deposit. 11-10-62-10W5 at 1282.9 m. E) Prodelta deposits 
forming a coarsening upwards succession. Core sleeve is 75 cm 
long. 16-26-59-05W5. F) Distal prodelta deposit. BI values range from 
0 – 1. Trace fossils include diminutive examples of Planolites (Pl) 
and Zoophycos (Zo). 15-35-61-08W5. 
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Figure 4.11  Facies association 5 (FA5) from the estuarine incised valley 
complexes (Schultz et al., in prep). A) Bayhead delta. This facies 
association contain sideritized mud beds and trough cross stratified 
sands. Diplocraterion (Di) and Ophiomorpha (Op) are common. 11-
12-46-04W5 at 1704.5 m. B) Bayhead delta. 16-24-45-04W5 at 1801.3 
m. C) Muddy central basin. 15-07-55-20W5 at 2667.5 m. D) Sandy 
central basin. 15-07-55-20W5 at 2664.9 m. E) Channel complex with a 
sideritized Rosselia (Ro) trace fossil. 12-20-46-03W5 at 1725.7 m. F) 
Estuarine mouthbar complexes. 08-16-48-03W5 at 1529.1 m. 
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Figure 4.12  Facies association 6 (FA6) channel deposits (Schultz et al., in prep). 
A) Thick gravel deposit that contains minor amounts of interbedded 
sideritized mud. 11-17-60-02W5 from 2795 to 2809 ft. B) Mudstone 
rip-up clasts in a trough cross stratified sandstone. 102/06-12-51-
11W5. C) Sideritized mudstone rip-up clasts with minor amounts of 
carbonaceous debris. 102/06-12-51-11W5. 
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Table 4.1  Facies characteristics of the falling-stage systems tract. Surfaces noted are the ones that were documented 
to occur in the Viking Formation. 

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA1 – Shelf 1 - Mudstone to shale (fissile). 
- Siderite beds (1-4 cm) common. 
- Silt laminae. 

BI = 0-1 
Chondrite, Planolites, Phycosiphon. 

Shelfal BSFR CC 

FA2 – 
Shoreface 

2 - Mudstone to silty mudstone. 
- vfL sand and silt interbeds 1 – 3cm. 
- Wave ripple lamination. 
- May include vcU laminae. 

BI = 1-3 
Asterosoma, Chondrites, Helminthopsis, 
Phycosiphon, Zoophycos. 

Distal 
Offshore 

BSFR CC 

3 - Silty to sandy (vfL) mudstone. 
- vfL - fL sand laminae to beds (1 – 4 cm). 
- Wave ripple lamination, micro-HCS. 
- May include vcU admixed sand. 

BI = 1-4 
Chondrites, Helminthopsis, Phycosiphon, 
Planolites, Thalassinoides, Zoophycos. 

Proximal 
Offshore 

BSFR CC or SU 
or 
WRS/SU 

4a - Bioturbated sandy mudstone to muddy 
sandstone. 
- fL to mL sand. 
- Wave ripple lamination, HCS and micro-
HCS commonly occur as thin interbeds 
within the bioturbated units. 
 - Erosional basal contact. 

BI = 1-3 
Asterosoma, Chondrites, Palaeophycus, 
Phycosiphon, Planolites, Rosselia, 
Schaubcylindrichnus freyi, Thalassinoides. 
Basal contact may be demarcated by 
firmground omission suites of the 
Glossifungites Ichnofacies. 

Lower 
Shoreface 

RSME CC or SU 
or 
WRS/SU 

5 - Bioturbated muddy sandstone and silty 
sandstone. 
- fU - mL sand.  
- HCS and wave ripple lamination. 
- Basal contact ranges from erosional to 
gradational (sand-on-sand). 

BI = 1-3 
Cylindrichnus, Palaeophycus, Planolites, 
Rhizocorallium, Rosselia, Thalassinoides. 

Middle 
Shoreface 

BSFR or 
RSME 

CC or SU 
or 
WRS/SU 

6a -  Sandstone with interlaminated mudstone 
layers. 
- mL - vcL sand. 

BI = 0-2 
Diplocraterion, Palaeophycus, Planolites, 
Skolithos, Thalassinoides. 

Upper 
Shoreface 

BSFR or 
RSME 

CC or SU 
or 
WRS/SU 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

- Trough cross-stratification, current ripple 
lamination, planar lamination, rare HCS, 
combined flow ripple lamination.  
- Basal contact ranges from erosional to 
gradational (sand-on-sand). 

FA3 – 
Wave-
dominated 
delta 

7a - Interbedded mudstone, silty mudstone and 
sandstone. 
- fL - mL sand. 
- Wave-ripple lamination, micro-HCS and 
HCS, normal grading and planar parallel 
lamination. 
- Basal contact is gradational (mud-on-mud). 

BI = 0-5 
Asterosoma, Chondrites, Palaeophycus, 
Phycosiphon, Planolites, 
Schaubcylindrichnus freyi, Teichichnus, 
Thalassinoides. 

Prodelta BSFR CC or SU 
or 
WRS/SU 

8a - Muddy sandstone to sandstone. 
- mL - vcU sand. 
- Trough cross-stratification, massive 
bedding, low-angle parallel stratification, 
HCS and micro-HCS. 
- Basal contact ranges from erosional to 
gradational (sand-on-sand). 

BI = 0-3 
Diplocraterion, Palaeophycus, Rosselia, 
Thalassinoides. 
fugichnia 

Delta Front BSFR or 
RSME 

CC or SU 
or 
WRS/SU 

9a - Sandstone. 
- fU – mL sand. 
- Trough cross stratification and current 
ripple lamination. 

BI = 0-1 
Arenicolites, Cylindrichnus, Diplocraterion, 
Palaeophycus. 

Distributary 
Channel 
Complex 

Autogenic 
Scour 

CC or SU 
or 
WRS/SU 

FA6 – 
Fluvial 
channels 

10a - Clast-supported conglomerate. 
- Cross-stratification and massive 
(structureless) bedding. 

Not observed. Channel 
Complex 

SU  WRS 
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Table 4.2 Facies descriptions of the lowstand systems tract. Surfaces noted are the ones that were documented to 
occur in the Viking Formation. 

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA1 – Shelf 1 - Mudstone to shale (fissile). 
- Siderite beds (1-4 cm) common. 
- Silt laminae. 

BI = 0-1 
Chondrite, Planolites, Phycosiphon. 

Shelfal CC MRS 

FA2 – 
Shoreface 

2 - Mudstone to silty mudstone. 
- vfL sand and silt interbeds 1 – 3cm. 
- Wave ripple lamination. 

BI = 2-5 
Asterosoma, Chondrites, Helminthopsis, 
Phycosiphon, Thalassinoides, Zoophycos. 

Distal 
Offshore 

CC MRS 

3 - Silty to sandy (vfL) mudstone. 
- vfL - fL sand laminae to beds (1 – 4 cm). 
- Wave ripple lamination, micro-HCS. 

BI = 4 – 5 
Chondrites, Cylindrichnus, Helminthopsis, 
Palaeophycus, Phycosiphon, Planolites, 
Thalassinoides, Zoophycos. 

Proximal 
Offshore 

CC MRS 

4b - Sandy mudstone to muddy sandstone. 
- vfL – fU sand. 
- Wave ripple lamination, micro-HCS and 
HCS. 
- Wavy bedding. 
- Basal surface is gradational with the 
underlying FSST deposits (sand-on-sand or 
mud-on-mud) 

BI = 2-5 
Asterosoma, Chondrites, Diplocraterion, 
Palaeophycus, Phycosiphon, Planolites, 
Rosselia, Schaubcylindrichnus freyi, 
Thalassinoides, Zoophycos. 

Lower 
Shoreface 

CC WRS/MRS 

5 - Muddy sandstone to sandstone. 
- vfL – fU sand 
- HCS, wave ripple lamination, low-angle 
planar parallel lamination. 
- Basal surface is gradational with the 
underlying FSST deposits (sand-on-sand). 

BI = 3-5 
Cylindrichnus, Diplocraterion, 
Ophiomorpha, Palaeophycus, Planolites, 
Rhizocorallium, Rosselia, 
Schaubcylindrichnus freyi, Teichichnus, 
Thalassinoides. 

Middle 
Shoreface 

CC WRS/MRS 

6 - Sandstone. 
fL - mL sand. 
- Combined flow ripple lamination, low-angle 
planar parallel lamination, trough cross-
stratification. 

BI = 2-4 
Diplocraterion, Palaeophycus, Skolithos, 
Thalassinoides. 

Upper 
Shoreface 

CC WRS/MRS 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

- Basal surface is gradational with the 
underlying FSST deposits (sand-on-sand). 

FA3 – 
Wave-
dominated 
delta 

7b - Interbedded mud-dominated mudstone, 
sandy mudstone and sandstone. 
- Silt - vfL sand interbeds with wave ripple 
lamination and low-angle planar parallel 
lamination. 
- Basal surface is gradational with the 
underlying FSST deposits (mud-on-mud). 

BI = 1-3 
Asterosoma, Chondrites, Palaeophycus, 
Planolites, Teichichnus. 

Prodelta CC WRS/MRS 

8b - Interbedded sand-dominated mudstone, 
sandy mudstone and sandstone. 
- Silt - fL sand. 
- Trough cross-stratification, HCS, low-angle 
planar parallel lamination. 
- Basal surface is gradational. 

BI = 0-2 
Cylindrichnus, Diplocraterion, 
Ophiomorpha, Palaeophycus, Skolithos. 

Delta Front CC WRS/MRS 

FA6 – 
Fluvial 
channels 

10b - Sandstone to clast-supported 
conglomerate. 
- clasts gL to pL; matrix mL-cL 
- Trough cross-stratification to massive 
bedding. 
- Basal surface is erosive. 

BI = 0-2 
Planolites 
Note: bioturbation is not observed in the 
conglomerates. 

Channel Fill SU  WRS or 
WRS/MRS 

  



115 

Table 4.3  Facies of the transgressive systems tract. Facies descriptions for FA5 were taken from: MacEachern and 
Pemberton, 1994; Pattison and Walker, 1994. Note: for facies 9b, the estuarine channels do not locally overlie 
a sequence boundary. The facies would overlie an erosional discontinuity, however that may or may not 
coincide with a sequence boundary. 

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA1 – Shelf 1 - Mudstone to shale (fissile). 
- Siderite beds (1-4 cm) common. 
- Silt laminae. 

BI = 0-1 
Chondrite, Planolites, Phycosiphon. 

Shelfal MRS MFS 

FA2 – 
Shoreface 

2 - Mudstone to silty mudstone. 
- vfL-fL sand and silt interbeds (0.5 – 2 cm 
thick). 
- Planar parallel lamination. 

BI = 3 – 5 
Asterosoma, Chondrites, Helminthopsis, 
Phycosiphon, Planolites, Zoophycos. 

Distal 
Offshore 

MRS MFS 

3a - Silty to sandy (vfL) mudstone. 
- vfL - fL sand laminae to beds (1 – 4 cm). 
- Wave ripple lamination, micro-HCS. 

BI = 4 – 5 
Chondrites, Cylindrichnus, Helminthopsis, 
Palaeophycus, Phycosiphon, Planolites, 
Thalassinoides, Zoophycos. 

Proximal 
Offshore 

MRS MFS 

4c - Bioturbated sandy mudstone to muddy 
sandstone. 
- vfU-fU sand. 
- Intervals may be characterized by wavy 
bedding. 
- Bioturbated horizons may be interspersed 
with thin tempestites containing HCS. 

BI = 3 – 5 
Asterosoma, Chondrites, Diplocraterion, 
Palaeophycus, Planolites, Phycosiphon, 
Rosselia, Schaubcylindrichnus freyi, 
Thalassinoides. 

Lower 
Shoreface 

MRS WRS or 
MFS 

FA4 – River-
dominated 
delta 

7c - Heterolithic mudstone – dominated 
succession comprising sandstone, siltstone 
and mudstone interbeds. 
- mud - vfL sand 
- Characterized by lenticular to wavy 
bedding. 
- Wave ripples, current ripples, and rare 
micro-HCS. 
- Carbonaceous debris and wood fragments 

BI = 2 – 5 
Asterosoma, Chondrites, Helminthopsis, 
Palaeophycus, Planolites. 

