
 
  

 

 

 

 

ABSTRACT 

The Controls on Reservoir Continuity within the Late Mississippian Elkton Member at 
Caroline Field, Central Alberta, Canada.  

 
Kimberley E. Kuijper, M.S. 

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

 
 

 Caroline Field, located in Alberta, Canada, was discovered in 1954 and currently 

has recovered 96% of its 68.3 mmbbl of recoverable oil reserves from the Mississippian 

Elkton Member (recovery factor of approximately 38%). Additional residual oil reserves 

at Caroline may be produced through enhanced recovery if carefully guided by a detailed 

stratigraphic framework.  

This study focuses on two hydrocarbon operational units within Caroline Field; 

Sundre Unit #1 and Sundre Rundle B. Detailed core description was conducted on 49 

wells within the area. Using the core descriptions and core analysis data acquired from 

IHS AccuMap®, statistical methods were utilized to understand reservoir quality within 

the Elkton Member of the Turner Valley Formation. A sequence stratigraphic model was 

constructed to determine reservoir continuity. The mapping of gross pore volume 

calculations and flow unit continuity identifies areas where tertiary recovery methods are 

most likely to be effective.
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CHAPTER ONE 
 

Introduction 
 
 

Research and Objectives 
 

 The Carboniferous of the Western Canada Sedimentary Basin (WCSB) ranks 

third behind the Devonian and Cretaceous in regards to recoverable oil reserves, and 

contains approximately 14% of the proven conventional oil reserves within the WCSB 

(Hay, 1994; Podruski et al., 1988). As of 1994, the Carboniferous was estimated to 

contain 229 billion barrels (364.8x106m3) of recoverable oil reserves (Richards et al., 

1994). Caroline Field, discovered in 1954, is located within a northwest-trending fairway 

of hydrocarbon production from Mississippian-age reservoirs. Caroline Field contains 

numerous pools, and this study focuses on the Rundle A pool of the Elkton Member of 

the Turner Valley Formation across both the Sundre Unit #1 and Sundre Rundle B 

operation management units. The discovery well (Amoco Caroline 1-4-34-5 located at 

00/01-04-034-05W5/0) for the Sundre Unit #1 was drilled and completed by the 

Hudson’s Bay Company in January 1955 (Hemphill, 1957).  

The original oil in place at Rundle A is 178 MBO, and cumulative oil production 

to date accounts for 96% of anticipated recoverable reserves (68 MBO). Without the 

application of tertiary recovery methods, the Rundle A will soon reach the end of its’ 

productive life, and achieve a recovery factor of 38.25%. Combined production for both 

the Sundre Unit #1 and Sundre Rundle B has declined from what was initially an average 

of 3760 barrels of oil equivalent (BOE) per day in the 1960’s to an average of 490 BOE 

per day in 2013.   
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 A small number of publicly accessible studies have discussed the production 

potential of the Elkton Member at Sundre Unit #1 and Sundre Rundle B (Sproule, 1955; 

Hemphill, 1957). Previous studies have emphasized the oil and gas fields of the Turner 

Valley Formation within the region (Beach, 1956; Penner, 1957a; Young, 1967; Rupp, 

1969; Stein, 1977).  However, numerous studies have evaluated the Elkton Member 

depositional environments and their stratigraphic relationships (Penner, 1957b, 1959; 

Thomas and Glaister, 1959, 1960; Walpole and Carozzi, 1961; Proctor and Macauley, 

1968; Richards, 1989; Martindale and Boreen, 1997). This study attempts to understand 

the controls on reservoir heterogeneity within the Elkton Member at Sundre Unit #1 and 

Sundre Rundle B, and from this, recommend those area(s) across the study area that are 

most suitable for the application of enhanced recovery methodologies. To this end, the 

following questions are addressed within the study: (1) What is the facies model for the 

study interval and how do facies relate to reservoir quality? (2) What is the distribution of 

facies within a sequence stratigraphic framework? (3) Which areas across both Sundre 

Unit #1 and Sundre Rundle B are most favorable for enhanced oil recovery? 

 
Geologic Setting 

Lower Carboniferous (Mississippian) sediments of the Western Canada 

Sedimentary Basin (WCSB) in southwestern Alberta occupy approximately 270,000 

square miles and are an average thickness of 1,300 feet (Sproule, 1955).  Sediments were 

deposited within a foreland basin near the convergent western margin of the ancestral 

North American plate (Richards, 1989). During the Carboniferous, the WCSB is 

reconstructed as occurring between 20°S and 20°N latitude (Keppie, 1977), and was 

characterized by humid tropical paleoclimates with high humidity (Ahr, 1973; Frakes, 
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1979). During the Carboniferous, the WCSB was characterized by rapid subsidence and 

correspondingly high sedimentation rates due to tectonic loading (Bokman, 1963).  

Convergent tectonism along the western margin of North America reactivated 

Precambrian basement faults that resulted in four distinctive regional structural provinces 

across the WCSB: Peace River Embayment, Prophet Trough, Cratonic Platform and 

Williston Basin (Figure 1A)(Bokman, 1963; Richards et al., 1994). This study will focus 

on deposits onto the Cratonic Platform.  

