
 

 

 

 

 

 

ABSTRACT 

Regional Reservoir Characterization and Sequence Stratigraphy of the Jean Marie 

Member of the Redknife Formation, Northern British Columbia 

Curtis J. Barclay, M.S. 

Thesis Chairperson: Stacy C. Atchley, Ph.D. 

 

 

 The Upper Devonian Jean Marie Member of the Redknife Formation in northern 

British Columbia is an extensive carbonate shelf complex.  Porous stromatoporoid 

boundstones are the primary gas reservoirs, and are stratigraphically trapped beneath and 

adjacent to the Upper Redknife Shale Member.  This study focuses on characterizing 

reservoir quality and regional distributions through facies description, reservoir attribute 

mapping, and delineation of the depositional and/or diagenetic controls on reservoir 

quality.  The study is based upon detailed core description of whole core from 80 wells 

(1556 m of cumulative length), and wireline logs from 156 wells.  The Jean Marie 

reservoir interval is composed of 17 facies grouped within 5 facies associations.  The 

stromatoporoid boundstone (“reef”) facies association is concentrated within three 

distinct, north-trending fairways within the eastern, central, and western portion of the 

study area.  These fairways are interpreted to be the product of a westward prograding 

carbonate shelf that evolved from a ramp to rimmed shelf through time. The highest 

reservoir quality within the reef complex coincides with fractured facies characterized by 

grain-supported textures and associated high interparticle porosity.  The spatial 



 

 

distribution of reservoir properties is depicted through cross-sections and maps of facies, 

grain-supported textures, gross and net porosity thickness, pore-volume thickness, gross 

interval thickness and fracture density
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CHAPTER ONE 

Introduction 

 

 

Objectives 

 

 The Jean Marie Member of the Redknife Formation is an extensive gas-charged  

 

carbonate shelf complex.  This shelf complex is progradational and overlies basinal shale  

 

of the Late Devonian Fort Simpson Formation.  The Jean Marie extends across northeast 

 

British Columbia, northwest Alberta, and the southern Northwest Territories and is  

 

estimated to contain 10.6 tcf of in-place gas reserves (Adams et al., 2006) (Table 1).  

 

 

Table 1.  Jean Marie conventional gas reserves in trillion cubic feet (tcf)  

(modified from Adams et al., 2006). 
 

  GIP (tcf)  

Formation Play Area Low  Medium  High  Producible  Marketable 

Jean Marie Platform  2.657 7.107 12.855 4.617 4.127 

Jean Marie Bank Edge 1.722 3.058 8.865 2.723 2.395 

 

 

 Despite proven gas reserves and significant gas in-place estimates (Table 1), there 

is very little information published on the Jean Marie Member.  Using a small dataset of 

only 18 core, Wendte (2009a) introduced a facies model and sequence-stratigraphic 

framework for the Jean Marie in a location just north of the study area.  Additionally, 

Wendte's (2009a, b) studies did not include an examination of the highly productive Jean 

Marie shelf margin.  

 The objectives of this study of the Jean Marie Member are to:  1) develop a facies  

 

model and depositional framework from the core data set, 2) determine relationships  
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between facies/facies associations and reservoir quality attributes, 3) generate a 

 

sequence-stratigraphic framework to evaluate the depositional history of the Jean Marie,  

 

and 4) characterize the spatial distribution of potentially porous and permeable reservoir  

 

bodies.  

 

 

Geologic Setting 

 

 The Jean Marie Member was deposited within the Western Canada Sedimentary 

Basin (WCSB), which contains a northeastward-tapering wedge of Phanerozoic 

sedimentary rocks.  The sedimentary wedge thickens gradually southwestward from a 

zero edge to a thickness of 3 and 5 km within the basin axis (Price, 1994).  The Jean 

Marie Member was deposited during the early miogeocline platform stage of WCSB 

formation (Price and Mountjoy, 1970).   Upper Devonian strata in western Canada were 

largely deposited as platform carbonates and equivalent basinal deposits during a second-

order (i.e., Kakaskia, sensu Sloss 1963) cycle of sea-level change.  During this time, the 

Late Devonian climatic deterioration from warm to cool coincided with the Frasnian–

Famennian mass-extinction event (Whalen, 2010).  Sea-level rise during the Early and 

Middle Devonian led to the accumulation of a thick sedimentary succession within the 

WCSB (Bond, 1991). Second-order sea-level highstand during the Devonian produced a 

seaway that extended across the Northwest Territories and western Canada, and resulted 

in clastic and carbonate deposition throughout the WCSB (Corlett, 2011).  