Prodelta MRS WRS or 
MFS 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA5 – 
Estuarine 
Incised 
Valley Fill 

11 - Sandstone. 
- mL-mU sand. 
- Trough cross-stratification, current ripple 
lamination, micro-HCS, HCS, low angle 
planar lamination. 
- Minor intercalated mudstone beds. 

BI = 0 – 2 
Arenicolites, Cylindrichnus, Diplocraterion, 
Macaronichnus, Ophiomorpha, 
Palaeophycus, Planolites, Rosselia, 
Thalassinoides. 

Bayhead 
Delta 

FS/SU WRS 

12 - Sandstone- to mudstone-dominated 
heterolithic succession. 
- Mud beds and vfU-fU sand. 
- Wave ripple lamination, low-angle planar 
parallel lamination, combined-flow ripple 
lamination, current ripple lamination. 

BI = 0 – 5 
Chondrites, Lockeia, Palaeophycus, 
Planolites, Schaubcylindrichnus freyi, 
Teichichnus, Thalassinoides. 

Central Basin FS/SU WRS or 
MFS 

9b - Sandstone to conglomerate. 
- mL sand to pebble-sized clasts. 
- Trough cross-stratification, current ripple 
lamination, low-angle planar cross-
stratification. 
 
Note: Bioturbation is not observed in the 
conglomerate successions 

BI = 0 – 2 
Arenicolites, 
Conichnus, Cylindrichnus, Diplocraterion, 
Macaronichnus, Ophiomorpha, 
Palaeophycus, Planolites, Rosselia, 
Skolithos, Teichichnus. 

Estuarine 
Channel 
Complexes – 
may include 
tidal 
channels, 
distributary 
channels, 
tidal inlets or 
fluvial 
channels 

Autogenic 
scour – 
locally may 
overlie the 
SU or 
TRS/SU 

WRS or 
MFS 

13 - Sandstone with intercalated mudstone 
layers. 
- fL-mU sand. 
- Current ripple lamination, trough cross-
stratification, planar parallel stratification. 

BI = 2 – 4 
Arenicolites, Diplocraterion, Ophiomorpha, 
Palaeophycus, Planolites, Rosselia, 
Siphonichnus, Teichichnus, 
Thalassinoides. 

Mouthbar 
Complexes 

FS/SU WRS or 
MFS 
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Table 4.4 Facies descriptions of the highstand systems tract. Surfaces noted are the ones that were documented to 
occur in the Viking Formation. 

Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

FA1 – Shelf 1 - Mudstone to shale (fissile). 
- Siderite beds (1-4 cm) common. 
- Silt laminae. 

BI = 0-1 
Chondrite, Planolites, Phycosiphon. 

Shelfal MFS CC 

FA2 – 
Shoreface 

2 - Mudstone to silty mudstone. 
- vfL-fL sand and silt interbeds 1 – 3cm. 
- Planar parallel lamination and rare wave 
ripples. 

BI = 3-5 
Asterosoma, Chondrites, Helminthopsis, 
Phycosiphon, Zoophycos. 

Distal 
Offshore 

MFS CC 

3b - Mudstone to silty mudstone 
- vfL-fL sand laminae to beds (1 – 4 cm 
thick) are common and contain low-angle 
planar parallel lamination. 

BI = 3-5 
Chondrites, Helminthopsis, Phycosiphon, 
Planolites, Thalassinoides, Zoophycos. 

Proximal 
Offshore 

MFS CC 

4d - Bioturbated sandy mudstone to muddy 
sandstone. 
- fL-mL sand. 
- Wave ripple lamination, HCS, micro-HCS. 

BI = 2-5 
Asterosoma, Chondrites, Diplocraterion, 
Ophiomorpha, Palaeophycus, 
Phycosiphon, Planolites, Rhizocorallium, 
Rosselia, Schaubcylindrichnus freyi, 
Siphonichnus, Teichichnus, 
Thalassinoides, Zoophycos. 

Lower 
Shoreface 

MFS CC, 
WRS/SU 
or RSME 

4e - Muddy sandstone to sandstone. 
- fL-mL sand. 
- Interbedded bioturbated and non-
bioturbated beds (“lam-scram”), locally 
forming wavy bedding. 
- Wave ripple lamination, HCS. 

BI = 0-5 
Diplocraterion, fugichnia, Ophiomorpha, 
Palaeophycus, Rosselia, 
Schaubcylindrichnus, Teichichnus, 
Zoophycos. 

Storm-
Dominated 
Lower 
Shoreface 

MFS CC, 
WRS/SU 
or RSME 

5 - Sandstone. 
- fL-mL sand. 
- HCS, SCS, wave ripple lamination. 

BI = 1-4 
Cylindrichnus, Palaeophycus, Planolites, 
Rhizocorallium, Rosselia, 
Schaubcylindrichnus coronus, 
Thalassinoides. 

Middle 
Shoreface 

MFS CC, 
WRS/SU 
or RSME 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

6 - Sandstone. 
- fL-cL sand. 
- Trough cross-stratification, current ripple 
lamination, planar parallel lamination, 
combined flow ripples. 

BI = 1-3 
Conichnus, Diplocraterion, Ophiomorpha, 
Palaeophycus, Skolithos. 

Upper 
Shoreface 

MFS WRS/SU 
or RSME 

FA3 – 
Wave-
dominated 
delta 

7d - Mudstone-dominated heterolithic 
succession consisting of interbedded 
sandstone, siltstone and mudstone. 
- mud-vfU sand. 
- Wave ripple lamination, micro-HCS, normal 
grading, load structures, wood fragments, 
carbonaceous debris. 
- Soft-sediment deformation is rare. 

BI = 2-4 
Asterosoma, Chondrites, Palaeophycus, 
Phycosiphon, Planolites, 
Schaubcylindrichnus freyi, Teichichnus, 
Thalassinoides 

Prodelta MFS CC, 
WRS/SU 
or RSME 

8a - Sandstone-dominated heterolithic 
succession consisting of interbedded silty 
mudstone, muddy siltstone, and sandstone. 
- fU-cU sand. 
- Low-angle parallel lamination, trough 
cross-stratification, wave ripple lamination, 
planar parallel lamination, HCS, SCS. 

BI = 0-3 
Cylindrichnus, Diplocraterion, 
Ophiomorpha, Palaeophycus, Planolites, 
Rosselia, Skolithos, Teichichnus, 
Thalassinoides and fugichnia. 

Delta Front MFS CC, 
WRS/SU 
or RSME 

FA4 – River-
dominated 
delta 

7e - Mudstone-dominated heterolithic 
succession consisting of interbedded silty 
mudstone and sandstone. 
- mud-vfU sand. 
- Wave ripple lamination, low-angle parallel, 
lamination, normal grading. 
- Wavy bedding, convolute bedding, soft-
sediment deformation, wood fragments, 
carbonaceous debris. 
 

BI = 1-3 
Chondrites, Palaeophycus, Phycosiphon, 
Planolites, Thalassinoides. 

Prodelta MFS CC, 
WRS/SU 
or RSME 
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Facies 
Association 

Facies Sedimentology Trace Fossils Depositional 
Environment 

Basal 
Surface 

Top 
Surface 

8b - Sandstone-dominated heterolithic 
succession, consisting of silty sandstone 
and sandstone intercalated with mudstone 
beds. 
- mud-fL sand. 
- Trough cross-stratification, low-angle 
parallel lamination, combined-flow ripple 
lamination, rare HCS. 
 

BI = 0-2 
Diplocraterion, Palaeophycus, 
Thalassinoides and fugichnia. 

Delta Front MFS SU, CC 
or 
WRS/SU 

9a - Trough cross-stratified sandstone. 
- fL-mL sand. 
- Trough cross-stratification, low-angle 
planar parallel lamination, current ripple 
lamination. 
- Minor carbonaceous debris along bedding 
planes. 

BI = 0-2 
Ophiomorpha, Palaeophycus 

Distributary 
Channel 
Complex 

Autogenic 
Scour  

WRS/SU 
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4.5.2. Systems Tracts 

Characteristics of the Viking Formation Falling-Stage Systems Tract 

Deposits of the falling-stage systems tract accumulate during relative sea-level 

fall (i.e., negative accommodation), when the shoreline progrades and downsteps 

relative to previous landward positions (Posamentier et al., 1992; Hunt and Tucker, 

1992; Catuneanu et al., 2011; MacEachern et al., 2012b). In coastal positions, fluvial 

incision, sediment bypass and pedogenesis occur as a result of lowering of relative sea 

level. Incised valleys formed during relative sea-level fall, during which time, very little 

sediment accumulates in valleys: instead, the valleys act as conduits of sediment bypass 

and deliver coarse-grained detritus to forced regressive shorelines (Catuneanu et al., 

2011). 

FSST deposits are bounded at the base by the basal surface of forced 

regression (BSFR), which may, in part, be reworked and replaced by the regressive 

surface of marine erosion (RSME; Hunt and Tucker, 1992; Catuneanu, 2006; Fig. 4.13). 

Where preserved, the BSFR is typically conformable and marked by an increase in grain 

size at the contact between HST marine mudstone and the overlying FSST marine 

mudstone and siltstone (MacEachern et al., 2012b). The RSME is demarcated locally by 

a firmground omission suite or a palimpsest softground assemblage (Table 4.1). In the 

study area, the RSME is erosional, commonly separating distal facies below from 

deposits of the upper or lower shoreface (FA2) or delta front (FA3 and FA4) above 

(Table 4.1). Facies above the RSME tend to be coarser grained than those underlying 

the bounding surface and may represent the coarsest sediment calibres in the basin. 

Where FSST deposits overlie a BSFR, the contact is typically gradational and expressed 

as a mud-on-mud contact. The BSFR commonly separates offshore (FA2) and prodelta 

(FA3) facies of the FSST from underlying muddy units of the HST (FA2 and FA3). 
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Figure 4.13  Schematic of falling-stage, lowstand and transgressively incised 
shorelines (Schultz et al., in prep modified from MacEachern et al., 
2012b). A – C on this diagram represents the underlying facies 
plates and what potential reservoirs would look like in each systems 
tract. A) Falling-stage systems tract deposits at the Joarcam field. 
UWI. B) Halo-play in the lowstand systems tract at Judy Creek. The 
lower shoreface deposits are highly bioturbated (BI 3 – 5) and are 
overlain by a thick mudstone unit, making it an ideal stratigraphic 
trap. 100/12-26-63-11W5 from 1447 – 1452 m. C) Transgressively 
incised shoreface at the Two Creeks Field. 100/16-13-64-17W5 from 
1494 – 1499 m. 
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The upper bounding surface of the FSST is commonly cemented, due to 

subaerial exposure during development of the SU (e.g., MacEachern et al., 2012b; Fig. 

4.13). In most Viking fields containing preserved FSST, the overlying SU shows 

erosional reworking during subsequent transgression, forming a co-planar wave 

ravinement surface/subaerial unconformity (WRS/SU), which is locally mantled by a 

transgressive lag. In the study area, paleosol development was not identified in core, 

likely due to the extent of reworking the subaerial unconformity experienced during the 

ensuing transgression. Other Viking fields occupying more proximal areas of the basin 

may preserve paleosols (e.g., Crossfield; see Díaz, 2020), but these reside outside of 

our study area.  

The FSST deposits generally display thin, coarsening-upwards, sand-rich 

intervals that range from 2 – 8 m thick. The distribution of FSST is patchy, reflecting the 

variability of wave-reworking that occurs along a paleoshoreline, subsequent subaerial 

exposure during continued relative sea-level fall, and/or transgressive erosion during 

later relative sea-level rise. A significant number of FSST deposits have been mapped 

outside of the STZ, which were likely produced because of the low accommodation that 

prevailed. These FSST deposits were preserved owing to rapid rates of transgression 

and more rapidly created accommodation. 
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Figure 4.14 Previous page. The location of the 8 cross sections that were used 
for this study (Schultz et al., in review). On this map, the Snowbird 
Tectonic Zone is represented by the dashed lines. Cored intervals 
that were used in the cross section are blue. Cored intervals that 
were logged for the study are in red. Solid blue circles indicate wells 
without core used in the cross sections. The colour schematic for 
the cross-sections is highlighted under the Cross Section Legend. 