There were four episodes of latest Paleozoic and Mesozoic subaerial exposure and 

erosion that influenced the extent of Mississippian strata across the WCSB (Proctor and 

Macauley, 1968). Prior to erosional truncation, Mississippian strata across the study area 

were tilted to the west during the Laramide Orogeny (Martindale and Boreen, 1997). As a 

result of westward dip beneath the compound angular unconformity, Mississippian strata 

are only present to the west of an updip erosional edge that trends northwest across the 

present province of Alberta (Figure 1A).  

The Sundre Unit #1 and Sundre Rundle B units are located in south-central 

Alberta approximately 130 kms northwest of Calgary, Alberta, along the western margin 

on the WCSB (Figure 1B, 2). Hydrocarbon accumulation in these units is due to sub-

unconformity entrapment within the Elkton Member reservoir that is sealed by overlying 

Mesozoic shales (Figure 3) (Hemphill, 1957; Young, 1967; Rupp, 1969). The main 

source rock for the Elkton Member reservoir is the marine (euxinic) Mississippian 

Exshaw Shale (Allan and Creaney, 1991).  
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\  

Figure 1. (A) Mississippian Elkton Member paleogeographic map displaying the erosional edge, dominate sediment types and interpreted environments of 
deposition (modified from Richards, 1989 and Richards et al., 1994). (B) Alberta provincial map highlighting the location of major Mississippian oil and gas 
accumulations in southern Alberta. Highlighted in red are locations of the Sundre Unit #1 and Sundre Rundle B relative to the up-dip edge east of which the 
Elkton is either partially or completely truncated (modified from Young, 1967).
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Figure 2. Basemap for the Sundre Unit #1 and Sundre Rundle B within Caroline Field. A grid of 16 cross-
sections were correlated across the study area. Red-filled circles indicate wells with Elkton core included in 
the study. Blue-filled circles indicate wells with core samples that were described (rather than continuous 
core), and white-filled circles are wells where core is reported to exist, but is currently “missing” at the 
Alberta Energy Regulator Core Research Center. 

 

The Rundle Group was deposited during the latter portion of the Early 

Tournaisian to the Late Viséan as an overall shallowing-upward succession and includes 

numerous, higher-frequency transgressive-regressive depositional cycles (Richards, 1989; 

Richards et al., 1994).  Elkton Member deposits include skeletal marine limestones and 

dolomites that accumulated in both low- and high-energy settings (Thomas and Glaister, 

1959). The Elkton Member overlies the Mississippian Shunda Formation (Figure 3). The 

Shunda Formation is a thick (approximately 150 feet in the subsurface), mixed clastic-

carbonate succession that includes silty dolomite, sandstone, green shales and breccias 

(Penner, 1959) deposited during a time of regression (Richards, 1989).  
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Figure 3. Stratigraphic correlation chart of the Lower Carboniferous (Mississippian), in the Central Plains 
of Alberta (modified from Thomas and Glaister, 1960 and Richards et al., 1994). 

   
 

Data and Methods 
 

 The data required for this study was derived from two primary sources. IHS 

Energy AccuMap® provided access to production and core analysis data as well as well 

logs used for stratigraphic correlation (Figure 4). These data were integrated with core 

from 49 wells that were described at the Alberta Energy Regulator Core Research Lab in 

Calgary, Alberta. An additional 31 wells were combined with the cored wells to form a 

grid of 16 cross sections that were used in stratigraphic correlation and subsequent 

mapping (Figure 2). Both stratigraphic correlation and mapping were completed using 
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both GeoGraphix® and ACD Canvas® computer software. Google Earth™ imagery was 

used to identify modern analogs across the Great Bahama Bank.  

 

 

Figure 4. Type well log for the study interval from the 00/01-10-034-05W5 well. Both the Elkton and 
Shunda stratigraphic tops are annotated.
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CHAPTER TWO 
 

Facies Model 
 
 

 Mississippian deposits of the Western Canada sedimentary basin accumulated 

across a broad carbonate ramp (Macqueen, 1966; Waters and Sando, 1987; Kent, 1984; 

Richards, 1989; Martindale and Boreen, 1997).The Elkton Member has been previously 

interpreted as an open marine deposit, whereas the Shunda as a low energy tidal flat 

deposits (Figure 5) (Macqueen, 1966; Martindale and Boreen, 1997). Figure 5 

demonstrates the idealized “Waltherian” shallowing upward facies succession within an 

ideal parasequence. Ideally, within the Elkton member, facies 1 would occur at the base 

of the parasequence and gradationally transition into facies 2, 3 and at the top of the 

parasequence, facies 4.  

Across the study area four depositional facies are recognized within the Elkton, 

two within the Shunda and two within the undifferentiated Mesozoic strata that overlie 

the regional unconformity (Table 1). The criteria by which facies are recognized include 

grain size, mechanical sedimentary structures, skeletal fragments, carbonate texture, and 

grain composition and type. Photographs representative of each facies are provided in 

Figure 6.
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Figure 5. Idealized depositional model for the Elkton Member and Shunda Formation. AWB (above wave base) and BWB (below wave base) (modified from 
Martindale and Boreen, 1997). 
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Table 1. Facies summary table for the study interval at Sundre Unit #1 and Sundre Rundle B within Caroline Field. 

