
 
 
 
 
 
 
 

 
ABSTRACT 

 
The Sequence Stratigraphic Evolution of the Sturgeon Lake Bank,  

Central Alberta, Canada and its Regional Implications 
 

Julia A. Kahmann 
 

Mentor:  Stacy C. Atchley, Ph.D. 
 

 
Sturgeon Lake South (SLS) is an isolated Devonian (Late Frasnian) platform 

located within the Western Canada Sedimentary Basin (WCSB). Stratigraphic correlation 

of the Leduc Formation across the WCSB reveals a dominantly backstepping stratal 

geometry.  The Sturgeon Lake South bank complex is composed of 12 retrogradationally 

stacked depositional sequences.  Sequences 1 and 2 prograde, and sequences 3-6 

backstep.  Bank formation and stratal geometries are controlled by eustatic sea level 

fluctuations in concert with:  1) a northeasterly paleowind direction that induced highly 

aggradational windward margins, 2) antecedent topographic highs (e.g., Peace River 

Arch) that induced progradational margins and, 3) sediments derived from the Antler 

Orogeny that increased marine turbidity and influenced the termination of platform 

growth.  Within the Leduc Formation at SLS, dolomitization is pervasive and fabric 

destructive, enhances reservoir quality, and is not facies specific. Dolomitization most 

likely occurred within the burial environment. 
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CHAPTER ONE 
 

Introduction 
 
 

Purpose 
 

This study presents a sequence stratigraphic interpretation for the Devonian 

(Frasnian) Leduc Formation at the Sturgeon Lake South bank complex, Central Alberta, 

Canada based upon an integrated dataset of core and wireline logs.    The study includes a 

regional sequence stratigraphic interpretation that extends from the Peace River Arch to 

the Rimbey-Meadowbrook Trend in the Western Canada Sedimentary Basin.   

 The Western Canada Sedimentary Basin is a substantial hydrocarbon producer.  

Reserves primarily occur within large, reefal stratigraphic traps of Devonian age (Potma 

et al., 2001).  The porosity of hydrocarbon reservoirs within the Leduc is largely 

secondary and associated with dolomitization.  The paragenetic history of diagenetic 

alteration within the Leduc Formation at Sturgeon Lake South provided in this study 

establishes the major controls and timing of reservoir enhancement and destruction. 

 This study has two primary objectives: 1) the interpretation of the sequence 

stratigraphy of the Leduc Formation within the Sturgeon Lake South region, and 2) the 

determination of the local and regional controls on carbonate sedimentation.  Three 

controls, in tandem with composite fluctuations in sea level, likely influenced carbonate 

deposition: 1) antecedent topography, 2) windward-leeward effects, and 3) proximity to a 

continental landmass.  These controls will be evaluated and summarized from 

stratigraphic cross-sections generated through the correlation of wire-line logs. 
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Regional Setting and Location 
 

The Western Canada Sedimentary Basin is a 6 km thick northeast trending wedge 

of sedimentary rocks that extends from the Canadian shield southwest to the Cordilleran 

foreland thrust belt (Stoakes et al, 1992).  The Western Canada Sedimentary Basin is 

underlain by Archean and Proterozoic crystalline basement (Stoakes et al, 1992).  The 

major structural elements that served as antecedent paleotopographic highs during the 

Devonian are the Peace River Arch northwest of the basin, the Swan Hills High 

(Windfall area), and the Western Alberta Ridge extending south of the study area (fig. 1).  

During the Devonian and Mississippian, the Western Canada Sedimentary Basin 

 

 
 
Figure 1.  Structural provinces of the Western Canada Sedimentary Basin (modified from 
Potma et al 2001).  The boxed region represents the study area.   Sturgeon Lake South is 
placed in an approximate location and is not to precise scale. 
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is interpreted to have been a distal foreland basin to the Antler fold and thrust belt (Root, 

2001).   

During the Middle to Late Devonian the Western Canada Sedimentary Basin was 

located in the southern hemisphere and the paleo-equator trended NE through the present 

Canadian Arctic Archipelago (Witzke and Heckel 1988).  This places the Western 

Canada Sedimentary Basin within the easterly trade wind belt (fig. 2).  Facies 

distributions and stratal stacking patterns indicate a northeasterly paleo-wind direction for 

the Western Canada Sedimentary Basin (Potma et al, 2001).   

 

 
 
Figure 2.  Paleogeographic map for the Late Devonian.  The dashed line parallel to the 
equator is the interpreted climate boundary between arid and humid regions, humid to the 
north and arid to the south (Witzke, 1990). 
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Figure 3.  Generalized stratigraphic correlation chart for the Frasnian and early 
Famenian(modified from Potma et al, 2001; Weissenberger, 1994; and unpublished 
charts  created by the Alberta Energy and Utilities Board). 

 

During the mid-Frasnian, the Woodbend Group, including a majority of Leduc 

reef development, was deposited in the Western Canada Sedimentary Basin (fig. 3).  

From oldest to youngest, the Leduc formation in the Western Canada Sedimentary Basin 

spans the following standard conodont biozones: the Upper assymmetricus Zone, the 

Ancyrognathus triangularis Zone, and up to the base of or within the Palmatolepis gigas 

Zone (Weissenberger, 1988). The presence of the rugose coral Smithiphyllum 

meridianum places the Leduc Formation at Sturgeon Lake and the Rimbey-

Meadowbrook Reef trend within the middle to late Frasnian (McLean and Klapper, 
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1998).  To the west along the flanks of the Peace River Arch, carbonate accumulations 

occur as a fringing reef complex (Dix, 1990; Read, 1985; Stoakes et al, 1992), whereas 

further to the east carbonate accumulations occur as isolated banks (sensu Read, 1985).  

Sturgeon Lake is an isolated bank located between the Peace River Arch and Swan Hills 

High (fig. 1).  Further to the east is a linear trend of isolated banks known as the Rimbey-

Meadow Brook Trend that include the major hydrocarbon accumulations at Redwater and 

Golden Spike (fig. 4).  