 

Characteristics of the Viking Formation Lowstand Systems Tract 

The transition from FSST to LST typically marked by a subtle decrease in grain 

size (corresponding to the initial trapping of coarse sediment as rivers establish grade), a 

change in sedimentary environments (or patterns of deposition), and a change in the 

trace fossil suite (i.e., trace fossil distributions, sizes and abundances; e.g., Hunt and 

Tucker, 1992; Posamentier and Walker, 2006; Catuneanu, 2006; MacEachern et al., 

2012b; Catuneanu, 2020). It is commonly challenging to recognize the transition from 

FSST to LST, particularly where no discernible change in depositional environments is 

recognized or where only geophysical well log data are available.  

Fluvial LST deposits of the Viking Fm overlie a SU. The shoreface and delta 

deposits of the LST overlie the CC, which separates them from the underlying FSST 

deposits (Fig. 4.13). The CC is expressed as a gradational contact, which is challenging 

to identify without cored intervals. In proximal marine positions, Viking LST shoreline 

deposits record upper shoreface and lower shoreface (FA2) or delta front (FA3 and FA4) 

environments that prograded basinward from the position of the last FSST shoreline. 

This commonly juxtaposes similar depositional environments from the FSST to the LST. 

The vertical transition is marked by a subtle decrease in grain size and an increase in 

the diversity and abundance of trace fossils (Tables 4.1 and 4.2). In distal marine 

positions, LST deposits are characterized by offshore (FA2) or prodelta (FA3 and FA4) 

mudstone (Table 4.2).  

In the second sequence of Viking deposition at Judy Creek, the late LST deposits 

are capped by fluvial topset beds (MacEachern et al., 2012b). As in most low 

accommodation settings, the MRS at Judy Creek shows transgressive modification, 

forming a coplanar WRS/MRS manifested as a sharp lithological break between the 
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underlying proximal expressions of FA2, FA3 and FA4 and the distal expressions of 

FA2, FA3 and FA4 of the overlying transgressive systems tract. In distal settings, where 

the MRS lies below the zone of wave reworking, the contact ranges from sharp to 

gradational, and separates FA2 and FA3 of the LST from overlying marine mudstones of 

FA2 in the TST (Figs. 4.15 – 4.18). 

It is essential that the lowstand systems tract deposits are identified, as they 

represent the progradational limits of Viking deposition for their respective sequences. 

Potential lowstand shorelines for the Viking are preserved at Chigwell (Sequence 1), 

between Judy Creek and Beaverhill Lake (Sequence 2), and near the Westlock Field 

(Sequence 3; Fig. 4.6). 
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Figure 4.15  Previous page. Cross sections oriented along-strike of the 
paleoshoreline trend (Schultz et al., 2020). The distribution of wells 
for A – A’ and B – B’ and the legend for the facies colour scheme 
and stratigraphic surfaces is found on Figure 7. Cross section A – A’ 
documents the along-strike variability between the Judy Creek and 
Beaverhill Lake fields. In this section, over-thickening of S2 
highstand deposits is highlighted. Cross section B – B’ documents 
the along-strike variability of the Viking in a more proximal position. 
Along this section, valley incision events at Crystal are included. 
The S2 Viking deposits are over-thickened in this area of the basin 
as well, leading to the juxtaposition of thick 2TST with 2HST 
deposits. The 2MFS shows a stepped orientation in order to 
document that the 2HST and 2TST were deposited concurrently. 
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Figure 4.16  Previous page. Cross section C – C’ is oriented along depositional 
strike, while D – D’ is oriented down depositional dip (Schultz et al., 
in prep). The distribution of wells for C – C’ and D – D’ and the 
legend for the facies colour scheme and stratigraphic surfaces is 
found on Figure 7. C – C’ resides along the SW margin of the study 
area, encompassing the most proximal deposits for this study. This 
section demonstrates that there is still pronounced over-thickening 
of the deposits within the STZ, particularly in the 2HST. D – D’ is 
constructed from the Sundance-Edson area down dip towards Judy 
Creek. This section is constructed outside the STZ and many of the 
sequences here were deposited in low accommodation. This 
resulted in amalgamated and co-planar surfaces to form throughout 
much of the area. 
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Figure 4.17  Previous page. Cross sections oriented in the down depositional dip 
orientation (Schultz et al., in prep). The distribution of wells and the 
legend for the facies colour scheme and stratigraphic surfaces is 
found on Figure 7. Cross sections E – E’ and F – F’ are located 
within the Snowbird Tectonic Zone. In this area, the 2HST deposits 
are markedly over-thickened when compared to those found on D – 
D’ and H – H’. The facies in this area tend to be more deltaic in 
Sequence 2, which is likely due to rivers preferentially flowing into 
the topographic low that was created during tectonic reactivation of 
the STZ. Accommodation space was greater during this time, 
leading to thicker 2ST and 2HST deposits within the STZ. 
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Figure 4.18  Previous page. Cross sections G – G’ and H – H’ are oriented down 
depositional dip (Schultz et al., in prep). The distribution of wells and 
the legend for the facies colour scheme and stratigraphic surfaces 
is found on Figure 7. G – G’ occurs adjacent to the SE margin of the 
STZ. In this area, the coeval deposition of transgressive and 
regressive deposits is observed. This unique stratal stacking pattern 
contains a highly diachronous MFS that cannot be used as a reliable 
datum. The over-thickened 2TST deposits are composed of high-
frequency genetic stratigraphic sequences (hf-GSS) that are overlain 
by high-frequency maximum flooding surfaces (hf-MFS). The MFS is 
expressed as a stepped geometry in order to demonstrate the 
diachroneity of the surface and to show that the 2HST and 2TST 
deposits formed concurrently. H – H’ trends from the Crystal area 
down dip towards the Beaverhill Lake field. 

Characteristics of the Viking Formation Transgressive Systems Tract 

Valleys are excavated during FSST and early LST and their bases represent the 

SU.  Valley bases may be reworked during transgression, forming a TRS/SU or FS/SU 

overlain by estuarine deposits. In interfluve areas, the SU may not be transgressively 

reworked until shoreline retreat returns the area to marine conditions, commonly marked 

by wave ravinement of the subaerial unconformity (WRS/SU; e.g., Crystal and Cyn-Pem 

fields of Fig. 4.6; Reinson et al., 1988; Pattison and Walker, 1994; MacEachern and 

Pemberton, 1994; MacEachern et al., 2012b). The architecture of these systems is 

internally complex, due to the fact that the fields generally preserve the erosional 

remnants of more than one sequence of incision and deposition (see Reinson, 1985; 

Pattison and Walker, 1994). The re-incision of many Viking valleys leads to the 

juxtaposition of fluvial LST deposits with TST estuarine valley deposits (FA5; Fig. 4.11), 

commonly of different sequences. 

The TST shoreline may comprise upper shoreface to offshore (FA2) or delta front 

to prodeltaic (FA3 or FA4) deposits (Fig. 4.9). In areas where the MRS has been 

modified during transgression, the facies overlying the WRS/MRS may include lower 

shoreface to offshore (FA2) and prodeltaic (FA3 and FA4) deposits.  

Transgressive deposits in the Viking Formation have a wide variety of 

expressions depending on the accommodation available during deposition. A number of 

transgressively incised shallow-marine deposits have been documented in Viking strata 

and these are linked to area of limited accommodation (e.g., Pattison and Walker, 1998; 

MacEachern et al., 1999; Burton and Walker, 1999; Pemberton et al., 2004). 
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Transgressively incised shorefaces overlie a transgressively modified SU (WRS/SU), 

and may be identified by an erosional lag associated with transgressive erosion. 

Shorefaces (FA2) are the dominant transgressive deposits, but it is possible that deltas 

(FA3) may also form. In areas that were deposited under higher accommodation, thicker 

transgressive packages occur, and these form retrogradationally stacked, high-

frequency genetic stratigraphic sequences. These deposits range from offshore to lower 

shoreface (FA2) or prodeltaic (FA4), and they generally are preserved adjacent to 

inferred fault margins (e.g., Snowbird Tectonic Zone). 

Characteristics of the Viking Formation Highstand Systems Tract 

HST deposits in the Viking Fm are typically recognized by coarsening-upward 

intervals overlying significant thicknesses of marine mudstone, and the entire succession 

records normal regression following a period of relative deepening. The transition from 

fining-upward intervals of the TST and the coarsening-upward of the HST marks the 

position of the MFS, and is readily visible on geophysical well logs (Fig. 4.5).  HST units 

that downlap onto the MSF generally comprise upward transitions from offshore to 

middle shoreface deposits (FA2) or prodeltaic to delta-front (FA3 and FA4) deposits 

(Figs. 4.9 – 4.11). In proximal positions, upper shoreface deposits of FA2 or delta-front 

deposits of FA3 and FA4 may directly overlie the landward limits of the MFS (Figs. 4.15 

– 4.18). Within the HST, the most diverse range of depositional environments of all 

systems tracts are encountered, and include all facies expressions of shorefaces (FA2), 

wave-dominated deltas (FA3), river-dominated deltas (FA4), and fluvial channels (FA6) 

(Figs. 4.8 – 4.11). 

 When the HST is overlain by a RSME, the expression is variable owing to 

erosional incision. In some scenarios, the RSME incises into upper offshore HST 

deposits and erosionally emplaces sandstone of the FSST onto mudstone of the HST. In 

situations where the HST is overlain by a BSFR, the transition is generally a subtle mud-

on-mud contact, and marked by only slight variations in the distal facies of the HST and 

the FSST. In these instances, careful facies recognition is required to separate the FSST 

from the HST. 
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4.5.3. Architecture of Viking Formation Sequences 

The Viking Formation preserves the record of at least 4 depositional sequences, 

marked by the locations of lowstand paleoshorelines in various positions in the basin. 

The focus of this study is Sequences 1–3 as these units form the bulk of the succession 

in the study area. The Joli Fou Formation and the 4th sequence of the Viking Formation 

are only discussed briefly herein. Numbers that are placed in front of systems tract 

acronyms correspond to the sequence of deposition to which they belong (e.g., the 

falling-stage systems tract of Sequence 1 = 1FSST). 

Eight cross sections were created for this study, in order to demonstrate the 

changes in stratal stacking patterns and facies associations. Cross sections A–A’ to C–

C’ (Figs. 4.14 and 4.15) are oriented in an approximately along-strike orientation relative 

to the paleoshoreline. Cross sections D–D’ to H–H’ (Figs. 4.15–4.17) are oriented down 

depositional dip. At least two wells from each section tie into other cross sections to 

show how surfaces and facies associations change along depositional strike and down 

depositional dip. The stratigraphic relations described throughout this section are shown 

on the eight cross sections. 

Joli Fou Sequence (JF-S) 

The Joli Fou Formation is identified lithostratigraphically by the thick succession 

of basinal (offshore-shelfal) mudstone. The Joli Fou is interpreted to have been 

deposited during the major marine transgression that preceded Viking deposition. In the 

study area, the Joli Fou Formation contains a remnant HST (JF-HST) as well as the 

underlying TST (JF-TST). During the transgression of the Joli Fou, it is likely that 

estuaries and paleoshorelines were located in proximity to the evolving Cordilleran 

deformation front, southwest of the study area. These deposits are likely preserved as 

the informally designated “Basal Colorado”, however the position of the HST shorelines 

in the Joli Fou Fm have not been identified to date. 

The MFS separating the Joli Fou TST from the HST is one of the datums 

selected for use in the cross sections. The transition to the HST is marked by the 

gradual increase of silt and very fine-grained sand content in the mudstone across the 

contact. The JF-HST terminated following at the initial drop in relative sea level that 

marks the onset of Viking Fm deposition. The Joli Fou thins to the NE (Fig. 4.19). 
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Figure 4.19 Isopach of the Joli Fou Formation from the top of the Mannville 
Group (WRS/SU) to the 1WRS/SU surface. The contour interval is 1.0 
m. 

Viking Sequence 1 (S1) 

The extent of the falling-stage and lowstand systems tracts (1FSST/LST) of 

Sequence 1 is minimal in the study area, residing primarily towards its southwestern 

edge (Figs. 4.6, 4.15, 4.20). There are few cored intervals in the SW extent of the study 

area, but based on the geophysical log characteristics, there are thin 1FSST shorefaces 

(FA2) or deltas (FA3 and FA4) preserved, and which overlie a RSME incised into the 

underlying JF-HST. These units downstep towards the Chigwell Field, where a remnant 

of the 1LST is preserved. The distribution of the LST is variable within the STZ and to 

the NW, therefore more core data are required to validate the extent of the CC and 

accurately establish the spatial distribution of the 1LST paleoshoreline. 