 

Facies 1 2 3 4 5 6 7 8 

Environment 
Relatively 

deeper 
subtidal 

Shallow subtidal, 
restricted marine 

Open marine, 
shallow 
subtidal 

Shallow 
subtidal to 
intertidal 

Restricted, 
intertidal 

Subaerial 
exposure and 
karstification 

Fluvial? Basinal marine 

Dominant 
Matrix Texture 

Wackestone 
to Packstone Packstone Packstone Packstone to 

Grainstone Mudstone Breccia 
rudstone 

Medium 
siliciclastic 

sandstone with 
10-15% 

granule to 
pebble-size 

clasts 

Mudrock 

Major CO3 
Grains 

Crinoid 
fragments Peloids Crinoids Ooids None Lithoclasts None None 

Minor CO3 
Grains 

Fragments of 
brachiopod, 
bryozoan, 
and rugose 

and tabulate 
corals 

Undifferentiated 
fine skeletal 
fragments 

Fragments of 
brachiopod, 
bryozoan, 
and rugose 
and tabulae 

corals 

Peloids, 
Fragments of 
brachiopod, 
bryozoan, 
and rugose 
and tabulae 

corals 

Rare 
peloids, 

intraclasts 
None None 

Undifferentiated 
skeletal 

fragments 

Sedimentary 
Features Massive Massive 

Massive to 
weak 

horizontal to 
inclined 

stratification 

Massive to 
weak 

horizontal to 
inclined 

stratification 

Millimeter 
lamina, 
rooting, 

mudcracks, 
fenestral 

fabric 

Solution 
channels, 

geopetal fill, 
oxidation 
haloes, 

blackened 
clasts, multi-
stage cements 

Horizontal 
stratification 

Millimeter 
lamina, highly 

fissile 

Formation Elkton Elkton Elkton Elkton Shunda Shunda Mesozoic Mesozoic 
Representative 
Core Photo Figure 6A Figure 6B Figure 6C Figure 6D Figure 6E Figure 6F Figure 6G Figure 6H 
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Figure 6.  Core photographs representative of facies observed within the Elkton Member (A-D), Shunda 
Formation (E-F) and overlying Mesozoic strata (G-H). (A). Facies 1 (deeper subtidal) crinoid/brachiopod 
wackestone. Well 00/01-10-034-05W5 at 8976 ft. (2736 m). (B). Facies 2 (restricted subtidal, shallow 
subtidal) fine peloid packstone in upper portion of the photograph, and facies 4 (ooid grainstone) within the 
lower portion of the photograph. Well 00/11-04-034-05W5 at 9237 ft. (2815 m). (C) Facies 3 (open marine, 
shallow subtidal) crinoid packstone. Well 00/11-04-034-05W5 at 9224 ft. (2811 m). (D) Facies 4 (Shallow 
subtidal to intertidal) ooid grainstone with leached skeletal fragments (moldic porosity). Well 00/01-10-
034-05W5 at 8950 ft. (2728 m). (E) Facies 5 (restricted intertidal) fine laminated interclastic mudstone. 
Fine laminated mudstone at the bottom of photograph grading upward into green shale (exposure surface?) 
at the top. Well 00/16-14-034-05W5 at 8908 ft. (2715 m). (F) Facies 6 (tidal flat) subaerial exposure/karst 
with calcite cemented brecciated lithoclasts. Well 00/01-10-034-05W5 at 9019 ft. (2749 m). (G) Facies 7 
(fluvial?) conglomeratic sandstone with subangular pebble-sized clasts. Well 00/11-04-034-05W5 at 9190 
ft. (2801 m). (H) Facies 8 (basinal marine) black laminated mudstone. Well 00/01-17-034-05W5 at 9110 ft. 
(2777 m).  
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Elkton Member 
 
 

Facies 1: Crinoid/Brachiopod Wackestone 
 
 Facies 1 is a massive, light colored, crinoid and brachiopod mudstone to 

wackestone interpreted to have been deposited in a shallow marine environment below 

wave base (Table 1, Figure 6A). Large solution-enlarged fractures are often filled with 

sediment that includes Mississippian fossils, suggesting that fracture formation occurred 

soon after deposition. 

 
Facies 2: Fine Peloid Packstone 
 
 Facies 2 is a massive, light colored, peloid packstone interpreted to have been 

deposited below wave base (Table 1, Figure 6B). Subordinate grain types include 

fragments of bryozoans and various undifferentiated fauna. Solution channels filled with 

Mississippian age sediment are present. Visible pore types include moldic, interparticle, 

and fracture.  

 
Facies 3: Crinoid Packstone 
 
 Facies 3 is a massive crinoid packstone interpreted to have been deposited within 

wave-agitated shoals, e.g., Murray and Lucia (1967) and Brandley and Krause (1994) 

(Table 1, Figure 6C). Ancillary skeletal contributors include rugose coral and 

undifferentiated fossils (molluscs?). Visible pore types include both interparticle and 

moldic.  
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Facies 4: Ooid Grainstone 
 

Facies 4 is a massive to rarely cross stratified ooid grainstone interpreted to have 

been deposited in a high-energy, nearshore environment, e.g., Martindale and Boreen 

(1997) (Table 1, Figure 6D). Moldic pore types are most common, although interparticle 

and vugular pore types are present as well. Intervals of low porosity are most commonly 

due to calcite cementation.  