 

 
 
 

 
 

Figure 4.  Basemap for the regional cross sections. 
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Methodology 
 
 

Facies Determination 
 

Facies were observed and determined through core description (Appendix A).  

The criteria by which the facies in Sturgeon Lake South were identified include grain 

type, texture, sedimentary structures, and the presence of organic binding.  Unless 

otherwise stated, all grains and mud are replaced by dolomite throughout the study 

interval.    The Dunham (1962) and Embry and Klovan (1971) classification schemes for 

carbonates were used to describe carbonate rock textures for each facies designation.  

Based upon the above criteria and the position of  facies within a gradational succession 

depositional environments were interpreted (fig. 5, table 1).   

Paleobathymetry was determined from core-calibrated stratigraphic cross sections 

at Sturgeon Lake South by documenting the vertical distance between decompacted 

facies transitions observed within individual sequences (Appendix C, L-15).  The Interior 

Facies Association accumulated at or near seal level, and was used as a bathymetric 

datum from which the accumulation depth of coeval facies was measured.  Facies 

thicknesses were decompacted using Goldhammer’s (1997) graphical decompaction 

method for carbonate muds and sands. These solutions do not account for (1) porosity 

reduction by cementation, (2) diagenetic parameter changes due to time, temperature, and 

variations in fluid composition, or (3) chemical compaction (Goldhammer, 1997).   An 

overburden of ~1800 m was assumed for the decompaction (Appendix C, L-15).   
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Stratigraphic Framework 

 Using the IHS AccuMap™ oil and gas database, wireline logs were acquired and 

incorporated into cross sections for Sturgeon Lake South, Calais and North Sturgeon 

(Sturgeon Lake Reef Complex).    Sturgeon Lake South cross sections incorporate 243 

wells (70 of which include a total of 1,258 m core) within a grid of 5 dip and 13 strike 

sections (Appendix C, L-1 and L-15).  Stratal surfaces and facies distributions were loop-

tied within the cross section grid.  The North Sturgeon line of section incorporates 5 wells 

that include   6 m of core (Appendix C, C-C’).  Wells 00/15-24-69-23W5 and 00/15-13-

68-23W5 of the North Sturgeon line of section are tied to cross-sections L1 and L16 of 

Sturgeon Lake South respectively.  The Calais line of section incorporates 5 wells and 

114 m of core, and tied to North Sturgeon at well 00/9-72-24W5 (Appendix C, D-D’).  

Core descriptions for all wells include documentation of major allochems, sedimentary 

structures, fracture density, lithology, cement, and porosity types (Appendix A).  The 

Beaverhill Lake Group platform top is known to have negligible depositional dip across a 

broad area and has been used as a datum in previous studies (e.g. Potma et al, 2001).  In 

order to utilize the Beaverhill Lake Group as a stratigraphic datum, well penetrations 

must be deep.  Deep penetrations rarely exist at Sturgeon Lake South, and therefore, the 

cross sections were stratigraphically datumed on the relatively flat-lying Graminia silts 

that overlie the Nisku Formation at Sturgeon Lake South (fig. 3).  

The regional stratigraphic framework integrates the correlations at Sturgeon Lake 

South with data and interpretations published by Potma et al (2001), as well as other 

wells extending across the region (fig. 4).  Twenty-one wire-line logs were incorporated 

into a regional cross section that extends from the fringing reef at Eaglesham, to the the 
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Rimbey-Meadowbrook Reef Trend (Appendix C, A-A’).  Of the 21 wells, 5 wells include 

a total of 198 m of core.  Cross section A-A’ is tied to cross-sections at North Sturgeon 

(Appendix C, C-C’), Calais (Appendix C, D-D’), and Sturgeon Lake South.  Wells with 

deep penetrations are available throughout the regional section, and the Beaverhill Lake 

platform top carbonates are used as a stratigraphic datum.   For the Peace River Arch, a 

second cross-section was constructed (Appendix C, B-B’).  Wire-line logs from 12 wells 

were correlated, and the Wabamun Group platform top carbonates were used as a 

stratigraphic datum (sensu Stoakes et al, 1992).  

  
Sequence Stratigraphic Nomenclature 

 Lithostratigraphic terminology used for the Woodbend and Winterburn units in 

this study is consistent with the nomenclature used by Potma et al (2001), Stoakes et al 

(1992), and Weissenberger (1994) (fig. 3).  Using the criteria of Van Wagoner et al 

(1989), decameter-scale, shallowing upward facies successions are observed and are 

described as sequences in this study.  Each sequence is composed of meter-scale cycles 

a.k.a. parasequences sensu Van Wagoner et al, 1989.  The criteria used to identify 

sequences in core include: 

1. Evidence of prolonged subaerial exposure, including the presence of green 

shale (e.g. Potma et al, 2001; Stoakes et al, 1992). 

2. Surfaces of pronounced facies backstep (deepening). 

When core was not available, the following criteria were used in the analysis of wireline 

logs: 
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1. An abrupt gamma-ray increase of ≥ 10-15 API units relative to underlying 

and overlying clean carbonate (suggestive of green shale).  Gamma ray 

spikes are thin (< 1 m). 

2. An abrupt decrease in neutron/density porosity and no curve separation, 

suggestive of a possible flooding surface associated with deeper-water 

limestone facies. 

 Correlation of surfaces within the Ireton shale and its correlative units are based 

exclusively on wireline logs.  Cycles of gamma ray activity and resistivity were 

correlated across the study area.  