The 1FSST/LST is overlain by a thin transgressive package (1TST), which is 

constrained between 1WRS/SU and 1MFS. This thin transgressive unit comprises 

offshore deposits (FA2) and suggests a short-lived transgression during the rapid 

creation of accommodation space following lowstand conditions (Figs. 4.15 – 4.18). 

The 1HST forms the progradational “parasequences” that have previously been 

referred to informally as the “regional” Viking (see Boreen and Walker, 1991). In the 

current model, these “regional” cycles are represented by stacked high-frequency 
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genetic stratigraphic sequences (hf-GSSs). The hf-GSSs are dominated by distal 

offshore through to lower shoreface (FA2) and prodelta (FA3) deposits. The orientation 

of progradation into the basin is roughly towards the NE, oblique to the Cordilleran 

deformation front. 

 

Figure 4.20 Isopach for Sequence 1 from the 1WRS/SU to 2WRS/SU. The contour 
interval is 1.5 m. 

Viking Sequence 2 (S2) 

Sequence 2 (S2) is characterized by a major drop in relative sea level. Initiation 

of this relative sea-level fall generated 2FSST and resulted valley incision throughout the 

basin. Commonly, incised valley complexes (see Crystal, Willesden Green, and 

Sundance-Edson on Fig. 4.6) are observed adjacent to the STZ. The internal geometries 

of the valley systems are complex, as many fields are presumed to have undergone 

multiple incision events (i.e., multiple sequences; see Pattison and Walker, 1994, 1998). 

During their incision, these valley systems are inferred to have operated as conduits for 

delivering sediment to the 2FSST shorefaces (FA2) and deltas (FA3 and FA4). The 

shoreface and deltas progressively downstep and prograde towards the NE during 

continued base-level fall (Figs. 4.15 – 4.18). The distribution of the 2FSST deposits is 

discontinuous across the study area, reflecting the variable but limited accommodation 

that was available along depositional strike (Figs. 4.15 – 4.18). The 2LST occurs along a 

shoreline trend preserved between the Judy Creek and Beaverhill Lake fields (Figs. 4.6, 

4.15). The LST is expressed by proximal offshore to upper shoreface (FA2) and prodelta 
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to delta-front (FA3 and FA4) environments. The transition from 2FSST to 2LST is 

marked by a subtle decrease in grain size over the 2CC, which is mappable along-strike 

between the Judy Creek and Beaverhill Lake (Fig. 4.15). 

 

Figure 4.21 Isopach for Sequence 2 from the 2WRS/SU to 3WRS/SU. The contour 
interval is 2.0 m. 

A subsequent relative sea-level rise led to progressive landward shift of facies 

and widespread development of 2TST.  The 2TST records significant variability in 

thickness and distribution (Figs. 4.15 – 4.18). Deposits that accumulated on the flanking 

margins of the STZ record depositional thicknesses of less than 3 m. Within the STZ, 

however, 2TST deposits range from 2 – 30 m in thickness, with the thickest expression 

of this systems tract adjacent to the SE margin of the STZ (Fig. 4.15).  In areas where 

thicker 2TST deposits are preserved, retrogradational stacking patterns of high-

frequency genetic stratigraphic sequences are observed. In some areas along this fault 

margin, the 2TST and 2HST deposits are laterally juxtaposed in the subsurface, 

demonstrating that they accumulated concomitantly (Schultz et al., 2020). The 2TST 

deposits that occur on the flanking margins of the STZ record deposition in proximal 

offshore to lower shoreface environments (FA2). The deposits that occur in the over-

thickened sections record proximal offshore to lower shoreface (FA2) and prodeltaic 

(FA4) environments. The over-thickened deposits indicate that the reactivation of the 

STZ faults began sometime during the deposition of 2TST, refining the time of tectonic 

activity in the basin. 
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The 2HST deposits record similar trends of variability in depositional thickness. 

Deposits that accumulated along the flanking margins of the STZ range from 2 – 10 m 

thick. Within the STZ, the deposits are markedly over-thickened, and range from 10 – 35 

m thick. The lateral juxtaposition of the overthickened 2HST and 2TST packages creates 

a complex depositional stacking pattern. The 2HST deposits include proximal offshore 

through to upper shoreface (FA2), as well as prodelta, delta-front and distributary 

channel (FA3 and FA4) deposits. The over-thickened 2HST deposits indicate that 

continued subtle reactivation of the STZ occurred during deposition (Fig. 4.21). 

Viking Sequence 3 

At some point between the deposition of 2HST and 3FSST, the tectonic 

reactivation of the STZ subsided, resulting in a return to low accommodation conditions. 

This sequence is relatively thin when compared to S2 (Fig. 4.22). The deposition of 

Sequence 3 was initiated by a major drop in relative sea level. The valley systems at 

Crystal and Cyn-Pem record evidence of re-incision, attesting to this relative sea-level 

drop (Pattison and Walker, 1994, 1998). The distribution of the 3FSST is discontinuous 

across the study area and records deposition in lower to upper shoreface (FA2) and 

prodelta to delta-front (FA3) environments (Figs. 4.15 – 4.18). The 3FSST ranges in 

thickness from 3 – 10 m. 

 

Figure 4.22 The isopach for Sequence 3 from 3WRS/SU to the top of the Viking 
Formation. Contour interval is 1.5 m. 
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The 3LST deposits are inferred to occur along the paleoshoreline trend of the 

Westlock Field (NE portion of the study area) (Figs. 4.6, 4.15, 4.17). The 3LST deposits 

are not observed along-strike towards the NW (distal of Judy Creek), as the LST 

shoreline orientation extends outside of the NE margin of the study area (Fig. 4.6). The 

3LST paleoshoreline in the study area is dominated by prodelta to delta-front 

environments (FA4) (Fig. 4.15, 4.17). 

The 3TST deposits are retrogradationally stacked and range from 3 – 10 m thick 

in the Westlock area. This area is mudstone dominated, recording distal offshore 

through to lower shoreface (FA2) and prodelta (FA3 and FA4) environments. 

Transgressively incised shorefaces are preserved along the SW margin of the study 

area and include shoreface (FA2) and deltaic (FA3) deposits. 

Deposits of 3HST are recorded throughout the study area, and range from 2 – 12 

m in thickness. In the area SE of the STZ, the 3HST deposits predominantly comprise 

storm-dominated shoreface successions (FA2). Although storm deposits may be 

observed in other Viking sequences, none are as persistent or continuous as those 

constituting 3HST. These deposits vary in the degree of storm domination, with the most 

pronounced storm deposits found in the SE of the study area near the Joarcam field. 

Viking Sequence 4 

Sequence 4 was not evaluated in detail. In this study area, this succession 

represents late-stage 4TST Viking deposition and early 4HST (Westgate Fm) deposition. 

In the northeastern margins of the study area near the Westlock Field, the HST and TST 

deposits are preserved. The LST deposits have been evaluated in other studies and 

they occur outside of the current study area (Pozzobon and Walker, 1990). There are 

many fields in east-central Alberta and Saskatchewan that have not been incorporated 

into this proposed model. 

4.6. Discussion 

4.6.1. Application to Exploration 

Four new types of plays are identified using the newly developed sequence 

stratigraphic framework, and these plays apply to future exploration and hydrocarbon 
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production from the Viking Fm within the study area. The ability to identify new Viking 

reservoirs depends on correctly mapping the orientation and distribution of each 

sequence and its requisite systems tracts in order to accurately assess economic 

potential and risk. The new play types include: i) forced regressive shorelines; ii) incised 

valleys; iii) lowstand shorelines; and iv) transgressively incised shorelines. The four 

exploration models considered here have various parameters that define what facies 

may be productive, and lead to the assessment of a reservoir being classified as 

‘conventional’, ‘tight oil or gas’, or as a ‘halo play’. A schematic for forced regressive, 

lowstand and transgressively incised shorelines is provided in Figure 4.13. 

Conventional reservoirs were the initial production targets in the Viking Fm, with 

resources extracted using vertical wells. Production from most conventional reservoirs 

peaked in the early 1970’s and has steadily declined since then (National Energy Board, 

2011). As extraction techniques progressed, some older Viking fields were re-exploited 

using enhanced recovery, including employing horizontal drilling techniques (e.g., 

Joarcam; Enerplus Report, 2015). 

There are two types of tight oil plays that are common in the Western Canadian 

Sedimentary Basin (National Energy Board, 2011). The first type is a self-sourced tight 

shale reservoir with very low permeabilities. The second type is associated with oil that 

has migrated out of source rocks and is trapped in low permeability(tight) sandstone, 

siltstone and limestone beds. Tight-oil plays in sandstone and siltstone typically have 

better reservoir potential than shale oil, but are still lower quality than conventional 

reservoirs. In the Viking Fm, the second type of tight oil play (i.e., oil sourced from 

another unit and trapped in low permeability siltstones and sandstone facies) is 

common. Typically, these types of reservoirs are produced using horizontal wells and 

enhanced reservoir recovery methods (e.g., multi-stage hydraulic fracturing). It was 

estimated by the Canadian Energy Regulator (formerly National Energy Board) in 2011 

that there are approximately 58 million barrels of recoverable oil remaining in tight oil 

plays in the Viking Fm across Saskatchewan and Alberta. 

Bioturbated facies of distal marine environments form relatively recently exploited 

reservoirs. “Halo plays” refer to deposits that occur outside of a main producing field that 

were previously overlooked as non-prospective (see Clarkson and Pedersen, 2011; 

Friesen et al., 2017). Distal marine facies that contain a significant amount of 
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bioturbation may constitute a type of halo-play outside of a conventional producing field. 

Ongoing work has shown that various types of bioturbation can enhance porosity and 

permeability within some of these facies (Lemiski et al., 2011; La Croix et al., 2012, 

2017; Hsieh et al., 2015). The original assumption was that bioturbation degraded 

reservoir properties, due to the reworking of sediment and the introduction of mud as 

organisms colonized and processed the substrate. By contrast, bioturbation has been 

observed to enhance certain reservoir qualities in some cases (e.g., Gingras et al., 1999; 

Pemberton and Gingras, 2005; Tonkin, 2010; Lemiski et al., 2011; Gingras et al., 2012; 

La Croix et al., 2012; Knaust, 2014; Hsieh et al., 2015). 

Forced Regressive Shorelines 

The recognition of the development of incised valleys demonstrates instances of 

pronounced sediment bypass and subsequent deposition that occurred in a basinward 

direction. The extent of shoreline systems that develop in response to a relative sea-

level fall is related to the size of the valley system (Pattison, 2019). The distribution and 

orientation of forced regressive shorelines is therefore a function of accommodation, 

sediment supply and the magnitude of relative fall in sea level. A high-resolution 

predictive model in areas with good well control and/or cored intervals allows for a better 

assessment of the paleo-shoreline orientation. As well, for areas that have previously not 

been included in any model, mapping the FSST shorelines may lead to the identification 

of new, though smaller conventional plays. 

The last FSST shoreline forms a potential reservoir that lies immediately 

landward of the LST shoreline position. In general, the forced regressive shorelines have 

greater top truncation of units and coarser grained sediment near the top of the interval. 

Such coarser bedsets tend to be cemented, owing to their subaerial exposure during 

ongoing forced regression and lowstand (Fig. 4.13A). Early forced regressive deposits 

that are preserved landward of the LST shoreline are exposed sooner and for longer 

periods of time, and are most susceptible to cementation and/or erosion during the 

generation of the SU.  However, as forced regression proceeds, and the shoreline shifts 

progressively basinward, this becomes less pronounced making the later forced 

regressive deposits better conventional reservoirs.   

In areas where distal expressions of FSST shorefaces and deltas are preserved, 

halo-plays may be present. Due to the FSST shorelines being susceptible to subaerial 
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exposure and cementation, small pools may have been previously overlooked and 

regarded as non-prospective. With enhanced recovery techniques and horizontal drilling, 

these thin FSST shorelines may constitute a viable reservoir unit. 