 
Shunda Formation 

 
 

Facies 5: Fine Laminated Intraclastic Mudstone 
 
 Facies 5 is a fine laminated intraclastic mudstone (Table 1, Figure 6E). No 

skeletal grains are observed. Mechanical sedimentary structures include millimeter 

lamina and fenestral fabric. Calcite cement and rarely Mississippian-age fossils fill 

fractures that are common throughout the section. The presence of Mississippian-age 

fossils suggests fracture formation soon after deposition. Green shales are common 

throughout the facies, and are oftentimes overprinted by red oxidation staining. The 

association of sedimentary features suggests deposition across a semi-restricted, low-

energy shoreline complex (Martindale and Boreen, 1997). 

 
Facies 6: Subaerial Exposure/Karst 
 

Facies 6 is a brecciated rudstone that is interstratified with facies 5 (Table 1, 

Figure 6F). Sediment fill between breccia clasts includes disseminated Mississippian 

fossil fragments that are similar to those observed within the overlying Elkton Formation. 

This suggests brecciation soon after deposition and possibly contemporaneous with 

Elkton deposition. Interparticle pores between breccia clasts are most commonly filled 
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with calcite cement. Brecciation may be associated with periods of prolonged exposure 

and unconformity development during Shunda deposition, and/or related to the 

dissolution of primary evaporate accumulations (Macqueen and Bamber, 1967; Beales 

and Oldershaw, 1969). 

 
Undifferentiated Mesozoic Strata 

 
 

Facies 7: Conglomeratic Sandstone 
 
 Facies 7 is a conglomeratic sandstone composed of sub-angular, poorly sorted 

quartzose grains and mud clasts (Table 1, Figure 6G). The abundance of rounded 

quartzose grains suggests deposition within a terrestrial (fluvial?) depositional 

environment, although Gibson and Poulton (1994) suggest deposition below wave base as 

a deep water (marine) sediment-gravity deposit (Gibson and Poulton, 1994).  

 
Facies 8: Black Laminated Mudstone 
 
 Facies 8 is a black laminated shale devoid of skeletal fragments, and has been 

previously interpreted by Stronach (1981) and Riediger (2002) as an offshore, anaerobic 

marine deposit (Table 1, Figure 6H).   

 

Reservoir Facies 

 The six depositional facies were grouped into three reservoir facies based upon 

diagnostic well log response (Table 2, Figure 7). The two undifferentiated Mesozoic 

strata depositional facies (7 and 8) were not included in the grouping. 
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Table 2. Reservoir facies and criteria by which they are recognized. 
  

Reservoir Facies A B C 
Depositional Facies 1, 2, 3 4 5, 6 

Gamma Ray Activity Low Slightly greater 
than A Variable 

Relative Porosity Low High Variable 
Lithostratigraphic 

Occurrence Elkton Elkton Shunda 

 

 

 
Figure 7. Comparison of core-observed depositional and log-derived reservoir facies within well 00/01-10-
034-05W5.  
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CHAPTER THREE 
 

Depositional Controls on Reservoir Quality 
 
 

 A stacked bar chart compares facies and the fractional proportion of textural 

categories (i.e., Dunham (1962) textural classes, Figure 8). Facies 3 and 4 have the 

highest abundance of grain-supported textures, whereas, facies 5 and 6 have the lowest.  

A box and whisker plot displays the carbonate texture and the corresponding core 

analysis porosity and permeability data (Figure 9). This plot confirms that both porosity 

and permeability increase with an increase in grain-dominated texture.  

 

 

Figure 8. Stacked bar chart of facies versus fractional carbonate texture. 

 

From this, a conclusion is reached that increasing values of porosity and 

permeability are related to sediment accumulation in the higher-energy environments that 

produced facies 3 and 4. Within this environment, mud that reduces pore size and 

associated permeability is winnowed away. 
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Figure 9. Box and whisker plot of carbonate texture versus porosity and Kmax permeability. 
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CHAPTER FOUR 
 

Diagenetic Controls on Reservoir Quality 
 
 

Dolomitization 
 

 In addition to depositional texture, reservoir quality within the Elkton Member is 

also controlled by diagenesis. Following deposition and lithification, the Elkton Member 

was dolomitized and reservoir quality enhanced. Limestones replaced by greater than 40-

50% dolomite have the highest porosity values across both Sundre Unit #1 and Sundre 

Rundle B (Figure 10).  A similar relationship was also documented in previous studies of 

the stratigraphically correlative Charles Formation at Midale Field, Saskatchewan 

(Murray, 1960; Thomas and Glaister, 1960).  