 
 Diagenesis  

 The paragenetic history of the Leduc Formation within the study area was 

reconstructed by thin section petrography.  Forty-three thin sections were cut from core 

samples representative of the facies interpreted at Calais, North Sturgeon and Sturgeon 

Lake South.  Thin sections were also made from core samples adjacent sequence 

boundaries.  To distinguish porosity, calcite, ferroan dolomite, and non-ferroan dolomite, 

thin sections were vacuum impregnated with blue epoxy and stained with Alizarin Red-S 

and potassium ferrocyanide as prescribed by Friedman (1959), Evamy (1963) and 

Lindholm and Finkelman (1972).  Thin sections were described in detail, and diagenetic 

features that either enhanced or destroyed reservoir quality were systematically 

documented (Appendix B).   The paragenetic reconstruction incorporates both 

petrographic and macromorphic observations in core, and is based upon the principle of 

cross-cutting relations.    
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Reservoir Quality Maps and Statistical Plots  

A lithology distribution map for Sturgeon Lake South, along with facies-keyed 

statistical plots were used to evaluate reservoir quality (Appendix C).  The lithology 

distribution map was generated from core descriptions and was augmented by lithological 

estimations from neutron-density well logs.  Core analysis data complied via IHS Energy 

Accumap™ was used to generate the facies-calibrated statistical and lithology plots 

(Appendix C).  Core analysis data provide depth calibrated values of porosity, 

permeability and grain density, and qualitative estimates of fracture density and anhydrite 

presence (Appendix C).   

 
Facies Maps 

 Facies maps for each sequence were generated from core-calibrated stratigraphic 

cross sections (Appendix C).  Facies distributions were established directly from core, 

and were interpolated via well log correlation into areas that lack core control.  Structural 

contours for the top of each sequence were then superimposed upon each facies map at a 

contour interval of 25 m.  The placement of structural contours was guided by 3D seismic 

data available across the eastern 2/3 of Sturgeon Lake South.  Seismic data are industry 

proprietary, and were not released for presentation.   

 
Previous Works 

 The Devonian period has been studied extensively in Western Canada.  Witzke 

and Heckle (1988), and Witzke (1990) studied paleoclimate indicators to infer 

paleogeography throughout the Devonian.  Global greenhouse climates were in effect 

throughout much of the Devonian (Sandberg, 1983; Boucot, 2001).  During the 
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Devonian, the Western Canada Sedimentary Basin developed as a foreland basin to the 

Antler Orogeny (Cant, 1988; Edwards and Brown, 1999; and Root, 2001). 

 The age of the Leduc has been constrained by various biostratigraphic methods 

since 1965.  Based on the occurrence and morphology of foraminifera at Redwater and 

Sturgeon Lake South, Toomey (1965) assigned an Upper Devonian (Frasnian) age for the 

Leduc reefs.  In the Front ranges of Alberta, west-central Alberta, and the central Alberta 

subsurface, Weissenberger (1994) determined the conodont zonations for the Beaverhill 

Lake, Woodbend, and Winterburn groups.  McLean and Klapper (1998) combined both 

conodont and rugose biostratigraphy to place the Leduc Formation at Sturgeon Lake 

South within the Frasnian Stage.   

 Diagenetic studies of the relationships between Leduc Formation reservoir quality 

are numerous. Studies of the Redwater and Golden Spike buildups document a complex 

history of calcite diagenesis and rare dolomitization (Carpenter and Lohmann, 1989; 

Walls et al, 1979).  Mountjoy et al (1999), Drivet and Mountjoy (1997), Amthor et al 

(1993) provide detailed dolomitization studies of the Rimbey-Meadowbrook Reef Trend 

that document the textures and timing of various phases of dolomitization.  In addition, 

Machel (1987, 1993) documents the timing of anhydrite emplacement in the Rimbey-

Meadowbrook Reef Trend during Leduc deposition. All four studies are used for 

comparative analysis with the Leduc Formation within the Sturgeon Lake region.  

Early studies of Devonian sea-level history within Alberta are those of Andrichuk 

(1958), Klovan (1964), and Mossop (1972) in the Redwater Reef, and McGillivray and 

Mountjoy (1975) at Golden Spike.  An interpretation of global sea level history for the 

Phanerozoic is provided by Vail et al (1977), and is based upon reflection seismic data. 
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In Vail (1977), the Devonian is characterized by second order transgression.  The 

hierarchy of Devonian cyclicity has been studied within the Beaverhill Lake 

Group/Cooking Lake Formation by Potma et al (2001), Wendte (1994), and Wong (1980) 

in productive hydrocarbon reservoirs throughout the Western Canada Sedimentary Basin.  

The Woodbend and Winterburn Group sea level history has been documented by Potma 

et al (2001), Stoakes et al (1992), and Stoakes (1980) through areas of the deep basin and 

the Rimbey-Meadowbrook Reef Trend.   

Sequence stratigraphic studies of the Frasnian in the Western Canada Sedimentary 

Basin are limited.  Stoakes et al (1992) identified megasequences, i.e. Woodbend 

Megasequence, Winterburn Megasequence, etc., during the Frasnian, but stratal surfaces 

associated with each megasequence were not correlated.  Dix (1990) correlated sequences 

traversing the Peace River Arch for the Woodbend and Winterburn Groups, but did not 

correlate into the deep basin east of the Peace River Arch.  Parasequences are observed as 

the stratal building blocks of the Peace River Arch (Dix, 1990).  Potma et al (2001) in a 

study of the Frasnian within the deep basin, Swan Hills, West Pembina, Golden Spike, 

and Redwater areas provides the most detailed, comprehensive, and biostratigraphically 

constrained interpretation of second- and third-order sequences.  Within each study, the 

relationship between sea-level history and facies distributions is documented.  Despite 

such comprehensive study across much of the Western Canada Sedimentary Basin, the 

area of Sturgeon Lake South has received little attention. 
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CHAPTER TWO 
 

Depositional Facies 
 
 

 The facies model at Sturgeon Lake South summarizes sedimentologic criteria by 

which each facies is recognized and their interpreted environments of deposition (fig. 5, 

table 1).  The model for Sturgeon Lake South is adapted from Stoakes et al, (1992).  