Incised Valley Fill 

Prior to 1978, production targets in the Viking Fm were the thin linear sandstone 

bodies that trend in a NW–SE orientation (Reinson et al., 1988). The Viking was 

extensively explored and exploited from the 1950s to 1970s, with interest decreasing as 

conventional reservoirs became more challenging to find (Reinson et al., 1988). In 1978, 

Crystal Field was discovered, which sparked renewed interest in the Viking Fm. Crystal 

Field is distinctive as it trends from the SW–NE, which is oblique to the regional trend of 

shoreline progradation. These deposits were the first in the Viking to be described as 

estuarine incised valley fills, beginning a search for other potential Viking Fm incised 

valleys.  

Crystal Field is unique when compared to other Viking incised valley fields, as it 

has two separate oil pools, owing to multiple incision events that occurred during 

deposition of Sequences 2 and 3 of the Viking Fm (Reinson et al., 1998; Pattison and 

Walker, 1994). The valley fill at Crystal consists of thick sandstones and conglomerates, 

and in areas that have preserved multiple incision events, the careful recognition and 

correlation of facies associations within lowstand and transgressive systems tracts is 

critical to accurately mapping the distribution of reservoir units. 

The primary reservoir facies that have been identified at Crystal include tidal 

channels (TST); fluvial channels (LST), which compose the main reservoir bodies; and, 

estuary bay fill deposits that comprise a secondary reservoir unit (Reinson et al., 1988; 

Pattison and Walker, 1998). These units have been targeted using conventional vertical 

wells. After the discovery at Crystal, other Viking fields including Sundance-Edson 

(Pattison, 1991; Pattison and Walker, 1998), Cyn-Pem (Pattison, 1991) and Willesden 

Green (SW of current study; Boreen and Walker, 1991) were recognized as incised 

valleys. In these fields the tidal channels and bay fill deposits of the TST were targeted 

for production. The recognition of estuarine facies through an integrated ichnological-

sedimentological approach is required to accurately identify a field as estuarine incised 

valley. 
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Reservoir facies that may have been overlooked within incised valleys largely 

occur within the transgressive systems tracts, and include sandy bay-head deltas at the 

landward limits of the wave-dominated estuaries, as well as the tidal inlet and flood tidal 

delta deposits towards the estuary mouth. The bayhead delta deposits tend to contain a 

significant amount of bioturbation which may have led to variable permeabilities in the 

reservoir facies. 

Lowstand Shorelines 

Accommodation can be created during the LST due to slowly rising relative sea 

level. Fluvial systems deliver sediment to the lowstand shoreline, creating potential 

reservoir bodies in the fluvial (where preserved) channels and shoreface and delta 

components of the systems tract. The lowstand systems tract represents the furthest 

extent of shoreline progradation and is potentially capped by muddier transgressive 

units. At Judy Creek and Beaverhill Lake (Fig. 4.6), hydrocarbons have been produced 

conventionally from lowstand shoreline deposits using vertical wells that were drilled into 

the proximal shoreface facies (FA2). Distal shoreface and proximal offshore deposits 

associated with these lowstand shorelines are overlain by mudstone and may constitute 

halo plays that remain unexploited (Fig. 4.13B).  

One example of a potential halo play in the study area occurs at the lowstand 

shoreline position preserved at Judy Creek Field (Fig. 4.6). In the distal shoreface (FA2) 

of the lowstand, an abundance of Phycosiphon trace fossils are found. It is possible that 

the Phycosiphon increased the permeability of the distal facies, similar to that observed 

by Lemiski et al. (2011) in a study of the Cretaceous Alderson Member in 

Saskatchewan. Lemiski et al. (2011) observed that facies that contained an abundance 

of Phycosiphon were significantly better reservoir than other facies. A future study that 

assesses the porosity and permeability of bioturbated distal shoreface muddy 

sandstone, using a micropermeameter could yield valuable insights into the effects of 

bioturbation on Viking Fm reservoir quality. These data can then be used to identify 

zones of the lowstand systems tract that may be prospective for future exploration. 

Transgressively Incised Shorelines 

There are several reservoirs in the Viking Formation that have been interpreted 

as transgressively incised shorefaces (e.g., Walker and Wiseman, 1995; Burton and 
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Walker, 1999; MacEachern et al., 1999). These fields occur predominantly outside of the 

current study and include: Joffre (MacEachern et al., 1999), Gilby (Raddysh, 1988), 

Chigwell (Raychaudhuri et al., 1992), and Wolf Creek (Pattison and Walker, 1998). 

These fields all have limited areal extents in the subsurface, but have delivered 

significant volumes of hydrocarbons.  

The TSTs are well expressed in Sequences 2, 3 and 4 across the study area. 

Sequence 3, in particular, shows evidence of complex and incremental relative sea-level 

rise (Pattison, 1991), suggesting that there is good potential for numerous TST incised 

shorefaces within the study area in Sequence 3. A good understanding of shoreline 

orientations and accurate prediction of along strike trends of known transgressively 

incised shorefaces could lead to future discoveries. Their recognition through facies 

analysis and the distribution of trace fossil omission suites (see MacEachern et al., 

1999) and mapping of deposits will be key to understanding if any remaining and 

unexploited transgressively incised shorefaces could constitute significant reservoirs.  

Halo-plays in transgressively incised shorelines may constitute significant 

reservoir units too, as shoreline deposits typically overlie erosional discontinuities and 

have the potential to form relatively thick intervals due to the increase in accommodation 

during deposition. In general, the distal lower shoreface and prodelta deposits are 

bioturbated units (Table 4.3) and could be a potential unit of biogenically enhanced 

permeability similar to the scenario proposed for Judy Creek. In such areas, a micro-

permeameter study on cored intervals would be required to properly assess the effect of 

bioturbation on permeability. 

Along-Strike Facies Variability 

The along-strike facies variability in a shoreline is important to define, owing to 

the differences in the reservoir properties associated with shorefaces, deltas and fluvial 

systems. Variability in the orientation and distribution of systems tracts can be affected 

by allogenic (e.g., climate, tectonism) and autogenic (e.g., delta lobe switching, channel 

avulsion) controls (Zecchin and Catuneanu, 2020). 

At Joarcam Field (Fig. 4.6), for example, the 3FSST deposits comprise the main 

reservoir facies. The along-strike variability has a marked impact on the reservoir 

properties and how the interval is produced. In the NW section of the field (Twp 49–50, 
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R20–21W4), upper shoreface deposits are coarse to very coarse grained, well sorted, 

and porous (20–30%). From the 1950’s to 1980’s the reservoir in the NW section of the 

field was produced by drilling vertical wells. The SE section of the field (Twp 47–48, 

R18–20W4), by contrast, show facies that are markedly heterogeneous, with mudstone 

beds up to 10 cm thick interbedded with the coarser grained sand. The 3FSST deposits 

in this section are interpreted to record an asymmetric to deflected, wave-dominated 

delta. To produce from the heterolithic units, horizontal wells and secondary recovery 

techniques such as water floods were required (Enerplus Report, 2015). 

Wave-dominated deltas are identified as an end-member environment on wave-, 

tide-, river- ternary classifications of deltas (Coleman and Wright, 1973; Galloway, 1975). 

More recently, mixed-process asymmetric deltas have been identified (e.g., 

Bhattacharya and Giosan, 2003; Weiguo et al., 2011; Ayranci and Dashtgard, 2016; 

Díaz, 2020). In a wave-dominated delta, the lobes are typically symmetrical and display 

similar facies characteristics on either side of the trunk distributary channel. In wave-

influenced deltas, the degree of longshore drift can have an effect on the morphology, 

causing an asymmetric or deflected delta to form (Bhattacharya and Giosan, 2003). 

Facies variability on updrift and downdrift sides on the trunk distributaries can occur in 

systems with strong riverine discharge, which acts as a barrier (groyne) to longshore drift 

past the distributary mouth (Bhattacharya and Giosan, 2003).  Asymmetric wave-

dominated deltas have been identified in ancient successions, with well-defined 

examples preserved at the Ferrybank field of the Belly River Formation (Hansen and 

MacEachern, 2007) and the Notom Delta interval of the Ferron Sandstone (Weiguo et 

al., 2011).  

The updrift side of the 3FSST delta at Joarcam tends to be less affected by 

fluvial processes, and facies successions are broadly similar to those of a strandplain 

shoreface. The more river-influenced successions that accumulated on the downdrift 

side of the delta lobe, by contrast, contain thick heterolithic sand and mud beds. 

The over-thickening of Sequence 2 within the STZ has led to unique stratigraphic 

relationships that can only be resolved when mapping at high-resolution. Along the SE 

margin of the STZ, numerous examples of coeval transgressive and regressive 

deposition exist (Schultz et al., 2020). The juxtaposition of progradational and 

retrogradational stacking patterns indicates that the 2TST and 2HST deposits in this 
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area were deposited at the same time. This unique stacking pattern can occur in a 

variety of settings which include: i) tectonically active fault zones; ii) environments 

characterized by variable sedimentation rates along strike; and iii) areas where 

sedimentation and accommodation rates are variable (Catuneanu, 2019a). In Sequence 

2 of the Viking Formation, it appears to have been a combination of allogenic controls 

(i.e., tectonics of the STZ) and autogenic processes (i.e., delta lobe switching and 

longshore drift) that led to the concurrent deposition of transgressive and regressive 

units. 

 

Figure 4.23  Stepped MFS that separates out coevally deposited transgressive 
and regressive units (Schultz et al., 2020 modified from Madof et al., 
2016). In this scenario, the juxtaposition of the TST and HST in the 
subsurface may lead to hydrocarbon traps in the distal expressions 
of both systems tracts. 

The coeval deposition of transgressive and regressive units in the Viking Fm 

indicates that there were significant shifts in the systems tracts’ geometries during 

tectonic activity. By mapping the high-frequency expressions of genetic stratigraphic 

sequences of Sequence 2, it is possible to map out the evolution of these 

paleoshorelines (Schultz et al., 2020). Areas that accumulated thicker transgressive 

units contain retrogradationally stacked genetic stratigraphic sequences, which shifted 

the paleoshoreline in a landward direction. This caused one area of the shoreline to 

backstep as other areas began to prograde and build out in the basinward direction. The 

juxtaposition of HST and TST units forms complex stratigraphic correlations in the study 



148 

area and the MFS that separates these systems tracts is expressed as a stepped 

geometry in order to showcase the genetic relationship between the 2HST and 2TST 

(Fig. 4.23). Only by mapping systems tracts at a high-resolution could such 

paleoshoreline orientations be explained and an accurate assessment of their 

distribution be determined. It is possible that conventional reservoirs and halo-plays 

occur in the areas where the highstand and transgressive systems tract are juxtaposed 

in the subsurface.   

4.7. Conclusions 

A high-resolution sequence stratigraphic framework and mapping of the Viking 

Fm has permitted the identification of four discrete depositional sequences in central 

Alberta.  Using Depositional Sequence IV nomenclature, four systems tract types (FSST, 

LST, TST and HST) are recognized, an these comprise six recurring facies associations. 

The Joli Fou Formation underlies the Viking Formation and is generally preserved as the 

distal expressions of a transgressive systems tract and a highstand systems tract, which 

records offshore and distal deltaic deposition.  

Sequence 1 is preserved predominantly in the SW portion of the study area 

(Figs. 4.15 – 4.18). Forced regressive and lowstand shorelines and deltas of the 

sequence occur in the Gilby and Chigwell areas (Fig. 4.6). The transgressive and 

highstand systems tracts of Sequence 1 are preserved throughout the study area, and 

generally comprise the distal expressions of delta and shoreface deposits. 

Sequence 2 is stratigraphically complex, owing to tectonic activity that affected 

the distribution and orientation of the systems tracts therein. The forced regressive 

(FSST) and lowstand shorelines (LST) of this sequence were relatively unaffected by the 

tectonic reactivation of basement structures, and their distribution, thickness and 

orientation are relatively uniform along depositional strike (Figs. 4.6, 4.15). Following the 

deposition of the lowstand shoreline, which is preserved between the Judy Creek and 

Beaverhill Lake fields (Fig. 4.6), the Snowbird Tectonic Zone became reactivated, 

leading to a pronounced increase in accommodation between the two fields. Across the 

fault margins, coeval deposition of transgressive and normal regressive stratal packages 

occurred. This led to the juxtaposition of over-thickened, laterally adjacent transgressive 

and highstand systems tracts. In order to accurately map throughout these 
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stratigraphically complex areas, the MFS is expressed as a stepped geometry to convey 

that the highstand and transgressive systems tracts accumulated concurrently (Fig. 