A stacked bar chart of lithologic proportions versus Elkton facies indicates that 

facies 4 (ooid grainstone) has the highest proportion of dolomite (Figure 11). A box and 

whisker plot of facies versus porosity and permeability sorted by dominant lithology 

demonstrates that all dolomitized facies have higher porosity and permeability than their 

limestone counterpart and that the highest values within the Elkton coincide with 

dolomitized facies 4 (Figure 12). The abundance of dolomite within facies 4 is possibly 

related to its’ grain-supported depositional texture and associated high primary porosity 

and permeability. The preferential dolomitization of similar Mississippian grainstone 

shoal complexes within the Turner Valley Formation at Quirk Creek, Alberta, has been 

previously documented by Al Aasm (1997), and attributed to meteoric diagenesis during 

shallow burial (Al Aasm and Lu, 1994). 
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Figure 10. Box and whisker plots of dolomite percentage versus permeability (upper plot) and porosity 
(lower plot) within the Elkton Member. Limestones replaced by greater than 40-50% porosity have the 
highest values of porosity and permeability. 

 

Dolomitization of facies 4 may be the result of preferential flow through the high 

permeability grainstones associated with this facies. Facies 5 and 6, within the Shunda, 

are also dolomitized yet have mud-supported texture. The occurrence of dolomitized 

“Shunda” lithoclasts within the basal portion of the overlying Elkton Member, e.g., well 

00/09-22-033-05W5 in Appendix A, indicates Shunda dolomitization prior to Elkton 

deposition. Shunda dolomitization has been suggested to be associated with anhydrite 

precipitation across intertidal (sabkha) flats and seepage reflux of Mg-enriched surface 
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water brines and subsequent dolomitization of underlying strata (Mundy et al, 1992; 

Martindale and Boreen, 1997). 

 

 

Figure 11. Stacked bar chart of depositional facies versus lithology. 

   

 

Figure 12. Box and whisker plots of depositional facies versus porosity (upper) and Kmax permeability 
(lower). 
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Reservoir Facies 

 Box and whisker plots were also generated to compare porosity and Kmax 

permeability between reservoir facies (Figure 13). Reservoir facies B has the highest 

values of porosity and permeability, in as much as it is composed solely of facies 4.  

 

 

Figure 13. Box and whisker plots of reservoir facies versus porosity and Kmax permeability. 



 

22 
 

 Fracture Density 

 Fracture formation with the Elkton Member may have resulted from early 

mechanical compaction and basin tilting and/or later faulting occurring in the Late 

Cretaceous (Mundy et al., 1992; Al-Aasm and Lu, 1994).  A stacked bar chart of fracture 

frequency versus depositional facies was generated to determine what (if any) 

relationship exists between the two (Figure 14). Fractures were documented during core 

description as their average number per foot. Overall, the Shunda Formation (facies 5 and 

6) has higher fracture frequency than the Elkton Member (depositional facies 1 through 

4). Within the Elkton Member, facies 4 has the highest occurrence of rubble core 

recovery, but otherwise, has the lowest fracture density. Fractures may have served as 

preferred pathways for hydrocarbon flow through the Elkton reservoir. 

 
 

 
 

Figure 14. Stacked bar chart of facies versus fracture frequency. 
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CHAPTER FIVE 
 

Sequence Stratigraphic Framework 
 

 A detailed stratigraphic framework consisting of a grid of 16 cross sections was 

constructed for the Sundre Unit #1 and Sundre Rundle B (Figure 2). Several stratigraphic 

datums were used to construct the cross sections. The primary datums were diagnostic 

shale markers above the Elkton within the overlying Jurassic Fernie Group (i.e., 

Pokership Shale and Rock Creek Member) (see Appendix B, Cross section B-B’). When 

the Fernie marker beds were inconspicuous or absent, the underlying top Shunda 

Formation was used (see Appendix B, Cross section 7). Cross sections are available for 

review as PDF files within the accompanying DVD (Appendix B). 

 

Hierarchy of Reservoir Portioning 
 

Within the study area, the Elkton Member consists of a two- tier hierarchy of 

depositional cycles (Figure 15, Appendix B). Parasequences, ranging from 1 to several 

meters thick, are progradationally stacked within two parasequence sets (sequence 

stratigraphic terminology from Van Wagoner et al., 1988). The older parasequence set is 

called the Elkton Lower Parasequence Set, ELPS, and the younger parasequence set is 

called the Elkton Upper Parasequence Set, EUPS. The ELPS varies from 15 to 20 ft. (5 to 

6 m) in thickness, whereas the EUPS is typically 50 to 70 ft. (15 to 22 m).  The EUPS 

contains more parasequences and is therefore more highly stratified than the ELPS. The 

EUPS is composed of three to seven parasequences, and the ELPS most commonly has 

either one to two (rarely three). 
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Figure 15. Gamma ray (GR), neutron-density (NPHI, DPHI), photoelectric (PE) and caliper (C2) logs from 
well 00/01-10-034-05W5 annotated with both the stratigraphic location of parasequences (black arrows) 
and both the Elkton Lower Parasequence Set (ELPS) and Elkton Upper Parasequence Set (ELPS),  

 

Top Mississippian Unconformity 

 The majority of Mississippian oil and gas fields within Alberta occur beneath a 

major post-Mississippian unconformity (Figure 16; Bokman, 1963). 
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Figure 16. Diagrammatic cross-section of sub-unconformity Mississippian hydrocarbon accumulations across southern Alberta. Green-shaded area highlights the 
Elkton Member. Hydrocarbon accumulations are shown in stippled pattern beneath paleotopographic highs. The line of section is shown in red on the inset map 
of Alberta. Modified from Proctor and Macauley, 1968.  
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CHAPTER SIX 
 

Geologic Assessment for Enhanced Oil Recovery Potential 
 
 

Current and Past Oil-Water Contact 
 

 To determine the location of the past and present oil-water contact, a plot of log-

derived oil-water contact versus rig release date was constructed (Figures 17 and 18). 