Paleowater depth estimates for each facies appearing on Figure 5 are based depositional 

relief observed on stratigraphic cross sections (Appendix C, L-15), and the comparative 

modern-ancient paleoecologic reconstructions of Klovan (1974).  The vertical association 

of gradational facies repeatedly observed in shallowing-upward, meter-scale depositional 

cycles is summarized on Figure 6.  The interpretation of depositional environments is 

heavily reliant upon vertical facies associations within the context of “Walther’s Law” 

(Soreghan, 1997). 

 
Lower Slope-Burrowed Nodular Association 

 
 

Facies: Burrowed Nodular 
 
 

Criteria for Recognition.  The dominant lithology for this facies is limestone.  

This mudstone/wackestone is extensively burrowed and commonly overlain by dark 

shales or lighter colored dolostone textures.  Skeletal grains include disarticulated 

brachiopods, crinoid ossicles, and rugose corals (fig. 7a).   Burrows are dominated by 

horizontal and branching Thalassinoides of the Cruziana ichnofacies. The dark color of 

this facies is likely due to higher organic content.  
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Figure 6.  Idealized parasequence for Sturgeon Lake South. 
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Environmental Interpretation.  The skeletal grain assemblage suggests open 

marine conditions, whereas the muddy texture suggests deposition below fairweather 

wave-base (Klovan, 1974).  Oxygenated slopes may be intensively bioturbated (Coniglio 

and Dix, 1992).   

 
Facies:  Lower Slope 

 
Criteria for Recognition.  This facies is distinguished by a gray to light beige 

color, dolowackestone and dolopackstone texture, abundant Thamnopora, and thin wafer-

like stromatoporoids (fig. 7a).  

 
Environmental Interpretation.   The light color suggests more oxygenated 

conditions than the burrowed nodular facies.  The lack of discrete burrows and 

mechanical sedimentary structures suggests burrow homogenation within a favorable 

environment.  Brachiopod and crinoid fragments suggest sediment accumulation basin-

ward of the margin.  

 
Facies:  Slope Sand 

 
Criteria for Recognition.  The texture is a dolopackstone/dolograinstone and 

discrete Thalassinoides are occasionally observed in what is otherwise a massive rock 

fabric (fig. 7b).  Grains are most likely recrystallized and replaced sand-sized skeletal 

fragments.  

 
Environmental Interpretation.  This facies is associated with both Lower and 

Middle Slope deposits within a vertical succession, and as such, suggests 
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contemporaneous slope deposition. Unlined burrows indicate the presence of cohesive 

muddy sediment below wave base.  The absence of coarse stromatoporoid debris 

fragments suggests that the reef front may be some distance away.   

 
Margin-Slope Association 

 
 

Facies:  Middle Slope 
 
 

Criteria for Recognition.  The dominant texture is dolowackestone or 

doloboundstone composed of sparse encrusting stromatoporoids, wafer-like 

stromatoporoids and other undifferentiated stromatoporoid fragments (fig. 7c).   

 
Environmental Interpretation.  Although brachiopods and crinoids are not 

observed, the skeletal grain association still suggests open marine conditions.  Increasing 

abundance and presence of encrusting stromatoporoids indicate closer proximity to the 

reef front (James and Bourque, 1992). 

 
Facies:  Upper Slope 

 
 Criteria for Recognition.  Skeletal grains include thick, encrusting, tubular, and 

undifferentiated stromatoporoids within a dolopackstone or doloboundstone texture (fig. 

7d).    

 
Environment of Interpretation.  This environment is well-circulated and high in 

energy.  The increase in stromatoporoid abundance and diversity is similar to the 

stromatoporoid “reef front” zonation of James and Bourque (1992). 

 



20 

 

Facies: Slope Debris/Reef Flat Debris 

 
Criteria for Recognition.  Grains are dominated by gravel-sized sub-angular clasts 

derived from slope, margin, and/or interior facies (fig. 7e). The texture is classified as  

a dolofloatstone, because clasts are commonly suspended within an argillaceous matrix.  

 
Environmental Interpretation.  The angular shape of clasts suggests limited 

transport distance (basinward or bankward) from the bank.  When crinoid fragments 

and/or wafer stromatoporoid fragments are present, this facies was likely deposited 

basinward of the margin.  When such fauna are not present, this facies more likely 

accumulated as reef flat debris.  A third possibility is that the “facies” may reflect post 

depositional fault gouge and/or karst collapse. 

 
Facies: Margin  

 
Criteria for Recognition.  The rock fabric is a bound dolomitized framework of 

intergrown, massive-encrusting, bulbous and tubular stromatoporoids (fig. 7f).  Within a 

shallowing facies succession, the margin overlies slope deposits and is overlain by the 

stromatoporoid shoal facies, or less commonly, the Amphipora Lagoon facies (fig. 6). 

 
Environmental Interpretation.  Bulbous, thick, tabular and encrusting 

stromatoporoids within a massive growth framework suggest high wave energy within an 

open-marine environment.    
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Interior Association 
 
 

Facies:  Stromatoporoid Shoal 
 
 

Criteria for Recognition.  Sediments within this facies are composed of 

Amphipora, bulbous and tubular stromatoporoids, coarse stromatoporoids, and lithoclast 

fragments (fig. 8e).  Thick encrusting and tabular stromatoporoid are rare. Texture varies 

from dolopackstone to dolorudstone.  In a shallowing upward facies succession the 

stromatoporoid shoal overlies the margin and is overlain by the Amphipora Lagoon facies 

(fig. 6). 

 
Environmental Interpretation.  Interior facies mark a change in wave energy, as 

indicated by the presence of less robust insitu stromatoporoid morphologies and mud-

supported textures.  The position within a vertical facies succession indicates an 

environment of deposition immediately bankward of the margin/reef front. 

 
Facies: Amphipora Lagoon 

 
Criteria for Recognition.  This facies is dominated by Amphipora fragments as 

part of a dolowackestone to dolopackstone texture (fig. 8a).   The color of the mud matrix 

can either be dark brown, light gray or tan.  In a vertical succession this facies is overlain 

by the Beach facies and is underlain by the Stromatoporoid Shoal facies (fig. 6). 