4.23). 

Sequence 3 was deposited during a time of tectonic quiescence as most 

deposits in this sequence retain a relative uniform distribution and thickness along 

depositional strike. Valley incision during the FSST is recorded at the Crystal, Cyn-Pem 

and Sundance-Edson fields. The valleys acted as conduits during the FSST to deliver 

sediment to the forced regressive shorelines. The LST of this sequence is preserved 

along the Westlock Field trend (Fig. 4.6). 

Sequence 4 was not evaluated in detail due to the fact that the majority of the 

FSST deposits and the LST of this sequence is preserved outside of the study area 

(Pozzobon and Walker, 1990). The remnants of this sequence are typically expressed 

as a transgressive lag that overlies Sequence 3. 

By creating a high-resolution model for the Viking Formation, four potential 

resource plays are identified in forced regressive shorelines, incised valley fills, lowstand 

shorelines and transgressively incised shorelines (Fig. 4.13). This high-resolution 

sequence stratigraphic mapping of the Viking Formation will allow industry to identify 

how their Viking units fit into the regional framework, which may lead to new exploration 

opportunities in smaller conventional pools and in halo-plays. 

The mapping of regional HST and TST trends is generally regarded to be 

straightforward or simple, however, by mapping the Viking Fm at high-resolution it 

becomes apparent that allogenic processes and autogenic controls have had significant 

effects on the distribution of systems tracts. Shoreline trajectories do not have a uniform 

distribution along depositional strike and the careful correlation of these units is required 

in order to build a regionally consistent stratigraphic framework. 
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Chapter 5.  
 
Conclusions 

The work that was undertaken as part of this doctoral thesis has led to three 

important contributions that help to resolve the stratigraphy of the Viking Formation in 

the Western Canada Sedimentary Basin. These are: i) the integration of syn-depositional 

tectonism into the sequence stratigraphic framework (Schultz et al., 2019); ii) the 

identification of coeval deposition of HST and TST deposits and how to correlate the 

MFS in these areas (Schultz et al., 2020); and iii) a regional sequence stratigraphic 

framework for the Viking Formation in central Alberta (Schultz et al., prep). An integrated 

core study of 210 cores that total 3800 m of interval were studied so that the 

corresponding facies associations could be placed within their correct sequences and 

systems tracts, and mapped regionally in central Alberta. 

5.1. Research Summary 

5.1.1. Paleotectonics and Sedimentation 

 In the WCSB, there have been few studies that have identified and incorporated 

the structural reactivation of basement structures into the interpretation of studies (e.g., 

Warren, 2000; Zaitlin et al., 2002; McMehan, 2012). These studies identify basement 

structures as dominant controls on the orientation of shoreline geometries and explain 

facies changes across inferred fault boundaries. 

The results from this thesis are the first in the WCSB that use sequence 

stratigraphy to constrain the relative timing of syndepositional tectonism. Initial mapping 

along the Judy Creek to Joarcam paleoshoreline trend showed that anomalously thick 

Viking Formation packages occur in the along-strike orientation. This study documented 

subtle movements that occurred along reactivated Precambrian basement faults in the 

Snowbird Tectonic Zone during the late Albian. Between Judy Creek and Joarcam, no 

single datum can effectively resolve the depositional geometries of the Viking Formation, 

which led to the observation that syndepositional basement readjustment had occurred. 

Multiple datums had to be employed in order to properly assess these tectonic effects. 



151 

 

Figure 5.1  Proposed movement along the Snowbird Tectonic Zone (Schultz et 
al., 2019). 

The movement that occurred along the fault margins of the STZ is documented 

to have occurred prior to and/or during the deposition of the second sequence of the 

Viking Formation. The falling-stage and lowstand deposits of Sequence 2 display no 

significant changes in thickness along depositional strike and are interpreted to have 

accumulated during tectonic quiescence. Following the deposition of the FSST and LST, 

differential subsidence occurred in the Snowbird Tectonic Zone, increasing the 

accommodation space in areas lying between Judy Creek and Joarcam. The 

transgressive and highstand systems tract deposits of Sequence 2 display distinct over-

thickening. Following the deposition of these transgressive and highstand systems 

tracts, the deposits of Sequence 3 are relatively correlative along strike, and it is inferred 

that tectonic quiescence persisted following the deposition of Sequence 2. During the 

deposition of the Westgate Formation and Base of Fish Scales Marker, the basement 

structures in the Snowbird Tectonic Zone were reactivated, as the margins that flank the 

anomaly indicate differential subsidence relative to the STZ. This is manifested as 

thickness changes in the Westgate Formation, as well as by the distortion of the Base of 

Fish Scales Marker over the Snowbird Tectonic Zone. 
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In order to assess the magnitude and timing of basement reactivation, careful 

mapping and identification of systems tracts were essential. Changes in facies 

distribution, sedimentology, ichnology and depositional thicknesses must be identified in 

order to package sediments into their genetically related systems tracts. By doing so, 

and selecting successive datums, the timing of fault movement and the amount of 

accommodation space created can be estimated. Additionally, it is clear that in such 

tectonically dynamic settings, no single datum is capable of properly expressing the 

resulting depositional architectures.  In this study, the orientation and distribution of 

systems tracts could not be mapped reliably without recognizing the role that tectonic 

activity played during deposition. 

5.1.2. Coeval Deposition of Transgressive and Regressive Stratal 
Packages 

Coeval deposition of HST and TST packages have been described in relatively 

few subsurface studies in the literature (e.g., Gill and Cobban, 1973; Wehr, 1993; Madof 

et al., 2015; Madof et al., 2016). These studies draw the MFS as a straight line in 

stratigraphic correlations, which may lead the reader to infer that the MFS has a 

relatively low degree of diachroneity along depositional strike. It also implies that the 

MFS may be utilized as a datum to correlate in future stratigraphic studies.  

 

Figure 5.2  Correlations through coevally deposited HST and TST deposits 
(Schultz et al., 2020 modified from Madof et al., 2016). 
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Chapter 3 highlighted the necessity of accurately identifying systems tracts and 

the surfaces that bound them in structurally and stratigraphically complex areas. In the 

anomalously thick intervals of the Viking Formation within the Snowbird Tectonic Zone, 

both progradational and retrogradational stacking patterns are juxtaposed laterally in 

Sequence 2. By mapping the evolution of the high-frequency maximum flooding surfaces 

that bounded these genetic stratigraphic sequences, it was possible to create a high-

resolution map of the evolution of the paleoshoreline during Sequence 2. 

An important observation in Chapter 3 was that the maximum flooding surface of 

Sequence 2 is best expressed as a stepped surface and that its position in the 

stratigraphic column varies along strike, generally rising towards the margins of the STZ. 

The longer-lived transgression during Sequence 2 records a younger MFS adjacent to 

the fault margins of the STZ than in other areas of the basin, resulting in a highly 

diachronous surface along depositional strike. Areas of the basin that were deposited in 

lower accommodation conditions preserve thinner intervals of TST, indicating that 

transgression in these areas of the basin was shorter lived. 

Sequence stratigraphic surfaces are, in general, assumed to be somewhat 

diachronous across a basin. In this example of the Viking Fm, the higher rank maximum 

flooding surfaces are shown to be highly diachronous over a relatively short distance 

along depositional strike. Due to the fact that the MFS formed at markedly different times 

along the paleoshoreline when relative sea level was at different positions, this 

diachronous surface cannot always be regarded as near-horizontal at syn-depositional 

time, limiting its utility as a regional stratigraphic datum. Instead, multiple datums may 

need to be selected in order to properly restore the architecture of stratigraphic sections 

at syn-depositional time. 

By carefully defining the observations used in this study, combined with 

observations made from previous work (see Catuneanu, 2019), it is anticipated that 

similar patterns of coeval progradational and retrogradational deposition will be identified 

in units deposited under similar conditions. This stratal stacking pattern is commonly 

observed on modern coastal systems, but has rarely been applied to the rock record. 

The identification of coeval transgressive and regressive units helps to resolve lateral 

complexities in subsurface correlations. 
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5.1.3. Sequence Stratigraphic Framework for the Viking Formation 

In Chapter 4, the first regional sequence stratigraphic framework for the Viking 

Formation is proposed. In this model, four depositional sequences are recorded in the 

Viking of central Alberta. Through an integrated sedimentological-ichnological facies 

analyses created through detailed core analyses, Viking deposits were placed within 

their corresponding systems tracts. This permitted the orientations and distributions of 

systems tracts to be mapped. 

 

Figure 5.3  Comparison of the various stratigraphic models that have been 
proposed for the Viking Formation (modified from Schultz et al., 
2020). The lithostratigraphic model is the current formal boundaries 
of the Viking Formation (Hunt, 1954; Stelck, 1958; AGS, 2019). The 
allostratigraphic model from McMaster University documents the 
allomembers for the Viking. The allostratigraphic model from Roca 
et al. (2008) modifies and expands the correlations completed by 
Boreen and Walker (1991) (and others therein). The sequence 
stratigraphic model is the current working model that further refines 
and subdivides the Viking (see MacEachern et al., 2012b; Schultz et 
al., 2020). The two purple lines on the sequence stratigraphic study 
denote the two datums that were used in this study. 

The Joli Fou sequence preserves TST and HST deposits throughout the study 

area. This sequence was not studied in great detail for this project. 
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The base-level fall that initiated the deposition of Sequence 1 marks the 

beginning of Viking deposition. Forced regressive shorefaces and deltas are preserved 

near the SW margins of the study area. The 1FSST deposits downstep towards the 

1LST shoreline position, which is observed in the SW of the study area (e.g., Chigwell). 

The 1TST and 1HST deposits record deposition in deltaic (wave- and river-dominated) 

and shoreface environments. These systems tracts are widespread across the study 

area. 

The deposition of Sequence 2 was initiated following a major drop in base-level. 

During 2FSST, incised valleys were excavated and served as sediment bypass conduits 

to the forced regressive shorelines. Shorefaces and wave-dominated deltas are common 

in the 2FSST. These shorelines downstep towards the 2LST paleoshoreline trend 

preserved between the Judy Creek and Beaverhill Lake fields. Following the deposition 

of 2LST, the STZ experienced incremental structural reactivation. Accommodation was 

created within the STZ, causing rivers to preferentially drain into the newly created 

topographic low. Complex stratigraphic relationships, such as coeval deposition of 

progradational and retrogradational successions, occur in the STZ, facilitating the need 

for careful correlations while utilizing multiple datums. Due to the structural reactivation 

of the STZ, the 2TST and 2HST deposits became over-thickened. The incised valleys 

(e.g., Crystal, Sundance-Edson valleys) cut during base-level fall record estuarine infill 

during the 2TST. 

Between the deposition of 2HST and 3FSST, the STZ underwent a time of 

relative tectonic quiescence. In the study area, the Sequence 3 deposits do not show 

significant trends of over-thickening. The deposition of S3 was initiated following another 

significant drop in base-level. Valleys underwent a period of re-incision, creating 

complex internal stratigraphic relationships. The 3LST paleoshoreline is partially 

preserved near the Westlock Field. In order to further map the distribution of this deposit, 

the study area would have had to be expanded to the NE. The 3TST and 3HST deposits 

are preserved in the NE portion of the study area, and thin as they are traced in a 

proximal (SW) direction. The re-incised valleys (e.g., Crystal) were infilled during 3TST. 

Sequence 4 was not studied in detail for this project. It has been proposed by 

Pozzobon and Walker (1990) that the 4LST shoreline is preserved near the Alberta-

Saskatchewan border. Future studies that move basinward towards the border would be 
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required to map the extent of the 4FSST and 4LST deposits.  4TST and 4HST deposits 

constitute the transgressive lag(s) capping the Viking Formation and the marine shale of 

the Westgate Formation. 

5.2. Methodological Contributions 

Subsurface studies require a multidisciplinary approach to mapping, through the 

integration of core logging, facies modelling, geophysical well log interpretation, 

aeromagnetic datasets, stratigraphic cross-sections, and seismic sections. In this 

research, a set of criteria have been proposed for future mapping endeavors that 

demonstrate the importance of datum selection and mapping in stratigraphically complex 

areas. 