Prior to 1975 the average oil-water contact was -1679 m (-5507 ft.) and thereafter the 

average is -1661 m (-5450 ft.). Similarly, a scatter plot of initial and current water-oil 

ratio indicates that both the past and present lowest ratio (and highest oil saturation) 

occurs above approximately -1655 m (-5430 ft.) (Figure 19). From these analyses, the 

current oil-saturated reservoir is estimated to likely occur above -1655 to -1661 m (-5430 

to -5450 ft.). 

 
Location of Oil Saturated Reservoir 

 
 A top Elkton structure map annotated with likely scenarios of fluid type (per 

Figure 18) highlights areas speculated to have oil- or water-dominated reservoir 

saturation (Figure 19). Mixed water and oil are anticipated to occur within the Elkton at 

Sundre Unit #1, whereas oil is thought to be more likely at Sundre Rundle B. Currently 

produced fluid proportions are similar to the trends predicted on Figure 20. Figure 21 

compares the top Elkton structure to current produced fluid proportions.  
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Figure 17. Well log from 00/03-11-034-05W5 (KB: 1063.7 m) annotated with the top of the Elkton 
Member and the oil-water contact at the time the well was logged.  
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Figure 18. Box and whisker plot of log-derived oil-water contact (subsea) versus rig release date. The blue 
dashed line (-1679 m (-5510 ft.)) denotes the depth beneath which water production is most likely and the 
green line (-1661m (-5450 ft.)) denotes the depth above which oil production is most likely. The depth 
between the blue and green dashed lines is likely characterized by mixed water and oil production. 

 

 
Figure 19. Scatter plot of top perforation subsea elevation versus daily produced water-oil ratio. At -1655 m 
(-5430 ft.), the green dashed line approximates the transition from water-prone (below) to oil-prone (above) 
production. 
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Figure 20. Top Elkton structure and predicted reservoir fluid type (compare with Figures 18 and 19). 
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Figure 21. Top Elkton structure map and dominant currently produced fluid type (compare with Figure 20). 
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Geological Controls on Production Trends 
 
 

Historical and Daily Oil Production 
 
 Maps of Elkton cumulative and average daily lifetime oil production within 

Sundre Unit #1 and Sundre Rundle B indicate that most historic and the highest average 

lifetime production has been from the Sundre Unit #1 (Figures 22 and 23). As of October 

2013, the Sundre Unit #1 had produced approximately 41.4 MBOE and the Sundre 

Rundle B, 5.6 MBOE. The majority of wells within both units produce less than 50 BOE 

per day and only a few produce higher than 100 BOE per day.  

 

Permeability 
 
 Total Elkton median Kmax permeability derived from core analysis data was 

mapped to locate the areas of highest reservoir permeability across the study area (Figure 

24). The highest permeability occurs along the western portion of Sundre Unit #1, and 

approximately coincides with the area of highest fluid production (compare Figures 22 

and 23). The area of highest permeability occurs structurally above the original oil-water 

contact of -5507ft. (1679 m) presented in Figure 18.  

  

Isopach Thickness 

 The thickest portion of the gross reservoir interval trends northwest across Sundre 

Unit #1 (Figure 25). The EUPS markedly thins across the northern portion of the study 

area due to truncation beneath the regional unconformity. A prominent northwest –

trending incisement (EUPS thin) occurs within the central portion of Sundre Rundle B 

(Figure 25; Appendix B, Cross Section 6). 



 

32 
 

Fracture Density 

 Elkton average fracture frequency collected during core description is mapped as 

the deviation from the field-wide average value of 1.3 per foot (Figure 26). Across 

Sundre Unit #1, fracture frequency is generally above the field wide average, whereas 

fracture frequency is below the field-wide average across Sundre Rundle B (Figure 26).  

High fracture frequency may cause pressure communication and fluid cross-flow between 

stratified reservoir flow compartments. Areas of high fracture density may impede 

enhanced recovery efforts.  

 

Pore Volume and Reservoir Continuity 
 

 Gross pore volume was calculated on a well by well basis using the uncorrected 

neutron porosity log (see explanation below). The reservoir interval is compartmentalized 

within meter-scale parasequences across the study area (Appendix B, Cross Sections A-

A’ and B-B’). The degree to which reservoir quality and compartmentalization vary 

across the study area is depicted through the calculation and mapping of average phi-

h/parasequence and continuity index for the ELPS and the EUPS (see explanation below, 

Figure 27).   