 
Environmental Interpretation.  The variations in color suggest that the Amphipora 

lagoon facies was likely either well-circulated or restricted.   The observation of a dark 

mud matrix suggests a restricted, less aerobic environment.  A light gray color suggests  
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more oxygenated conditions.  Low faunal diversity may reflect variable conditions of 

salinity, temperature, and/or oxygen partial pressure.   These conditions suggest an 

interior environment of deposition where water circulation is sluggish (Stoakes et al, 

1992).   

 
Facies: Beach 

 
Criteria for Recognition.  The texture ranges from a dolorudstone to 

dolograinstone (fig. 8b).  Grains include peloids, Amphipora fragments, and other  

undifferentiated skeletal fragments.  In a vertical facies succession this facies occurs in 

association with the Tidal Flat facies. 

Environmental Interpretation.  Within the interior facies association, the more 

grain rich and coarser texture of the beach facies indicates higher energy conditions of 

accumulation than the associated Amphipora lagoon facies.   

 
Facies: Tidal Flat 

Criteria for Recognition.  The rock fabric consists of finely laminated and root 

modified peloid dolopackstones that at times includes fenestral fabric (fig. 8c).  The Tidal 

Flat facies can be associated with the Beach facies 

Environmental Interpretation.  Evidence suggests a restricted, poorly circulated, 

low energy shoreline.   

 
Facies: Exposure 

Criteria for Recognition.  The exposure complex is characterized by bedded as 

well as cavity filling green shale, and root traces (fig. 8d).  Lithoclasts are sub-angular to. 
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sub-rounded and are suspended within an argillaceous matrix.  The rock matrix at times 

is highly oxidized and recrystallized.  

Environmental Interpretation.  Disseminated and bedded green shale, and root 

traces indicate prolonged exposure (fig. 8f) (Kerans, 1988).  The associated sub-angular 

lithoclasts are similar to the karst-induced fracture and mosaic breccia described by 

Kerans (1988) in the Lower Ordovician Ellenburger Group of West Texas. 
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CHAPTER THREE 
 

Diagenesis 
 
 

Diagenetic Textures 
 

 The Leduc Formation at Sturgeon Lake South is pervasively dolomitized.  

Limestone is limited in abundance and is only observed in Sequences 4-6 (Appendix C).   

 
Dolomite Textures 

Drivet and Mountjoy (1997) observed six different dolomite-rock textures (sensu 

Sibley and Gregg, 1987) that are pervasive and fabric destructive in the Leduc Formation 

along the southern Rimbey-Meadowbrook Reef Trend.  Amthor et al (1993) observed in 

the Rimbey-Meadowbrook Reef Trend that 90% of the dolomite has a replacement fabric 

that is followed by a later phase of dolomite cementation that comprises approximately 

5% of the total rock volume.  Two generations of dolomite cement followed replacement 

dolomitization: a coarse and planar-e(s) cement and a coarser nonplanar cement. The 

coarse planar-e(s) cement post-dates the non planar cement (Drivet and Mountjoy, 1997).  

The diagenesis of the Sturgeon Lake Reef Complex (i.e. Sturgeon Lake South, Calais, 

and North Sturgeon) has a similar crystal morphology and paragenetic history.  

In the Sturgeon Lake Reef Complex five different dolomite-rock textures are 

observed.  Dolomitization was fabric destructive, and precursor grains are poorly 

preserved.  Replacement dolomite textures are classified according to the nomenclature 

of Sibley and Gregg (1987) as (1) fine unimodal planar-s, (2) coarse nonplanar, (3) coarse 

unimodal planar-e, (4) coarse unimodal planar-s, and (5) polymodal planar-s (fig. 9, a-
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d). Dolomite rhombs have curved crystal faces (saddle dolomite) and pronounced zoning 

that suggests increased temperature and burial (fig. 9e) (Machel, 1987).  Saddle and 

zoned dolomite are only observed in the coarser-grained nonplanar and planar-s 

dolomites.  Interparticle mud and intraparticle calcite were preferentially dolomitized 

because of the greater surface area for replacement (fig. 9f) (Sibley and Gregg, 1987).    

 
Other Diagenetic Textures and Diagenetic Structures 

Interparticle calcite cement is syntaxial and coarsely crystalline, and contains 

microcrystalline dolomite inclusions (fig. 10c).  Meyers and Lohmann (1978) suggest 

that microdolomite inclusions within syntaxial calcite cement form within the marine-

meteoric mixing zone.  In contrast, Amthor et al (1993) found no evidence for meteoric 

recharge and associated cementation in the Rimbey-Meadowbrook Reef Trend.  Calcite 

cements are most commonly coarse, equant, and blocky with rare bladed cements (fig. 

10b).  Anhydrite and pyrite occur as fracture, mold, and interparticle pore fill (fig. 10f 

and 11b).  Fractures, anhydrite, and stylolites are common throughout the Leduc 

Formation (fig. 10d, 10f, and 11e).   

 
Paragenesis 

 The paragenetic history for the Sturgeon Lake Reef Complex is summarized on 

Table 2 and is supported by the photomicrographs provided in Figures 10 and 11.  Each 

stage is numbered on Table 2 and is correspondingly labeled on photomicographs.   

Although the timing of hydrocarbon emplacement could not be constrained 

petrographically at Sturgeon Lake South, Machel (1993) in a study of the Alberta “deep 

basin” suggests emplacement prior to anhydrite cementation. 
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Table 1.  Paragenesis summary table for Sturgeon Lake South.  Paragenetic stages are 
numbered 1-14, and are annotated in corresponding photomicrographs on Figures  10 and 
11. 