 The WCSB lithostratigraphic framework for the Devonian of northern British 

Columbia is summarized in Figure 1.  Jean Marie shallow-marine carbonates overlie the 

deep-water shales of the Fort Simpson Formation, and the Jean Marie is overlain by the 

low permeability deep-water shales of the Redknife Formation.   
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Figure 1. Late Devonian lithostratigraphy of northeast British Columbia. (modified from 

Wendte 2009b and Mei 2009)  

 

 

 The Jean Marie accumulated as a carbonate platform complex that was attached to 

the western margin of the North American continent (Figure 2).  Figure 2 presents the 

location of the Jean Marie study area in relation to both global and regional Late 

Devonian paleogeographic reconstructions.   
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Figure 2.  The lower map A) displays a Late Devonian (360Ma) global 

paleogeographic reconstruction (modified from Scotese 2004), with North America 

highlighted in gray, and the study area identified by a red star. The upper map B) 

displays the North American paleogeography during the Late Devonian (360Ma) 

(modified from Blakey 2010), and the small red box identifies the location of the study 

area. The white line across the map depicts the Late Devonian paleoequator and its 

relation to magnetic north (see arrow).   
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  Data and Methodology  

 This study is based upon detailed description of 1556 m of whole core from 80 

vertical wellbores within the study area (Figure 3).  Core was described at the Dave 

Johnson (Charlie Lake) Core Research Facility that is operated by the British Columbia 

Ministry of Energy and Mines.  Detailed core descriptions account for variations in  

matrix texture, facies, grain type, sedimentary structures, visible porosity type and 

relative proportion, conspicuous cement type and fracture density.  Photographs were 

taken of all diagnostic features observed within each core.  Core description attributes, 

such as facies designation and matrix texture, are digitized within Microsoft Excel® and 

merged with all porosity and permeability core analysis data (64 wells).  Statistical 

analysis of core description results were completed within Microsoft Excel® and drafted 

within ACD Canvas®.   

 Well log data from 235 vertical wellbores were used for stratigraphic correlation 

within a cross-section grid for the study area (Figure 3).  Stratigraphic correlation was 

completed within Halliburton Geographix® Xsection
TM

.  Following correlation, Jean 

Marie top and bottom horizon picks were exported into Microsoft Excel® and imported 

into Surfer 8® where map attributes were computer gridded and contoured.  Computer-

generated maps were then imported into ACD Canvas 11® where they were modified 

and refined by hand.  Additional attributes (i.e., stratigraphic tops, and porosity value and 

thickness measurements) that were digitized and used in mapping were collected using 

raster well logs available within IHS Energy Accumap ® (i.e., for well logs not available 

within the Geographix database).  Logs from a total of 156 vertical wells are included in 

the study and consist of sonic, density and neutron-density porosity data. 
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Figure 3.  Basemap of study area including wellbores with core and all wellbores as deep 

as or deeper than the Jean Marie Member.   Bold lines (A-A' and B-B') represent detailed 

stratigraphic cross-sections (Appendix A) used for sequence-stratigraphic interpretations.  

Red lines are north-south cross-sections and gray lines are east-west counterparts.  Blue 

circles identify wells with Jean Marie core. Original core descriptions and a core 

description legend are located within Appendices B-F. 
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CHAPTER TWO 

 

Facies Framework  

 

 

Facies Model Introduction 

 

 Wendte (2009a) described the Jean Marie as a prograding carbonate shelf with a 

well defined margin that includes a shallow-water interior with abundant coalescing 

patch reefs.  Stratigraphic correlations from the present study indicate that the shelf 

evolved from a gently sloping carbonate ramp into a high-relief, rimmed shelf (Plate A). 

From these depositional systems, seventeen total facies are differentiated within the Jean 

Marie on the basis of variations in texture, grain types, and sedimentary structures (Table 

2).  The relative proportion of each facies observed within core is shown in Figure 4.  The 

following discussion provides descriptions of the criteria by which facies are 

differentiated and subsequently interpreted. 

 

Facies 1- Laminated Rooted Mudstone (LRM) 

 

 Facies 1 is a black to brown mudstone with few carbonate grains.   No diagnostic 

allochems exist in this facies, although the most common grains include intraclasts and 

peloids.  Common sedimentary structures are millimeter lamina (Figure 5A), root traces 

(Figure 5A), burrows, mud cracks, flaser bedding, and occasionally the trace fossil 

Bergaueria.  Mud cracks and root traces indicate deposition within a shallow tidal flat 

environment.  
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Facies 2- Amphipora Floatstone (AF) 

 

 Facies 2 has abundant Amphipora and typically a wackestone texture (Figure 5B).   

 

Accessory grains are sparse but include brachiopod, intraclast, gastropod, oncoid, 

Thamnopora, and rugose coral. Trace fossils are rare, but Thalassinoides burrows are 

occasionally observed.   The mud-rich texture and limited faunal diversity is suggestive 

of a low-energy, somewhat restricted shallow-marine environment.  

 

 

Figure 4. Percent facies occurrence within the total Jean Marie core described. 

 

 

Facies 3- Massive Encrusting Thrombolite Boundstone (METB) 

 

 The key diagnostic attributes of facies 3 are filamentous cyanobacterial binding 

and lesser platy stromatoporoids (Figure 5C).  Accessory fauna are rugose and tabulate 

coral, brachiopods, crinoid ossicles, bivalves, and Thamnopora.  The dominant textural 

classification of facies 3 is bindstone, and the typical matrix texture is wackestone or 
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packstone.  The presence of coral, platy stromatoporoids, and organic binding suggests a 

patch reef or barrier reef depositional environment.  