5.2.1. Datum Selection 

The datum that is selected for a study is fundamental for correlating ancient 

successions, as it removes the effects of post-depositional tectonics and deformation. In 

this thesis, datums were selected based on the following criteria: i) they had to have 

been deposited as near to horizontal as possible; ii) they are associated with limited 

topographic relief; and iii) are easily identifiable and present in all sections. Two surfaces 

in the Viking were selected to create the cross sections, which included the maximum 

flooding surface marking the top of the Joli Fou Formation and the wave ravinement 

surface / subaerial unconformity at the top of the Viking Formation.  

In the structurally controlled areas of the Viking that experienced incremental 

tectonic reactivation of the STZ, multiple datums were required in order to map the 

deposits of the 2TST and 2HST. This study highlights that successive datums needed to 

be selected in order to recognize deposits that accumulated prior to, during, and after 

tectonic reactivation. Allochthonous terranes are inferred to have collided with the North 

American plate throughout much of the Mesozoic. Other units in the basin likely 

experienced similar events of tectonic reactivation of basement faults. In future studies, 

the selection of datums will require careful consideration to ensure that the effects of 

syn-depositional tectonism can be recognized. 
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5.2.2. Correlating in Coeval TST and HST Deposits 

Relatively few studies have been published that outlines how to correlate through 

transgressive and highstand (normal regressive) deposits that accumulated concurrently 

(Gill and Cobban, 1973; Madof et al., 2016). In such stratigraphically complex 

successions, the MFS must be expressed as a stepped horizon in order to demonstrate 

that the TST and HST accumulated concurrently. The stepped orientation is the first 

attempt to express the age relationships between coeval TST and HST shorelines. A 

single line for a higher rank MFS that tries to connect the stratigraphically higher top of 

an over-thickened TST with the stratigraphically lower base of an HST crosscuts 

stratigraphic surfaces of lower hierarchical rank, each of which possesses lower degrees 

of diachroneity. In such situations, a stepped line marking the MSF better expresses the 

actual relationship between the coeval TST and HST systems tracts, and showcases 

why such a surface cannot serve as a stratigraphic datum. In other situations where the 

degrees of diachroneity of surfaces of different hierarchical ranks are roughly equal, 

diachronous surfaces may still be traced as single lines on cross sections. 

This type of stratal stacking pattern is not unique to the Viking deposits of the 

STZ and it is likely that it will be recognized in other subsurface studies. By mapping 

high-frequency sequences in coeval TST and HST deposits, the stepped geometry of 

the MFS creates a more reasonable representation of subsurface deposits. This 

expression of the MFS will be useful in future studies moving forward. 

5.3. Future Work 

There is a significant amount of work left to be done on the Viking Formation, 

which could not be reasonably completed in a single doctoral thesis. Given more time 

and funding, the following projects would build upon and refine the work that has been 

completed for this study. 

5.3.1. Expansion of the Regional Sequence Stratigraphic Framework 

Stratigraphic correlations that have been proposed for this study need to be 

extended along depositional strike and down depositional dip to include fields in south-

central Alberta. Some of the fields have been included in the allostratigraphic 
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frameworks (e.g., Joffre, Mikwan, Fenn, etc.), but there are fields that still have not been 

adopted into any regional model (e.g., Hamilton Lake, Provost, Viking-Kinsella). These 

fields contain cored intervals that would assist with identifying systems tracts and 

stratigraphic surfaces, particularly given the development of the sequence stratigraphic 

framework presented in this dissertation. Their inclusion would allow for a refined and 

high-resolution regional framework for the Viking deposits. 

 

Figure 5.4  Study area of central Alberta (modified from Pattison, 1991). The 
study area is outlined by the black lines. 

Sequence stratigraphic relationships have yet to be proposed for the age-

equivalent strata in the basin. The allostratigraphic framework from Roca et al. (2008) 

shows the general trends of bounding discontinuities in the basin, but some of these 

erosional surfaces may be localized or not regionally extensive. Instead, by mapping the 

maximum flooding surfaces across the basin, it may be possible to identify how the 
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strata are related. There are many complex correlations between the age-equivalent 

units, so smaller-scale detailed studies focused on such transitions will be integral to 

resolving the stratigraphy. Further, it is unclear how the Viking strata in Saskatchewan 

are related to the Viking in Alberta, particularly the increasing influence of deposition 

related to the Western Interior Seaway’s eastern margin.   

5.3.2. Geochemistry 

There are many bentonite (altered volcanic ash) beds in the Viking intervals that 

should be tested geochemically. The composition of individual ash beds would permit 

the chemostratigraphic correlation of systems tracts in localized areas, which would add 

a chronostratigraphic component to the mapped units. As well, U-Pb dating of the 

bentonite beds across the basin could provide important information about the timing of 

deposition of age-equivalent Viking units. For example, it is still relatively unclear how 

the Paddy Member of the Peace River Formation relates to the Viking Formation. The 

Harmon and Cadotte are proposed to be age-equivalent to the Mannville Group, while 

the Paddy is proposed to be equivalent to the Joli Fou and Viking. These relationships 

have generally shown to be reasonable stratigraphically, but the ability to assign relative 

ages to the units would potentially alleviate some of the discrepancies in the 

stratigraphic correlations. 

An X-Ray Fluorescence (XRF) and X-Ray Diffraction (XRD) study is currently in 

progress for deposits in the study area. The goal of this work is to identify gradational 

stratigraphic contacts (i.e., mud-on-mud or sand-on-sand) through a geochemical study. 

The basal surface of forced regression (BSFR) and the correlative conformity (CC) 

approximate the paleo-seafloor during forced regression and the onset of lowstand 

progradational (normal) regression, respectively. Slow rates of sediment accumulation 

would have occurred over these surfaces, and heavy minerals likely were concentrated 

during this time. Fluctuations in Thorium, Uranium, and Sulfur concentrations could 

indicate a condensed section and could be used to correlate these gradational contacts. 

As well, variations in the concentration of Titanium, Iron, and Silica can be taken to 

indicate a fluvial source of sediments (see Rothwell and Croudace, 2015). 

Correspondingly, XRF responses of falling-stage and lowstand mudstones may be 

different, helping to pinpoint subtle facies differences between the two and assist in their 

mapping and that of their respective systems tracts. 
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5.3.3. High-Resolution Stratigraphy 

This dissertation focuses on large-scale stratigraphic correlations, and generally 

does not include high-resolution, ‘within-field’ correlations and facies maps. By building a 

regional framework for central Alberta, future studies can focus on field-scale 

correlations in order to build high-resolution facies maps for the various sequences and 

their systems tracts. Fields that have excellent core control are ideal candidates. In 

these areas, the facies maps may be helpful to identifying reservoir properties that can 

be variable along-strike in a producing field (e.g., Díaz, 2020). 

5.3.4. Paleotectonics and Sedimentation 

Basement reactivation has proven to have complicated the correlation of 

stratigraphic surfaces in the Viking Formation of central Alberta. Major basement 

structures have been mapped across the province (see Ross et al., 1991; Villeneuve et 

al., 1993; Lyatsky et al., 2005) and it is possible that these structures were also 

reactivated during the deposition of age-equivalent Viking strata in southern and 

northern Alberta. In order to identify these trends, aeromagnetic and/or seismic data 

should be integrated with a core study, to identify whether anomalously thick sections 

correspond to potential syn-depositional structural reactivation. 

Although there is a significant amount of work left, the sequence stratigraphic 

framework proposed for this study will be foundational to such future work. Studies that 

analyze field-scale and regional correlations can build upon the proposed Viking 

framework to work towards a refined model for the formation. By integrating core studies 

with aeromagnetic, seismic and well log datasets, a more complete picture of the Viking 

can be realized. 

5.4. Summary 

The research that was completed for this dissertation has advanced the 

understanding of the stratigraphy of the Viking Formation and has provided important 

additional observations that are applicable to foreland basin depocentres globally. The 

observation of syn-depositional tectonism is one of the most important contributions that 

this research makes to the scientific community. The observations and results from the 
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tectonic reactivation of the STZ led to the identification of coeval deposition of HST and 

TST deposits, as well as contributed to the creation of a high-resolution sequence 

stratigraphic framework for the Viking Formation. 
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Appendix A.   
 
Cored Intervals Logged 

UWI Interval (m) Diameter (“) Core Condition 

16-26-58-03W5 880.9 – 905.3 3 slabbed 

04-14-58-05W5 1005.8 – 1024.4 2 unslabbed 

14-14-58-08W5 1199.0 – 1217.0 4 unslabbed 

06-07-58-09W5 1287.8 – 1296.3 3 unslabbed 

10-33-58-09W5 1240.2 – 1258.5 3 unslabbed 

16-26-59-05W5 949.8 – 986.3 3 unslabbed 

06-01-59-06W5 1000.3 – 1018.6 3 unslabbed 

06-14-59-06W5 1019.0 – 1052.0 4 unslabbed 

11-17-60-02W5 835.2 – 861.4 3 unslabbed 

06-17-60-05W5 991.8 – 1013.5 3 slabbed 

102/07-19-60-14W5 1489.5 – 1500.0 3 unslabbed 

04-27-60-15W5 1496.4 – 1514.4 3 unslabbed 

15-25-60-16W5 1513.6 – 1527.4 3 unslabbed 

10-18-61-04W5 905.3 – 933.3 3 unslabbed 

10-12-61-05W5 880.9 – 949.1 1 unslabbed 

11-24-61-07W5 979.0 – 989.1 4 unslabbed 

06-27-61-07W5 907.0 – 916.0 3 unslabbed 

10-17-61-08W5 1075.3 – 1116.6 3 unslabbed 

08-27-61-08W5 1058.3 – 1113.8 3 unslabbed 

15-35-61-08W5 1060.0 – 1096.0 2 unslabbed 

06-03-61-10W5 1205.0 – 1223.1 3 unslabbed 

01-07-61-10W5 1285.0 – 1303.0 3 unslabbed 

11-20-61-10W5 1253.0 – 1271.0 3 unslabbed 

05-16-61-11W5 1318.0 – 1336.0 3 unslabbed 

10-17-61-11W5 1347.0 – 1365.0 3 unslabbed 

01-20-61-11W5 1358.0 – 1391.4 3 unslabbed 

04-20-61-11W5 1380.0 – 1398.8 4 unslabbed 

03-32-61-12W5 1440.0 – 1464.0 4 unslabbed 

07-12-61-16W5 1520.7 – 1526.7 3 unslabbed 

10-02-62-05W5 802.8 – 818.1 3 unslabbed 

11-10-62-10W5 1252.7 – 1283.2 3 unslabbed 

10-11-62-14W5 1443.0 – 1447.3 3 unslabbed 

07-07-63-09W5 1216.2 – 1229.9 4 slabbed 

06-18-63-09W5 1230.5 – 1242.7 3 unslabbed 

102/12-21-63-10W5 1436.5 – 1445.7 4 slabbed 

04-19-63-11W5 1418.2 – 1437.7 3 slabbed 

102/10-19-63-11W5 1409.7 – 1428.0 4 slabbed 

02-25-63-11W5 1420.1 – 1434.7 3 unslabbed 

12-26-63-11W5 1430.4 – 1449.6 3 unslabbed 

04-25-63-12W5 1423.7 – 1440.5 3 unslabbed 

10-27-63-12W5 1464.6 – 1482.9 3 unslabbed 

04-29-63-12W5 1550.0 – 1567.4 3 unslabbed 
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UWI Interval (m) Diameter (“) Core Condition 