Gross phi-h = (gross pay) × (avg. phi), where: 

Gross pay = interval thickness greater than 3% neutron porosity. 
Average Porosity = average neutron porosity across interval greater than 3% porosity. 
 

	 	 	 	

#
, where: 

Gross phi-h = gross pay x average-phi greater than 3% neutron porosity. 
#Parasequences = number of parasequences observed within either the ELPS or EUPS. 
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	 	 .		 /

	
, where: 

Avg.phi-h/parasequence = average pore volume per parasequence for the ELPS and/or 
EUPS. 
Gross phi-h = total gross pore volume observed within the ELPS and/or EUPS. 
 
 
 

 
Figure 22. Elkton cumulative oil production. 
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Figure 23. Elkton average daily lifetime oil production. 
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Figure 24. Total Elkton median Kmax permeability. 
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Figure 25. Elkton upper parasequence set (EUPS) gross interval thickness map. 
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Figure 26. Total Elkton average fracture frequency map presented as the deviation from the field-wide 
average value of 1.3 fractures/foot. 
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Figure 27. Well log for the 00/01-10-034-05W5 annotated with the top Shunda, ELPS and EUPS. 
Parasequences are indicated by arrows. Gross pay intervals are highlighted green. Yellow dashed line 
indicates 3% neutron porosity.   
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Elkton Upper Parasequence Set (EUPS) 

 The thickest gross pore volume within the EUPS occurs along a northwest trend 

across Sundre Unit #1, and within the north and southeastern portions of Sundre Rundle 

B (Figure 28). Areas of maximum gross pore volume in both units coincide with the 

highest Kmax permeability and oil production (compare Figures 22, 23, 24 and 28). 

Gross pore volume is distributed between the 1 to 8 parasequences that occur within the 

EUPS, and the average pore volume per parasequence is provided in Figure 29. The 

degree of reservoir compartmentalization within the EUPS is depicted on a continuity 

index map (Figure 30). Note that some areas of high gross pore volume have a low 

continuity index, i.e., the associated interval contains high pore volume; however, the 

pore volume is distributed between several parasequences (compare Figures 28 and 30). 

 

Elkton Lower Parasequence Set (ELPS) 

 The thickest gross pore volume within the ELPS occurs along a northwest trend 

across Sundre Unit #1, and within the northern portions of Sundre Rundle B (Figure 31). 

Areas of maximum gross pore volume in both units coincide with the highest Kmax 

permeability and oil production (compare Figures 22, 23, 24, and 31). Gross pore volume 

is distributed between 1 and 2 (rarely 3) parasequences that occur within the ELPS, and 

the average pore volume per parasequence is presented in Figure 32.  The degree of 

reservoir compartmentalization within the ELPS is depicted on a continuity index map 

(Figure 33).  
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Figure 28. Upper Elkton parasequence set (EUPS) gross pore volume map. 
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Figure 29. Upper Elkton parasequence set (EUPS) average gross pore volume per parasequence. 
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Figure 30. Upper Elkton parasequence set (EUPS) gross pore volume continuity index 
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Figure 31. Lower Elkton parasequence set (ELPS) gross pore volume map. 
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Figure 32. Lower Elkton parasequence set (ELPS) average gross pore volume per parasequence. 
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Figure 33. Lower Elkton parasequence set (ELPS) gross pore volume continuity index. 
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Lateral Continuity 

 The Elkton reservoir interval is highly stratified due to intercalations of relatively 

deeper water (low porosity and permeability) and shallower water (high porosity and 

permeability) facies as parasequences (Figure 7, cross section A-A’ within Appendix B). 

Future strategies of enhanced oil recovery must account for parasequence-scale flow 

paths and superimposed fractures. To evaluate the characteristic lateral continuity within 

parasequences, porous intervals greater than 3% porosity (depositional facies 4, reservoir 

facies B) were correlated within the cross section grid (Figure 2, cross sections within 

Appendix B). The porous intervals were only deemed continuous between wellbores 

when they could be correlated with near certainty (i.e., qualitatively at the 90% 

confidence level or greater). The distance across which each porous body could be 

confidently correlated was measured, and the results tabulated and plotted as a histogram 

that compares the fraction of total observations versus porous body continuity for the 

ELPS and EUPS (Figure 34).  Porous bodies are slightly more continuous within the 

LPS; however, both the LPS and UPS are dominated by porous bodies that extend for 

less than 0.5 miles (Figure 34).  

These distances are comparable to the lateral extent of modern dune forms 

associated with an ooid shoal complex that currently exists atop the Great Bahama Bank 

west of Eleuthera Island (Figure 35). Individual dunes within this Modern shoal complex 

most often extend across a distance of 0.25 to 0.5 miles. The continuity of porous bodies 

within the ELPS and EUPS is consistent with the natural variability observed within the 

Bahamian analog, and suggests that enhanced recovery schemes within the Elkton will be 
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most efficient when injector-producer well pairs are placed at or below 20- to 80-acre 

spacing.  