 

Facies 4- Massive Encrusting Stromatoporoid Boundstone (MESB) 

 

 The most common texture within this facies is framestone and/or boundstone with 

packstone or grainstone texture between organically bound sediment.  Massive encrusting 

stromatoporoids are the most common framework skeletal component (Figure 5D).  

Other accessory skeletal grains include rugose and tabulate corals, stromatoporoids 

(bulbous, platy, and cylindrical), Renalcis, brachiopods, Thamnopora, and gastropods.  

Massive encrusting stromatoporoid boundstone facies is the most common "reef" deposit 

within the Jean Marie.  The growth framework habit of binding organisms is suggestive 

of a high-energy marine, reef environment.    

 

Facies 5- Platy Stromatoporoid Boundstone (PSB) 

 

 The dominant texture is boundstone with mudstone or wackestone matrix 

texture.  Only 35% of facies 5 contains packstone to grainstone matrix textures.  

Distinguishing features include an abundance of platy stromatoporoids and an absence of 

massive encrusting stromatoporoids (Figure 6A).  Platy stromatoporoids are distinguished 

from massive encrusting stromatoporoids by thickness.  Stromatoporoids greater than 2 

cm in thickness are considered massive, whereas tabular stromatoporoids ranging from 

0.5 to 2 cm are considered platy.  Tabular stromatoporoids less than 0.5 cm in thickness 

are described as wafer (Figure 6A). These varieties of stromatoporoid also have 

distinctive growth habits.  Massive encrusting and platy stromatoporoids occur as 

colonies in which a framework of three-dimensional plates grew above the seafloor, and  
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Figure 5. Core photographs of Jean Marie Member facies 1-4.  Total length of the scale bar is 1 cm. 

A) LRM (facies 1) in well 200B032L094I04 at 1698m depth 1) rooting and 2) fine laminations;   B) 

AF (facies 2) in well 200A100I094I11 at 1369m depth, 1) one of many Amphipora grains in a 

wackestone matrix; C) METB (facies 3) in well 200C085I094I10 at 1126m depth, 1) filamentous 

cyanobacterial thrombolitic binding and 2) platy stromatoporoid;  D) MESB (facies 4) in well 

200B060C094I12 at 1501m depth, 1) pendant renalcis and platy stromatoporoids with intercalated 

grainy sediment, 2) calcite-filled fracture, and 3) massive encrusting stromatoporoid. 
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wafer stromatoporoids grew as thin branching sheets across the seafloor (Wendte, 

2009a).  Common accessory grains include rugose and tabulate coral (Figure 6A), 

Thamnopora, brachiopods, intraclasts, cylindrical stromatoporoids, Amphipora, and 

crinoids.  The muddy texture and constituent grains are suggestive of a middle slope 

depositional environment.  Facies 5 is a common transitional facies between off-bank and 

on-bank reef crest facies.   

 

Facies 6- Fine Peloid Skeletal Grainstone (FPG) 

 

 Facies 6 is characterized by a grainstone texture and abundant fine peloids (Figure 

6B).  Accessory grains include oncoids and whole or fragments of bryozoa, brachiopod, 

gastropod, and rugose coral.  The facies is almost always observed to be massive, and 

ripple and trough cross-stratification are rarely observed.  Facies 6 is interpreted as a 

shoal deposit possibly associated with "reefal" buildups of facies 4 and/or 5.  Interparticle 

and moldic porosity is common.  

 

Facies 7- Coral Floatstone Restricted (CFR) 

 

 A wackestone texture with large interspersed corals and oncoids is most common 

(Figure 6C).  Regular accessory grains include Thamnopora, rugose and tabulate coral 

(Figure 6C), platy stromatoporoids, gastropods, brachiopods, and crinoid ossicles.  

Thalassinoides burrows are occasionally observed.  The mud-supported texture and 

presence of oncoids and corals suggest deposition within a low-energy, restricted marine 

environment (Wilson, 1975).   
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Figure 6.  Core photographs of Jean Marie Member facies 5-8.  Total length of the scale bar is 

1 cm.  A) PSB (facies 5) in well 200B008D094I05 at 1697m depth, 1) platy stromatoporoid 

surrounded by micrite, 2) wafer stromatoporoid and 3) Thamnopora;  B) FPG (facies 6) in well 

200B100H094I12 at 1432m depth, 1) large fracture filled with calcite and 2) interparticle pore 

space between peloid grains; C) CFR (facies 7)  in well 200C029J094I11 at 1323m depth, 1) 

rugose coral, 2) Megalodont bivalve and 3) oncoid;  D) CFO (facies 8) in well 200A094D094I10 

at 1321m depth, 1) tabulate coral, 2) Thamnopora and 3) small brachiopod. 
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 Facies 8- Coral Floatstone Open (CFO) 

 

 Facies 8 is similar to facies 7, but is primarily differentiated by an absence of 

oncoids and relatively higher faunal diversity (Figure 6D).  Diagnostic grains include 

Thamnopora (Figure 6D), tabulate coral (Figure 6D), and brachiopods (Figure 6D), and  

accessory grains include rugose coral, crinoid ossicles, brachiopods, platy 

stromatoporoids, intraclasts, and Amphipora. Facies 8 is interpreted to have accumulated 

within a low-energy, relatively more open-marine environment (i.e., in comparison with 

Facies 7).  This interpretation is supported by both the mud-rich textures and more 

diverse associated grain types.   