 
Implications to Reservoir Quality 

 
Fracturing and Stylolitization 

 Stylolitization and fracturing do not affect reservoir quality to the extent that other 

parameters such as dolomitization and anhydrite emplacement. The exact duration of 

stylolitization is not constrained in this study; however, Drivet and Mountjoy (1997) 

observed stylolite formation both prior and following dolomitization.  At Sturgeon Lake 

South, stylolites occur in low density, and have no preferential facies association. Despite 



31 

 

the potential for porosity reduction associated with localized calcite dissolution and 

reprecipitation adjacent to stylolites, the density of stylolites is not great enough to 

significantly reduce reservoir quality. 

Fracturing may greatly influence the orientation and magnitude of fluid flow. 

Fracture density does not appear to be strongly controlled by facies (Appendix C).  

Lower slope facies are more commonly fracture-rubble (associated with core recovery 

from densely fractured rock), whereas other facies such as the Tidal Flat and Beach facies 

are not observed with a high fracture density.  In thin section, fracture porosity is often 

reduced by sparry calcite, anhydrite, and/or pyrite cement (Appendix B) (fig. 9d, 9f, 10a, 

and 10b).   

 
Anhydrite 

 Anhydrite occurs as nodules and fabric- and nonfabric-selective pore-fill that 

includes massive accumulations within vugular or cavernous porosity (fig. 12) (Appendix 

A).  Anhydrite is not preferentially associated with a particular facies and is clearly 

porosity destructive (Appendix C).  

 

 

Figure 12.  Core photographs of anhydrite.  Left: massive anhydrite filling vugular 
porosity.  Right: anhydrite filling growth framework porosity. 
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Dolomitization 

 Replacement dolomite forms in the subsurface/burial environment at Sturgeon 

Lake South, as well as at the isolated platforms of the Rimbey-Meadowbrook Reef Trend 

(e.g. Machel and Mountjoy, 1987; Amthor et al, 1993, Drivet and Mountjoy, 1997).  In 

thin-section, dolomitization enhances porosity (fig. 9c, 11c).  Relative to limestone and 

anhydrite, dolomite is characterized by the highest porosity regardless of facies 

(Appendix C).  During dolomitization crystalline volume is reduced, thereby producing 

secondary intercrystalline porosity (Warren, 2000; Murray, 1960; Weyl, 1960).  

Dissolution of calcitic fossils and matrix during and after replacement dolomitization 

accounts for some secondary porosity (Amthor and Mountjoy, 1992).  
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CHAPTER FOUR 
 

Sequence Stratigraphy 
 
 

Stratal Hierarchy 
 

Devonian strata within the WCSB record a second-order cycle of global sea level, 

and are documented in the literature as the Kaskaskia Cratonic Sequence (Plint, et al, 

1992; Vail et al, 1977; Sloss, 1966).   Within Alberta, the transgressive to the early 

highstand portion of the Kaskaskia Supersequence includes the Beaverhill Lake, 

Woodbend, and Winterburn Groups (Potma et al, 2001; Atchley and McMurray, 2000; 

Stoakes et al, 1992).  Deposition of the Woodbend Group marks the point of second-

order maximum transgression. The basinal Ireton shale and its correlative units that 

blanket the Leduc reefs record an episode of second-order highstand that immediately 

follows the second-order maximum flooding event, culminating in deposition of the 

Winterburn Group platform carbonates (Atchley and McMurray, 2000; Stoakes, et al, 

1992; Stoakes, 1980).  The Beaverhill Lake, Woodbend, and Winterburn Groups are 

composite sequences within the Kaskaskia Supersequence (Potma et al, 2001; Atchley 

and McMurray, 2000; Stoakes et al, 1992).  Each composite sequence is in turn 

partitioned into several third order sequences (Potma et al, 2001).  A total of nine third-

order sequences occur within the Beaverhill Lake, Woodbend, and Winterburn Groups 

(Potma et al, 2001).   
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Regional Correlations 
 
 

Peace River Arch to the Rimbey-Meadowbrook Trend 
 

Cross section B-B’ extends from the Peace River Arch to the rimmed reef 

carbonate buildup at Eaglesham (fig. 13; Appendix C, B-B’).  From Eaglesham, cross 

section A-A’ includes the isolated platforms of Calais, Sturgeon Lake, North Sturgeon 

(Sturgeon Lake Reef Complex) and Windfall in the deep basin, and terminates at the 

isolated Redwater platform (fig. 13; Appendix C, B-B’).  

 The observation that Leduc carbonates (13-13-78-26w5, 4-18-77-25w5, and 7-15-

77-25w5) initially aggrade and onlap the Peace River Arch at Eaglesham is consistent 

with Dix (1990) who describes a similar pattern of onlap and aggradation within 

“Sequence II” (fig. 13, Appendix C, B-B’).   Winterburn/Nisku strata that extend across 

the top of the Peace River Arch stack progradationally.  This pattern is consistent with 

stratal relationships observed by Dix (1990) within “Sequence I”.  The section traversing 

the arch, however, is based exclusively upon well-log response.  No core is available.   

Depositional cycle boundaries used in correlation are identified as spikes of high gamma 

ray activity that likely coincide with shales associated with marine transgression or 

subaerial exposure.  This well log signature is consistently cited in the literature as 

diagnostic for cycle boundary recognition within the Western Canada Sedimentary Basin 

(Potma et al, 2001; Huebscher, 1996; Wendte, 1994; Stoakes et al, 1992; Dix, 1990; 

Andrichuk, 1958).   
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Deep Basin and the Rimbey Meadowbrook Reef Trend 

In the deep basin and Rimbey Meadowbrook Reef Trend, stratal geometries are 

substantially different from the ramp/rimmed shelf of the Peace River Arch.  Sturgeon 

Lake, Windfall, Golden Spike and Redwater are all examples of isolated platforms (fig. 

4).   In the deep basin at Sturgeon Lake South and Windfall; however, (fig. 13; Appendix 

C, A-A’) stacking patterns of the Winterburn are aggradational to retrogradational.  