 
 

 
Figure 34. Fractional histogram of lateral continuity in miles versus parasequence set. 
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Figure 35. Google Earth™ satellite imagery of a bank-top ooid shoal complex located west of Eleuthera 
Island, Bahamas. Dune lateral continuity varies from 0.25 to 0.5 miles.  
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CHAPTER SEVEN 
 

Applied Recommendations 
 
 

 Table 3 summarizes the disposition (i.e., favorable or unfavorable) of the 

previously discussed ELPS and EUPS geological attributes as relates to whether each is 

conducive (or not) to application of an enhanced oil recovery scheme. On Table 3, a 

favorable disposition is highlighted green, and unfavorable, yellow. The subjective 

guidelines by which the disposition of each attribute is assigned is summarized as 

follows: 

Structural Position: favorable = structural elevations above -5450 ft. (-1679 m) (higher 

likelihood of oil-saturated reservoir), and unfavorable = structural elevations below -5510 

ft. (-1661 m) (lower likelihood of oil-saturated reservoir).  

Isopach Thickness: favorable = thickest parasequence set, and unfavorable = thinnest 

parasequence set.  

Post-Mississippian truncation: favorable = little or no reservoir thickness lost due to 

truncation; unfavorable = reservoir thickness lost due to truncation.  

Highest Kmax: favorable = highest values of permeability within each parasequence set, 

and unfavorable = lowest values of permeability within each parasequence set. 

Fewest Fractures: favorable = areas of lowest fracture density, and unfavorable = areas 

of highest fracture density. 

Flow Continuity: favorable = highest flow unit continuity within each parasequence set, 

and unfavorable = lowest flow unit continuity within each parasequence set.  
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Pore Volume: favorable = highest pore volume for each parasequence set, and 

unfavorable = lowest pore volume for each parasequence set. 

 The ELPS at Sundre Unit #1 contains the highest number of favorable attributes, 

and as such, appears to be the best candidate for enhanced oil recovery. The EUPS at 

Sundre Rundle B contains the fewest number of favorable attributes and is accordingly 

thought to be least suited for enhanced oil recovery. 

 

Table 3. Geologic attribute disposition (favorable = green, unfavorable = yellow) and the assessment of 
enhanced oil recovery potential within the Elkton Member ELPS and EUPS at Sundre Unit #1 and Sundre 

Rundle B. 
 

Assessment Attribute 
Sundre Unit 

#1 
Sundre Rundle 

B 
ELPS EUPS ELPS EUPS 

Favorable structural position and hydrocarbon 
saturation 

    

Maximum isopach thickness     

Little or no reservoir lost due to erosional truncation     

Kmax permeability     

Fewer Fractures (<inj. cycling)     

Highest flow unit continuity     

Greatest pore volume     
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CHAPTER EIGHT 
 

Conclusions 
 

1. Sundre Unit #1 and Sundre Rundle B are composed of eight depositional facies. 

Four facies are within the Elkton Member, and were deposited across a shallow, 

open marine carbonate shelf (e.g. Macqueen, 1966; Waters and Sando, 1987; 

Kent, 1984; Richards, 1989; Martindale and Boreen, 1997). Two facies are within 

the Shunda Formation, and were deposited in a peritidal environment (e.g. 

Macqueen, 1966 and Martindale and Boreen, 1997). Two facies were observed 

within the overlying Mesozoic strata, and may have accumulated within both deep 

marine and continental environments. 

2. Reservoir quality is influenced by both depositional environment and diagenesis. 

The highest reservoir quality is associated with dolomitized ooid grainstones 

within the Elkton Member (depositional facies 4, reservoir facies B).  

3. The Elkton Member at Sundre Unit #1 and Sundre Rundle B is partitioned within 

a two-tier hierarchy of parasequences and parasequence sets. Two parasequence 

sets are recognized as the Elkton Lower Parasequence Set (ELPS) and Elkton 

Upper Parasequence Set (EUPS). The ELPS includes 1-2 parasequences, and the 

EUPS 3-7 parasequences. Reservoir-prone ooid grainstones (reservoir 

compartments) are concentrated within the upper portion of individual 

parasequences, and most commonly extend laterally no more than 0.25 to 0.5 

miles. The oil-water contact is most likely located between -5430 ft. to -5450 ft. (-
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1655 to 1661 m). The Sundre Rundle B is located up structural dip from the 

Sundre Unit #1 and is more likely to have oil-prone production.   

4. Fluid production within the study area is influenced by permeability, isopach 

thickness variations, fracture density, structural position and production trends. 

Fluid production is the greatest alongside the western portion of Sundre Unit #1 

due to high permeability values ( > than 50 md), high density of fractures, and 

thickest gross pore volume. Sundre Unit # 1 currently produces more water than 

hydrocarbons.   

5. Enhanced oil recovery may be successful in the study area. The ELPS of Sundre 

Unit #1 is the best candidate for enhanced oil recovery due to it containing the 

most lateral and vertically continuous sand shoal complexes within both the 

EUPS and ELPS. The ELPS does, however, contain a high fracture density which 

could increase the possibility of injector fluid cycling. EOR is recommended to be 

implemented at or below 40 to 80 acre well spacing. 
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Core Description Forms 
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Township 33 Range 5 
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Township 34 Range 5 
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