 

Facies 9- Skeletal Wackestone Restricted (SWR) 

 

 Diagnostic grains are oncoids and undifferentiated skeletal grains (Figure 7A), 

and accessory grains are gastropods, Thamnopora, rugose coral, cylindrical 

stromatoporoids, and Amphipora.  The trace fossil Thalassinoides is occasionally 

differentiated.  Based on its muddy texture and oncoids, facies 9 is interpreted to have 

accumulated within an environment similar to facies 7.  

  

Facies 10- Skeletal Wackestone Open (SWO) 

 

 Facies 10 is similar to facies 9, but is distinguished by the absence of oncoids and 

higher grain abundance.  Oncoids and grain-richness help distinguish restricted 

intermediate depth subtidal environments from open-marine depositional environments, 

in the same manner that facies 7 and 8 are distinguished.  Diagnostic allochems of facies 

10 are brachiopods and crinoid ossicles (Figure 7B), with accessory grains including 

gastropods, intraclasts, platy stromatoporoids, and Thamnopora.  Allochems are 
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suspended in a mud-rich, wackestone matrix indicative of a low-energy, subtidal 

depositional environment. The assortment of grains and the absence of oncoids indicates 

a more open-marine environment than facies 9.   

 

Facies 11-  Skeletal Intraclastic Wackestone (SIW) 

 

 The distinguishing feature of facies 11 is its mudstone to wackestone texture, and 

crinkly and argillaceous stylolitized lamina (Figure 7C).  Diagnostic grains include 

brachiopods, crinoid ossicles, and intraclasts (Figure 7C).  Less common accessory grains 

are rugose corals and peloids.  Grain types and the argillaceous mudstone to wackestone 

textures suggest that facies 11 likely accumulated within an intermediate to deeper 

subtidal environment.  

 

Facies 12- Restricted Burrowed Mudstone (RBM) 

 

 Facies 12 is characteristically a peloid mudstone that lacks large grains (Figure 

7D).  Brachiopods, bivalves, and crinoid ossicles are occasionally observed as accessory 

grains.  Sedimentary structures include Thalassinoides burrows (Figure 7D) and crinkly 

lamina.  Argillaceous mudstone texture and low faunal diversity within facies 12 indicate 

deposition within an intermediate to deeper subtidal environment.   

 

Facies 13- Intraclastic Flaser-Bedded Mudstone (IFM) 

 Alternating mud and carbonate layers as “flaser” lamina are diagnostic (Figure 

8A).  Lamina are comprised of terrigenous clay and silt drapes across centimeter-thick 

carbonate layers.  Accessory grains may include intraclasts, peloids, crinoid ossicles, 

Thamnopora, and undifferentiated skeletal grains.  Flaser bedding is diagnostic of  
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Figure 7. Core photographs of Jean Marie Member facies 9-12. Total length of the scale bar is 

1 cm.  A) SWR (facies 9) in well 200A094D094I10 at 1312m depth, 1) undifferentiated skeletal 

grain and 2) oncoid;  B) SWO (facies 10) in well 200A055H094I10 at 1153m depth, 1) 

brachiopod and other undifferentiated skeletal grains and 2) crinoid stem; C) SIW (facies 11) in 

well 200A094D094I10 at 1324m depth, 1) brachiopod surrounded by crinkly argillaceous lamina, 

2) crinoid ossicle, 3) intraclast and 4) pyrite replacement; D) RBM (facies 12) in well 

200B085D094I12 at 1509m depth, 1) peloid.  
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depositional environments with intermittent and/or alternating flow (Reineck and 

Wunderlich, 1968).  The mud-rich nature and low faunal diversity suggest accumulation 

within a deeper subtidal depositional environment.  

 

Facies 14- Skeletal Rudstone (SR) 

 

 Facies 14 is a coarse-grained rudstone composed of brachiopods, rugose corals, 

and Thamnopora (Figure 8B) along with less common gastropods, intraclasts, and 

undifferentiated skeletal grains.  Facies 14 is commonly located at the base of 

parasequence 1 (Appendix A) and has a rudstone texture. This may infer a relatively 

high-energy environment and/or a basinal storm or transgressive lag.   