Throughout the deep basin and Rimbey-Meadowbrook trend, stratal geometries backstep 

during Woodbend Group/Leduc deposition, and indicate long-term sea level rise 

exceeding the rate of carbonate deposition (fig. 13).  Facies observed at Redwater by 

Potma et al (2001) occur within retrogradational sequences (Potma et al 2001) (Appendix 

C, A-A’).  In wells lacking core control at Redwater, Windfall, Kaybob, and Golden 

Spike, sequence boundaries are often identified by a thin “spike” in gamma-ray activity 

(Appendix C, A-A’).  The increase in gamma radiation reflects either argillaceous, deeper 

water facies above a parasequence or sequence boundary, or exposure-related clay 

enrichment at a sequence boundary (Appendix C, A-A’).  Sequences observed at 

Sturgeon Lake South, Windfall/Kaybob, and Golden Spike are of similar vertical (and 

perhaps temporal) scale to those observed at Redwater (Appendix C, A-A’).  All isolated 

platforms ultimately drown out, and are terminated prior to deposition of the basinal 

Ireton shale (fig. 13).   

 To better understand the controls on reef development throughout the region, both 

the off-platform basinal shales and Winterburn group platform carbonates were 

correlated.   The Ireton shale and other age-equivalent basinal deposits are characterized 

by westward prograding clinoforms that onlap and/or downlap onto the Leduc isolated 
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platforms (fig. 13; Appendix C, A-A’).   Westward progradation of the Ireton shale 

within the Western Canada Sedimentary Basin is similarly documented by Potma et al 

2001, Stoakes et al 1992, and Stoakes 1980.   Winterburn carbonates prograde over both 

Leduc isolated platforms (e.g., Eaglesham) and the overlying Ireton shales (e.g., Sturgeon 

Lake Reef Complex), and appear to prograde off the Peace River Arch (fig. 13). 

 
Sturgeon Lake South and Calais 

 
 The Leduc Formation at Sturgeon Lake South and Calais is composed of 12 

retrogradationally stacked depositional sequences (fig. 14) (sequence stratigraphic 

terminology sensu Van Wagoner et al 1987).  The uppermost six sequences occur within 

the reservoir interval at Sturgeon Lake South and have been extensively cored (Appendix 

C, Sturgeon Lake South basemap).  From this detailed dataset, the six “reservoir” 

sequences at Sturgeon Lake South are correlated within a grid of 16 cross-sections to 

evaluate the history of sediment accumulation during the latter half of Leduc deposition 

(Appendix C, Sturgeon Lake South basemap).  The following discussion of each 

sequence summarizes the depositional history. 

 
Sequence 1 

 Sequence 1 is dominated by interior facies located bankward of a narrow, high-

relief margin (Appendix C).  The distribution of outer bank deposits (slope and burrowed 

nodular facies) is poorly constrained but likely occurs as a narrow zone of deposition 

(Appendix C).  
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Figure 14.  Diagrammatic cross-section of Sturgeon Lake South and Calais. 
 
 
Sequence 2 

 Sequence 2 progrades beyond the downlap limit of Sequence 1 (fig. 14, Appendix 

C).  This progradational geometry is unique to Sturgeon Lake South inasmuch as most 

sequences observed within other platforms backstep.  Sequence 2 likely records a brief 

episode of decreased rate of sea level rise.  Sequence 2 is also dominated by interior 

facies, but a higher-energy shoal occurs behind the margin (Appendix C).  Along the 

northern portion of Sturgeon Lake South an embayment occurs, whereas the eastern prow 

of Sturgeon Lake South is characterized by a small, margin-rimmed interior lagoon 

(Appendix C). 

 
Sequence 3 

 The bank area contracts in response to rising sea level, and facies backstep above 

sequence 2 (Appendix C and fig. 14).  Slope/reef margin debris accumulates within an 

embayment adjacent to the southeastern margin of Sturgeon Lake South (Appendix C).  
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The eastern prow continues to aggrade as a small, margin-rimmed interior lagoon 

(Appendix C). 

 
Sequence 4 

 The nature of carbonate deposition changes markedly during sequence 4.  The 

aerial extent of the bank decreases substantially and outer bank deposits become more 

abundant across the bank top (Appendix C).  Bank retreat and the widespread deposition 

of outer bank deposits indicate a substantial deepening across Sturgeon Lake South .  The 

backstepping stratal geometry is apparent in cross section view (Appendix C, L15).  

Slope/Reef Debris continue to accumulate within the back-barrier embayment along the 

southeastern portion of the bank (Appendix C). 

Within Sequence 4 an unusual lateral facies association is observed (Appendix C, 

L16).  The interior Amphipora lagoon facies is laterally equivalent to burrowed nodular 

facies. A similar facies association (i.e., off-platform dark shale adjacent bank interior) is 

observed in the Redwater Reef Complex, and attributed to a sudden increase in 

subsidence rate (Klovan, 1964).  This evidence leads Klovan (1964) to conclude that a 

disconformity exists between the off-platform and reef interior deposits.  No evidence for 

such a disconfomity is observed at Sturgeon Lake South.  

  
Sequences 5-6 

 Sequences 5 and 6 record the initial drowning of the Sturgeon Lake South bank 

and associated widespread deposition of relatively condensed off-platform burrowed 

nodular sediments.  The equivalent margin to the off-platform deposits retreats (i.e. 
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backsteps) to the western portion of Sturgeon Lake South (Appendix C).  Sequence 6 is 

disconformably overlain by the basinal Ireton shale (fig. 14).   

 
Controls on Facies Distributions 

 
 

Antecedent Topography 
 
 The effects of antecedent topography are best expressed in the region of the Peace 

River Arch (Appendix C, fig. 13).  The Peace River Arch is thought to have developed as 

the result of differential uplift and subsidence associated with Late Silurian and Early 

Devonian subduction along the western continental margin (Root, 2001; Cant, 1988).  