102/10-25-63-13W5 1601.2 – 1613.6 3 unslabbed 

07-11-64-08W5 1065.3 – 1072.9 3 unslabbed 

12-06-64-10W5 1360.0 – 1376.5 3 unslabbed 

102/12-04-64-11W5 1457.3 – 1470.7 4 unslabbed 

02-11-64-11W5 1431.0 – 1449.3 3 unslabbed 

15-24-45-20W4 964.0 – 977.0 3 unslabbed 

07-11-46-20W4 979.0 – 992.1 3 unslabbed 

12-12-46-20W4 972.5 – 998.8 3 unslabbed 

14-14-46-20W4 982.0 – 1000.2 3 unslabbed 

06-24-46-20W4 974.1 – 988.8 4 unslabbed 

11-16-47-19W4 940.3 – 965.0 1 unslabbed 

09-02-47-20W4 978.4 – 987.6 3 unslabbed 

01-22-47-20W4 966.5 – 975.5 3 slabbed 

06-22-47-20W4 971.0 – 980.0 3 slabbed 

06-24-47-20W4 947.9 – 969.0 3 unslabbed 

09-28-47-20W4 970.0 – 988.0 4 slabbed 

02-31-47-20W4 980.2 – 966.7 3 unslabbed 

01-33-47-20W4 971.0 – 983.0 4 unslabbed 

02-34-47-20W4 970.4 – 985.4 3 slabbed 

04-35-47-20W4 951.9 – 980.2 1 unslabbed 

102/06-29-47-21W4 1022.0 – 1040.0 3 unslabbed 

01-21-47-24W4 1118.9 – 1145.4 1 unslabbed 

11-12-48-18W4 835.8 – 854.0 3 unslabbed 

16-04-48-20W4 966.0 – 975.0 3 slabbed 

102/07-05-48-20W4 966.0 – 989.5 4 slabbed 

08-07-48-20W4 968.0 – 979.6 3 unslabbed 

02-19-48-20W4 970.2 – 988.5 3 unslabbed 

14-32-48-20W4 971.0 – 1000.7 4 unslabbed 

08-01-48-21W4 982.1 – 993.0 3 unslabbed 

06-11-48-21W4 999.7 – 1021.1 3 unslabbed 

16-12-48-21W4 971.6 – 989.8 4 slabbed 

09-13-48-21W4 976.9 – 989.7 3 slabbed 

15-21-48-21W4 998.0 – 1016.4 3 unslabbed 

06-24-48-21W4* 1025.0 – 1043.0* 4 unslabbed* 

01-25-48-21W4 986.0 – 1000.0 3 unslabbed 

08-26-48-21W4 978.7 – 994.9 3 unslabbed 

10-32-48-21W4 1008.9 – 1024.1 3 unslabbed 

15-34-48-21W4 973.8 – 991.2 3 unslabbed 

09-02-49-19W4 862.6 – 895.8 3 unslabbed 

11-08-49-20W4 986.9 – 999.7 3 unslabbed 

08-22-49-20W4 930.0 – 943.0  4 unslabbed 

02-03-49-21W4 982.0 – 1000.0 4 unslabbed 

14-05-49-21W4 996.0 – 1009.1 3 unslabbed 

06-08-49-21W4 985.0 – 1013.0 3 slabbed 

04-10-49-21W4 981.5 – 994.3 3 unslabbed 

04-17-49-21W4 984.0 – 1002.0 4 slabbed 

03-19-49-21W4 991.0 – 1011.0 4 slabbed 

05-20-49-21W4 987.0 – 1005.0 4 slabbed 
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UWI Interval (m) Diameter (“) Core Condition 

07-21-49-21W4 974.0 – 995.5 3 unslabbed 

07-29-49-21W4 995.0 – 1013.0 4 unslabbed 

11-29-49-21W4 1000.0 – 1017.0 4 slabbed 

14-05-49-22W4 1036.3 – 1050.0 3 unslabbed 

10-13-49-22W4 999.7 – 1018.0 3 unslabbed 

07-35-49-22W4 1033.3 – 1045.5 3 unslabbed 

01-04-50-21W4 952.8 – 967.1 1 unslabbed 

16-13-50-21W4 934.2 – 942.1 3 unslabbed 

07-17-50-21W4 974.1 – 991.2 1 unslabbed 

05-18-50-21W4 978.4 – 990.6 3 unslabbed 

04-31-50-21W4 981.5 – 993.6 2 unslabbed 

15-07-50-22W4 995.5 – 1007.1 1 unslabbed 

07-12-50-22W4* 1040.6 – 1048.5* 3 unslabbed* 

10-14-50-22W4 985.4 – 1002.2 1 unslabbed 

102/12-24-50-22W4 989.0 – 1007.0 3 unslabbed 

04-14-51-21W4 978.4 – 993.3 1 unslabbed 

14-04-51-22W4 996.7 – 1018.0 3 unslabbed 

06-34-51-23W4 961.3 – 966.8 3 unslabbed 

06-05-51-24W4 1011.3 – 1025.7 1 unslabbed 

15-14-51-25W4 1012.2 – 1073.5 1 unslabbed 

14-04-52-23W4 957.1 – 972.3 2 unslabbed 

04-20-52-23W4 920.5 – 953.4 1 unslabbed 

02-01-52-24W4 950.1 – 961.3 1 unslabbed 

02-11-52-25W4 964.7 – 987.9 1 unslabbed 

06-23-52-26W4 1014.7 – 1052.2 1 unslabbed 

09-24-52-26W4 1024.1 – 1040.9 1 unslabbed 

05-27-52-26W4 1023.8 – 1045.5 1 unslabbed 

11-10-53-25W4 946.5 – 963.0 3 unslabbed 

05-22-53-25W4 937.9 – 965.6 1 unslabbed 

04-11-53-27W4 1030.2 – 1049.1 1 unslabbed 

07-10-54-25W4 880.9 – 928.7 1 unslabbed 

03-01-54-26W4 916.2 – 931.5 3 unslabbed 

05-24-54-26W4 932.7 – 962.6 1 unslabbed 

01-36-54-01W5 1002.0 – 1019.0 3 unslabbed 

05-08-55-25W4 903.4 – 912.6 1 unslabbed 

07-15-55-25W4 868.7 – 888.2 1 unslabbed 

15-06-56-26W4 908.9 – 943.4 3 unslabbed 

07-35-56-27W4 921.1 – 937.6 3 unslabbed 

06-26-56-04W5 1076.9 – 1099.0 1 unslabbed 

11-02-56-05W5 1146.0 – 1172.6 3 unslabbed 

01-34-56-05W5 1090.0 – 1115.5 1 unslabbed 

14-23-56-06W5 1142.0 – 1151.4 3 unslabbed 

16-27-56-06W5 1120.0 – 1131.0 4 unslabbed 

07-20-56-08W5 1090.0 – 1115.6  3 unslabbed 

07-23-56-08W5 1285.9 – 1311.9 3 unslabbed 

04-20-57-26W4 897.3 – 913.4 3 unslabbed 

12-01-57-03W5 980.5 – 998.8 1 unslabbed 

11-15-57-04W5 1018.3 – 1049.4 3 unslabbed 
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UWI Interval (m) Diameter (“) Core Condition 

04-36-58-01W5 840.0 – 868.1 1 unslabbed 

03-19-58-03W5 933.5 – 960.5 3 unslabbed 

16-19-58-03W5 922.9 – 941.2 3 slabbed 

08-14-64-12W5 1465.0 – 1479.0 4 unslabbed 

11-14-64-12W5 1449.0 – 1467.3 3 unslabbed 

10-22-64-12W5 1402.1 – 1417.3 3 unslabbed 

10-23-64-12W5 1392.9 – 1405.1 3 unslabbed 

10-28-64-12W5 1408.2 – 1422.2 4 unslabbed 

08-29-64-12W5 1388.0 – 1397.0 3 slabbed 

07-34-64-13W5 1536.5 – 1549.9 3 unslabbed 

09-34-64-13W5 1565.9 – 1570.2 3 unslabbed 

14-34-64-13W5 1555.0 – 1570.0 4 unslabbed 

102/10-35-64-13W5 1473.4 – 1488.3 4 slabbed 

08-36-64-13W5 1450.0 – 1461.3 3 slabbed 

102/10-36-64-13W5 1429.5 – 1446.6 3 slabbed 

04-16-65-11W5 1260.0 – 1303.2 3 unslabbed 

14-08-66-06W5 890.0 – 900.0 3 slabbed 

04-16-66-06W5 865.0 – 883.0 3 unslabbed 

10-35-45-02w5 1609 – 1627.5  3 slabbed 

14-25-45-02w5 1613.0 – 1631.0 4 unslabbed 

06-27-45-27W4 1424.0 - 1442.5 3 unslabbed 

102/16-33-48-01W5 1338.0 – 1359.0 3 slabbed 

10-22-48-17W4 804.7 – 827.5 3 unslabbed 

102/16-10-49-06W5 1599.0 – 1617.3 3 slabbed 

11-11-49-17W5 2781.9 – 2800.2 3 unslabbed 

06-36-49-18W4 794 – 809.3 3 unslabbed 

06-05-51-07W5 1645.3 – 1660.6 3 unslabbed 

02-17-51-10W5 1862.9 – 1913.5 3 unslabbed 

102/06-12-51-11W5 1939.0 – 1957.0 3 unslabbed 

10-16-51-15W5 2375.3 – 2393.6 3 unslabbed 

16-22-51-27W4 1088.7 – 1109.5 3 unslabbed 

102/01-27-51-27W4 1084.2 – 1107.9 3 unslabbed 

16-18-52-05W5 1392.9 – 1424.9  3 unslabbed 

05-31-53-14W5 1958.3 – 1977.4 2 slabbed 

06-15-53-14W5 2007.0 – 2025.0 3 slabbed 

06-29-53-16W5 2105.1 – 2117.0 3 unslabbed 

04-18-54-16W5 2098.5 – 2113.8 3 slabbed 

11-26-54-16W5 2002.5 – 2014.7 3 unslabbed 

02-36-55-20W4 647.0 – 683.0 3 unslabbed 

09-35-55-20W4 646.5 – 682.8 3 unslabbed 

06-36-55-21W4 671.0 – 696.0 3 unslabbed 

08-06-56-19W4 638.0 – 653.0 4 unslabbed 

08-20-56-20W4 607.8 – 649.5 3 unslabbed 

01-25-56-21W4 611.1 – 648.6 2 unslabbed 

02-16-56-22W4 697.1 – 735.2 2 unslabbed 

01-29-56-23W4 765.0 – 805.3 2 unslabbed 

04-32-56-24W4 2754.9 – 2813.0 3 unslabbed 

06-30-56-24W4 845.0 – 863.2 4 unslabbed 
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UWI Interval (m) Diameter (“) Core Condition 

11-19-56-24W4 847.3 – 858.0 3 unslabbed 

02-12-56-25W4 850.0 – 886.0 4 slabbed 

08-15-57-14W5 1822.0 – 1840.3 3 unslabbed 

14-04-57-14W5 1750.0 – 1768.0 3 unslabbed 

05-20-58-13W5 1576.1 – 1585.9 3 unslabbed 

06-02-62-01W5 677.6 – 696.5 2 unslabbed 

11-21-60-25W4 688.8 – 705.0 3 unslabbed 

10-07-60-26W4 744.0 – 762.9 3 slabbed 

06-03-60-27W4 751.6 – 788.2 2 unslabbed 

10-20-62-08W5 1100.3 – 1134.8 3 slabbed 

09-20-52-03W5 1226.8 – 1242.1 3 unslabbed 

102/09-30-49-25W4 1084.5 – 1102.8 3 slabbed 

11-17-45-01W5 1690.0 – 1703.5 3 slabbed 

13-05-51-10W5 1907.0 – 1925.0 3 unslabbed 

16-18-52-05W5 1392.9 – 1424.9 3 unslabbed 

04-02-42-26W4 1438.6 – 1460.9 3 unslabbed 

12-27-41-25W4 1439.0 – 1466.2 3 unslabbed 

14-28-41-26W4 1445.7 – 1476.1 3 unslabbed 
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Appendix B.  
 
Select Core Logs Across the Study 
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Appendix C.  
 
Tops Picked in the Study Area 

Description: 

 This file contains the pick dataset that was used in the thesis to create the 

isopach maps and cross sections. This includes: UWI, bottom hole latitude, bottom hole 

longitude, the top of the Viking, 3MFS, 3WRS/SU, 3CC, 3RSME/BSFR, 2MFS, 

2WRS/SU, 2CC, 2RSME/BSFR, 1MFS, 1WRS/SU, 1CC, 1RSME/BSFR and the top of 

the Joli Fou. The depths for the tops are recorded in TVDSS (true vertical depth subsea) 

and are in metres. Note that a well may not have a top selected for each surface. 

File Name: 

Schultz_Tops.csv 
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Appendix D. 
 
Core Logs from Applecore 

Description: 

This file contains additional core logs from the study. These logs were drafted 

using the Applecore software and have not been digitized in Illustrator. The logs are 

exported at 1:50 or 1:100 scales, depending on which resolution is better for viewing the 

core log (e.g., short core or cores with surfaces close together are drafted at 1:50). 

File Name: 

Schultz_Viking_Core.pdf 