 

Facies 15- Black Laminated Mudstone (BLM) 

 Facies 15 is a calcareous shale composed of terrigenous clay and silt (Figure 8C) 

that includes rare, diminutive brachiopod and crinoid ossicles.  Millimeter to sub-

millimeter lamina are common throughout (Figure 8C).  This facies is commonly 

recovered as rubble in core (Figure 8C). The argillaceous mudstone texture, marine biota 

and millimeter lamina suggest a low-energy, restricted marine environment (likely 

basinal).  

 

Facies 16- Rounded and Sorted Skeletal Rudstone (RSSR) 

 Diagnostic attributes are a packstone to rudstone texture, coated grains, abraded 

and rounded skeletal grains, lithoclasts, and Amphipora (Figure 8D).  Horizontal lamina 

are rarely present.  Coated and abraded skeletal grains suggest sediment accumulation 

within shallow, agitated conditions (Srivastava, 2006).  

 



 

18 

 

 
 
Figure 8. Core photographs of Jean Marie Member facies 13-17 found within the Jean Marie 

Member. Total length of the scale bar is 1 cm.  A) IFM (facies 13) in well 200C045F094I08 at 

1276m depth, 1) terrigenous clay lens and 2) carbonate lens;  B) SR (facies 14) in well 

200B031E094I09 at 1140m depth, 1) calcite filled brachiopod, 2) colonial rugose coral bioclast 

and 3) crinoid ossicle;  C) BLM (facies 15) in well 200D047I094I08 at 1177m depth, 1) rubbled 

calcareous shale with mm scale lamina;  D) RSSR (facies 16) in well 200D089E094I04 at 1794m 

depth, 1) coated skeletal grain, 2) round and abraded skeletal grain 3) lithoclast and 4) 

Amphipora; E) RSK (facies 17) in well 200B008D094I05 at 1677m depth, 1) stromatoporoid 

fragments within a lithoclast, 2) lithoclast and 3) undifferentiated skeletal grain. 
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Facies 17- Intrareef Skeletal Debris (RSK) 

 Facies 17 is commonly a packstone to grainstone texture with diverse skeletal 

grains including most commonly stromatoporoid fragments, and less commonly 

intraclasts and angular lithoclasts (Figure 8E).  Based on the high proportion of 

stromatoporoid and lithoclast reef fragments, facies 17 is interpreted as reworked reef 

debris.   

 

Facies Associations 

 

 Facies are grouped into five associations on the basis of sedimentological 

attributes and environmental similarity (Table 2).  Figure 9 summarizes the proportion of 

each facies association observed in core.  

 

Table 3. Facies associations, their constituent facies and likely  

environment(s) of deposition. 

 

Facies Association Depositional Environment Associated Facies 

1 Low-energy subtidal to intertidal 1, 2 

2 Low-energy subtidal 7, 8, 9, 10, 12 

3 Platform top or margin buildup 3, 4, 5, 17 

4 Platform top shoal 6, 16 

5 Deeper-marine, subtidal to basinal 11, 13, 14, 15 
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Figure 9.  Proportion of facies associations observed in core. 
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CHAPTER THREE 

Controls on Reservoir Quality 

 

 

Introduction 

 

 Trends of porosity and permeability and rates of gas production closely correlate 

within the Jean Marie Member (Figure 10).  The following discussions present results 

from the evaluation of whether reservoir quality (porosity, permeability and fracture 

density), and hence gas production, is predictably related to facies and/or facies 

associations. 

 

 

Figure 10.  Box and whisker plot comparing net pore-meter thickness to maximum daily gas 

production.  Pore-meter thickness in this study is defined as the interval thickness where density 

porosity exceeds neutron porosity on well logs when calibrated to a "limestone" matrix, i.e., "gas-

effect", multiplied by median porosity across the "gas effect" interval. 
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Reservoir Quality and Facies 

 Reservoir quality is commonly facies-specific, because facies represent recurring, 

homogenous rock properties that are distinguishable from other, interstratified rock.  

Primary depositional attributes characteristic of facies, and/or facies-specific diagenetic 

fabrics commonly control variability in reservoir quality.  The following discussion 

presents an evaluation of whether (or not) reservoir quality is predictably related to 

depositional facies.   

 Figure 11 provides a "box and whisker plot" that compares facies with core-

observed porosity and permeability. Explicit trends in the porosity of individual facies 

displayed in Figure 11A suggest that depositional facies is a control on reservoir porosity.  

High energy depositional facies 4, 6, 16, and 17 have the highest mean porosity values 

with all above 5% (Figure 11A).   Three of these facies have low sample population (N), 

i.e., facies 6, 16 and 17, because they have a naturally low abundance within the Jean 

Marie.   Permeability trends are similar to porosity with the exception of facies 1, 12 and 

15 (compare Figures 11A and 11B).   Anomalously high permeability values within 

facies 1, 12 and 15 may be related to comparatively low sample populations.  In general, 

facies with higher values of porosity and permeability coincide with higher-energy 

environments of deposition.  

 

Reservoir Quality and  Facies Associations 

 Facies associations were also compared with porosity and permeability trends 

(Figure 12).  Facies associations 3 and 4 have the highest range of porosity and 

permeability, as well as the highest mean and median values (Table 4).  Median, rather 
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than mean values are a more reliable representation of permeability inasmuch as 

permeability occurs within a logarithmic range.   