The Winterburn and perhaps the Woodbend Groups are progradational across the Peace 

River Arch, whereas the Woodbend and Winterburn within the adjacent basin are largely 

retrogradational (Appendix C, B-B’).  Woodbend progradation away from the Peace 

River Arch is also documented by Dix (1990) (fig. 13; Appendix C, B-B’).  Given that 

regional stacking patterns within the Woodbend and Winterburn are largely 

retrogradational, local progradation of equivalent strata away from the Peace River Arch 

likely reflects an accommodation limit imposed by antecedent topography. 

Isolated platforms within the Deep Basin and Rimbey Meadowbrook Reef Trend 

also nucleate on antecedent topographic highs (Stoakes et al, 1992).  The Cooking Lake 

platform provided a bathymetric high onto which isolated Leduc banks such as Redwater 

and the Sturgeon Lake Reef Complex nucleated (Wendte, 1994).  The linear nature of the 

Rimbey Meadowbrook Reef Trend suggests differential bathymetric relief that may have 

been produced by antecedent faulting at depth, but such structural evidence is speculative 

(Potma et al 2001; Wendte, 1994). 
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Windward/ Leeward Effects 

During the Devonian, the paleowind direction was from the east-northeast (Potma 

et al, 2001).  Evidence of windward/leeward effects are observed on the Sturgeon Lake 

South, Golden Spike, and Redwater isolated platforms.  A northeasterly paleowind 

direction is supported by the presence of a wave-resistant barrier margin along the eastern 

flank of Sturgeon Lake South, whereas the northwestern flank is dominated by shoal 

deposits (Appendix C, Facies Maps 2 through 4).  Modern barrier reefs also preferentially 

occur along the windward side of carbonate banks (Harris, 1996; James and Bourque, 

1992; Halley et al, 1983, Hine and Neumann, 1977).  The Woodbend Group isolated 

banks at Golden Spike and Redwater are highly aggradational and characterized by 

robust reef margins on the windward side, whereas the leeward side is dominated by an 

overall retrogradational stratal geometry (Appendix C, A-A’).  Likewise, the Peace River 

Arch has a fringing carbonate buildup along its southeastern flank, and is dominated by 

calcareous shales along its northwestern flank (Appendix C, B-B’).  The calcareous 

shales may reflect terrigenous sediments derived from the Peace River Arch that 

preferentially accumulated within a marine environment along the leeward flank. 

 
Proximity to a Cratonic Landmass 

The Ireton Shale and its equivalent deposits were derived from the Ellesmerian 

Fold and Thrust Belt in the Canadian Arctic Archipelago (Stoakes et al, 1992).  Rates of 

sea-level rise were decreasing toward the end of Woodbend Group deposition, and 

subsequently, basinal shales prograded from the fold and thrust belt toward the southwest 

(fig. 13; Appendix C, B-B’).  Southwest progradation likely reflects both the 

northeasterly source terrain, and northeasterly paleowind direction. The termination of 
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reef development at Sturgeon Lake South may reflect both a relatively rapid rate of sea 

level rise associated with second-order maximum flooding, and marine contamination 

associated with an increase in turbidity from the craton-derived Ireton Shale.  Stoakes 

(1980) in a study of the Ireton Shale and its effect on the growth and termination of the 

Leduc reefs reaches a similar conclusion.  
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CHAPTER FIVE 

 
Conclusions 

 
 

 Analysis of the Devonian Leduc Formation and its stratal equivalents at Sturgeon 

Lake South and the region extending from the Peace River Arch to the Rimbey-

Meadowbrook Reef Trend reveals the following: 

1) Eleven depositional facies are recognized and interpreted: burrowed nodular, 

lower slope, slope sand, middle and upper slope, slope/reef flat debris, margin, 

stromatoporoid shoal, Amphipora lagoon, beach, tidal flat, and exposure complex. 

2) Analysis of the lithologic distribution across Sturgeon Lake South indicates that 

dolomite is more common than limestone or anhydrite.  Dolomitization is not 

facies specific. 

3) Five replacive dolomite textures are observed in the Sturgeon Lake Reef 

Complex: fine unimodal planar-s, coarse non-planar, coarse unimodal planar-e, 

and coarse unimodal planar-s.  Dolomitization is pervasive and fabric destructive, 

and enhances porosity. 

4) Thirteen phases of diagenetic alteration are observed, and most took place within 

a burial environment.   

5) Regional stratigraphic correlations suggest both progradational and aggradational 

geometries across the Peace River Arch during Woodbend and Winterburn Group 

deposition.  Within in the Deep Basin, the isolated platforms of the Sturgeon Lake
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6) Reef Complex, Windfall/Kaybob, Golden Spike and Redwater are characterized 

by backstepping stratal geometries.  

7) The Leduc Formation at Sturgeon Lake South and Calais is composed of 12 

retrogradationally stacked depositional sequences.  Sequences 1 and 2 are 

progradational, and sequences 3 through 6 are retrogradational.  Bank drowning 

occurred after the deposition of sequence 6, and was concomitant with the initial 

deposition of the Ireton Shale. 

8)  The evolution of Sturgeon Lake South, other isolated platforms, and the rimmed-

shelf of the Peace River Arch was influenced by eustatic sea level change, 

antecedent topography, windward/leeward effects, and proximity to a cratonic 

landmass. Antecedent positive topography limited accommodation space and 

induced a progradational stratal style across the Peace River Arch.  The 

northeasterly paleowind direction during the late Frasnian induced the growth of 

windward robust margins and barrier reefs at Sturgeon Lake South.  Conversely, 

the leeward side of the bank is characterized by a less robust margin. Throughout 

the region, highly aggradational stratal stacking patterns occur along the 

windward margin, whereas retrogradational stacking occurs along the leeward 

margin.  The Ireton Shale was likely derived from cratonic sediments associated 

with the Ellesmerian fold and thrust belt.  The influx of fine clastics possibly 

contaminated marine water, thereby contributing to the demise of Leduc 

platforms within the Western Canada Sedimentary Basin. 
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Facies vs. Fractures
Combined: Based on Thickness (left) and Sample Counts (right)
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