 

Table 4.  Facies association porosity and permeability summary statistics. 

Facies 

Association 

Mean 

Porosity 

(decimal fraction) 

Median 

Porosity 

(decimal fraction) 

Mean 

Permeability 

(mD) 

Median 

Permeability  

(mD) 

1 0.038 0.033 2.27 0.17 

2 0.040 0.034 1.42 0.20 

3 0.048 0.044 3.30 0.43 

4 0.057 0.064 11.43 1.18 

5 0.028 0.028 3.32 0.03 

 

Textural Classification and Reservoir Quality 

 

 Grain-supported matrix textures, produced by current-winnowing of carbonate 

mud, have the highest proportion of interparticle pore types, and accordingly, the highest 

measureable porosity and permeability (Figure 13). Facies associations 3 and 4 

accumulated within high-energy depositional environments, and are grain-rich and have 

the highest porosity and permeability (Figure 14).    

 

Fracture Occurrence and Facies 

 Fracture density data were also collected during core description and results are 

summarized in Figure 15.  Despite the fact that the majority of fractures are calcite-filled 

(Figures 5D, 16A, 16B, and 16C), there is a strong correlation between fracture density 

and depositional environment.  Facies association 3, i.e., the reef framework association 

(facies 3, 4 and 5), has the highest fracture density (Figure 15B).  No clear correlation is 

observed between the occurrence of calcite cement and facies or facies association. 
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Figure 11. Box and whisker plots that compare facies to both porosity A) and Kmax 

permeability B). Data are from the analytical analysis of whole core samples. N = sample 

size. 
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Figure 12. Box and whisker plots that compare facies association to both porosity A) and 

Kmax permeability B). Data are from the analytical analysis of whole core samples.   N = 

sample size. 
 



 

26 

 

 

 

Figure 13.  Box and whisker plots that compare matrix texture to porosity A) and 

permeability B).   Data are from the analytical analysis of whole core samples.    

N = sample size. 
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Figure 14. Stacked bar chart of textural proportions by facies A) and facies association 

B).  
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Figure 15.  Box and whisker plots that compare facies A) and facies association B) to 

fracture density.  N = sample size.  % = percent rubble. 

 



 

29 

 

 

Figure 16. Core photographs of Jean Marie Member facies association 3.  Total length of 

the scale bar is 1 cm.   A) METB (facies 3) in well at 200A021H094J01 at 1851m depth. 

1) open fracture and 2) calcite filled fracture;  B) MESB (facies 4) in well 

200D037L094I09 at 967m depth. 1) open fracture and 2) calcite-filled fracture;  C) PSB 

(facies 5) in well 200B086G094I06 at 1490m depth.  1) open fracture and 2) calcite-filled 

fracture. 
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CHAPTER FOUR 

Sequence-Stratigraphic Framework 

 

 

Introduction 

 

 Deposition of Upper Devonian carbonate strata within the WCSB was influenced 

by cyclic changes in climate and tectonics (uplift and/or subsidence).  As a result, the 

associated composite effects of relative and/or absolute changes in sea-level produced a 

nested hierarchy of depositional cycles (i.e., second-order cycles identified by Plint et al. 

1992, third-order cycles identified by Johnson 1985, and fourth-order cycles identified by 

MacNeil 2006).  A cycle's "order" refers to its periodicity within a hierarchy of cyclic 

deposition, which is consistent with terminology outlined by Plint et al. (1992). The Jean 

Marie Member is the product of such a cyclic hierarchy, and deciphering its nature assists 

in the prediction of the spatial and temporal distribution of facies associations, and 

therefore, reservoir bodies.   

 

Cycle Hierarchy  

 

 Devonian strata of the WCSB occur within the Kaskaskia cratonic sequence of 

North America (sensu Sloss, 1963).  In western Canada, the Kaskaskia sequence is a 

prolific hydrocarbon system in which reserves are primarily associated with large, reefal 

stratigraphic traps of Devonian age (Potma et al, 2001).  This continental-scale second-

order sequence is the product of both tectonic and eustatic changes (Pittman, 1978).  

Figure 17 summarizes the second-, third- and fourth-order cyclic hierarchy that has been 

previously documented for the Late Devonian of the WCSB, including the interval of 

study.    
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 Within this cyclic hierarchy, MacNeil (2006) uses the conodont biostratigraphic 

framework of Klapper (1988) to correlate the third-order  "T-R cycles" of Johnson (1985) 

with Late Devonian lithostratigraphic units of western Canada.  From this, MacNeil 

(2006) indicates that the Jean Marie Member belongs within zone 12, and therefore, the 

third-order T-R cycle IId of Johnson (1985) (Figure 17C). Using similar biostratigraphic 

criteria, however, Wendte (2009a) places the Jean Marie Member within zone 13 (Figure 

17C).  From these constraints, Jean Marie Member is likely a fourth-order depositional 

cycle within the longer-period, third-order "T-R cycle IId" (Figure 17 B, C).   

 

Sea-level History 

 

 Devonian sea level within the WCSB was dominated by second-order Kaskaskia 

transgression punctuated by higher-frequency shallowing and deepening events (Johnson 

1985; Hallam 1999) (Figure 17B).  During the second-order transgression, carbonate 

platforms associated with the Woodbend and Beaverhill Groups backstep across western 

Alberta (Potma et al., 2001). In the Late Frasnian, however, deceleration of second-order 

sea-level rise and concurrent third-order cyclicity resulted in progradation of the Jean 

Marie Member (Winterburn Group) and its equivalent the Nisku Formation in Alberta 

(Potma et al., 2001).  

 Within the Jean Marie Member, the presence of recurring meter-scale shallowing-

upward facies successions indicate the occurrence of even higher-frequency depositional 

cycles, i.e., similar in scale and perhaps frequency to the fifth-order cycles of 

Goldhammer et al. (1990).  The shallowing-upward facies successions are bounded by 

marine flooding surfaces, and therefore, are classified as parasequences (Van Wagoner, 

1995).  Within the study area, the Jean Marie Member is composed of five meter-scale, 
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shallowing-upward parasequences (Appendix A).  The following discussion summarizes 

the depositional character and distinguishing features of each parasequence, as well as 

interrelated facies association distributions.  Comparisons will be made between 

parasequences identified in this study and similar cycles identified by Wendte (2009a) in 

his study of the Jean Marie. 

 

Distribution and Stacking Patterns of Parasequences 

 Parasequences 1-5 are progradationally stacked, and are displayed on two 

regional, east-west, dip-oriented stratigraphic cross sections (Appendix A).  Parasequence 

1 is the lowermost portion of the Jean Marie and overlies the Fort Simpson Shale. The 

base of parasequence 1 consists of low-energy, subtidal and occasionally deeper subtidal 

storm and transgressive lag deposits of facies associations 2 and 5.  The parasequence 

commonly shallows upward into reef and reef flank deposits of facies association 3.  

Laterally, parasequence 1 gradually downlaps within the central portion of the study area 

and lacks a discrete reef-framework platform margin. These observations are consistent 

with a low-relief carbonate ramp (e.g., Ahr, 1973).  In a study of the Jean Marie to the 

north, Wendte (2009a) provides the same interpretation within his first parasequence-

scale "T-R cycle" and states that, "the lower stratigraphic interval consists of a thin basal 

skeletal lag deposit and overlying open-marine limestone ramp deposits."  Parasequence 

2 similarly downlaps within the central portion of the study area (to the west of 

parasequence 1), and shallows upward from subtidal (e.g., facies associations 2 and 5) to 

reefal deposits (facies associations 3).  Based upon similar criteria as parasequence 1, 

parasequence 2 is also interpreted as having accumulated during the ramp phase of the 

Jean Marie shelf complex, although thicker deposits and more abrupt downlap along the 
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southern cross section (B-B', of Appendix A) suggest a stratal evolution towards a 

differentiated shelf margin.  Parasequence 2 differs slightly from the succession described 

by Wendte (2009a). Within his intermediate "T-R cycle", possibly equivalent with 

parasequence 2, Wendte documented a symmetrical transgressive and subsequent 

regressive facies succession.   

 Parasequence 3 extends across the study area and thickens to the west, where it 

reaches a maximum thickness of 26 m at the terminal reef margin (northern cross-section 

A-A', of Appendix A).  Parasequence 3 is the first parasequence of the rimmed shelf 

phase of the Jean Marie.  Parasequences 3, 4, and 5 comprise the Jean Marie rimmed 

shelf phase and are all similar in facies distributions and associated stacking trends.  

Within parasequences 3, 4, and 5, reef facies associations 3 and 4 are present only along 

the western platform margin.  Across the corresponding shelf interior, subtidal deposits of 

facies association 2 are identified.  Following the terminal progradation of parasequence 

5, the Jean Marie shelf complex was transgressed and the basinal Upper Redknife Shale 

Member deposited.  
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CHAPTER FIVE 

Regional Controls on Reservoir Quality 

 

 

Introduction 

 

 Facies distributions within parasequences 1-5 control the exploration-scale 

distribution of reservoir bodies.  Reservoir bodies are preferentially associated with 

shallow reef depositional environments (i.e., facies association 3).  Although the spatial 

distribution of reservoir bodies is predictably related to the progradational nature of the 

Jean Marie shelf system, the relative quality of these bodies is related to the spatial 

variability of depositional texture and fracture density.  Strategies of exploration should 

take into account all of these attributes.   

 

Facies Association 

 Figure 18 depicts the distribution of dominant facies association across the study 

area.  Conspicuously, the distribution of facies association 3 (platform top or margin 

buildup) spatially coincides with the distribution of grain-supported matrix textures 

(Figure 19), high fracture density (Figure 20), highest gross interval thickness where 

density porosity (i.e., porosity identified using borehole bulk density logs) exceeds 3% 

(Figure 21), and highest pore volume (Figure 22).  Facies association 3 occurs within 

three north-south trending fairways that were produced in response to westward 

progradation of the carbonate shelf through time.  The fairways located in the central and 

eastern portion of the study area (Figure 18) are likely associated with parasequences 1 

and 2 (Appendix A).  Because parasequences 1 and 2 accumulated as ramp carbonates, 
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wave energy, and associated stromatoporoid reefal buildups, were concentrated within 

shallower-water areas located along the eastern portion of the study area. Succeeding 

 Figure 18. Core observed dominant facies associations within the Jean Marie. The bold 

east-west black lines labeled (A-A') and (B-B') are detailed stratigraphic cross sections 

provided in Appendix A. Pie diagrams for wells with Jean Marie core indicate the percent 

facies association.  

 

progradation of parasequences 3-5 culminate in a rimmed shelf margin and a thick, north- 

 

trending succession of facies association 3 along the western edge of the map area 

(Figure 18).    
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Matrix Texture 

 The distribution of grain-supported rock textures closely coincides with the 

distribution of facies association 3 (compare Figures 18 and 19).  The close relationship 

between matrix texture and facies association is demonstrated within Figure 14.   

 

 Figure 19. Core observed fraction of grain-supported texture within the Jean Marie. The 

number above each core location is the decimal fraction of packstone/grainstone textures.  

Pie diagrams for wells with Jean Marie core indicate the percent facies association. 
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High-energy conditions associated with stromatoporoid reef accumulation winnowed 

away carbonate mud and concentrated coarser-grained sediment within growth 

framework pore space.  

 

Fracture Density 

 The distribution of highly fractured rocks also corresponds with the distribution of 

facies association 3 (compare Figures 18 and 20).  This correlation is likely owing to the 

occurrence of large primary pore networks between rigid, but brittle intergrown 

stromatoporoid growth framework skeletal elements (Figure 5D).  Fracture networks and 

open-growth framework porosity is commonly occluded with coarsely-crystalline, clear 

sparry calcite cement (Figure 5D).  

 

Porosity 

 Gross interval porosity thickness and net pore-volume thickness both coincide 

with facies association, texture and fracture distributions across the study area (compare 

Figures 18, 19, 20, 21 and 22).  Figures 12 and 13 establish the close correlation between 

porosity, facies association and matrix texture.  Facies associations 3 and 4 are 

characterized by grain-dominated matrix textures (Figure 14) and associated interparticle 

porosity.   
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Figure 20. Core observed average fracture density within the Jean Marie. Pie diagrams 

from wells with Jean Marie core indicate the percent facies association. Numbers above 

pie diagrams are fractures per meter, and the notation "(R)" refers to core recovery as 

rubble. 
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Figure 21. Jean Marie gross interval thickness where density porosity exceeds 3%. 
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Figure 22. Jean Marie pore-meter thickness within gas-saturated reservoir intervals as 

indicated by density porosity exceeding neutron porosity on well logs calibrated to a 

"limestone" matrix, i.e., calcite mineralogy.  
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CHAPTER SIX 

Conclusions 

 

 

1. The Jean Marie Member of the Redknife Formation is composed of 17 facies 

deposited within a shallow epeiric sea.  Facies accumulated within intertidal, subtidal, 

and reefal environments, and are grouped in five facies associations on the basis of  

sedimentological attributes and environments of deposition.  

2. Reservoir quality correlates closely with facies association and texture. Porosity and 

permeability increase with increasingly grain-supported textures.  The highest 

porosity and permeability is associated with the most grain-rich examples of facies 

association 3.   

3. The Jean Marie Member is composed of 5 shallowing-upward, progradational 

parasequences that potentially partition the Jean Marie into discrete flow units.  Due 

to a lack of closely-spaced well control, this possibility could not be confirmed. 

4. The Jean Marie evolved from a low-relief carbonate ramp (parasequences 1-2) into a 

high-relief rimmed shelf complex (parasequences 3-5).  

5. Three north-south fairways of high reservoir quality occur within the study area and 

coincide with the following mapped reservoir attributes including: dominant facies 

association 3, dominant grain-supported matrix texture, high fracture density, and 

porosity.  The alignment and distribution of the fairways reflects shelf progradation 

through time.  The eastern and central fairways developed in the early carbonate ramp 

phase of the Jean Marie, and the westernmost fairway within the terminal margin of a 

rimmed shelf.  
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APPENDIX A 

Detailed Stratigraphic Cross Sections 

This file is available in BEARdocs (http://beardocs.baylor.edu)  

under the file name Curtis_Barclay_AppendixA 
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APPENDIX B 

Core Descriptions from UWI starting with 200-A 
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APPENDIX C 

Core Descriptions from UWI starting with 200-B 
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APPENDIX D 

Core Descriptions from UWI starting with 200-C 
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APPENDIX E 

Core Descriptions from UWI starting with 200-D 
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APPENDIX F 

Core Descriptions from UWI starting with 202 
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