
 

 

 

 

ABSTRACT 

Petrophysical Well Log Attributes of the Late Devonian Duvernay Shale in Alberta, 

Canada 

Julia Massie  

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

 

The Duvernay Shale is an upper Devonian interval of organic-rich laminated, 

dark, bituminous, thermally mature mud rocks and carbonates that are interbedded with 

gray-green calcareous shales. The Duvernay is currently an active unconventional 

exploration target within Alberta, Canada.  

This study compares standard well-log data with observed depositional facies in 

order to identify indicators of organic richness and reservoir quality potential within the 

East Shale Basin. Data from the East Shale Basin is compared to its liquid rich, and 

highly productive counterpart, the West Shale Basin. Data maps were constructed 

through the analysis of more than 400 vertical well-logs through the Duvernay across the 

study area. Five data parameters (interval thickness, gamma radiation, photoelectric 

effect, estimated source rock proportion, and estimated source rock thicknesses) were 

collected and recorded from these logs. The Duvernay is thinnest, and most organic-rich 

within the West Shale Basin, and is characterized by the highest overall gamma radiation 

and photoelectric cross section (PE) values suggestive of a dominantly siliciclastic 

mineralogic composition. Conversely, the East Shale Basin is thicker, has lower organic 

richness, and PE values suggestive of a calcite mineralogic composition. These attributes, 

combined with the broader range of favorable thermal maturity within the West Shale 

Basin, suggest that the greatest hydrocarbon exploration potential occurs within the West 

Shale Basin.  
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CHAPTER ONE 

Introduction 

 

 

Objectives 

 

The purpose of this thesis is to collect and analyze well log data for the Late 

Devonian Duvernay Formation to characterize the petrophysical attributes that identify 

rock attributes associated with unconventional reservoir potential. No public-domain 

petrophysical techniques have been previously developed that characterize the regional 

distribution of Duvernay petrophysical properties. The petrophysical data collected in this 

study is used to compare the Duvernay within the East Shale Basin to the region of 

prolific oil and gas production in the West Shale Basin (Figure 1). Although Duvernay 

thermal maturity is notionally well established within both the West and East Basins 

(AER 2012, 2017), recent production established up-gradient of the presumed oil-mature 

window in the East Basin suggests the understanding of thermal maturity and liquid yield 

is not fully understood (Fig. 2). 

 

Geological Location and Setting 

The Duvernay Formation is Late Devonian (Frasnian) in age (Fig. 3) and 

accumulated across much of southern Alberta, Canada. The Duvernay Formation is the 

principle source rock for the conventional Leduc Formation carbonate reservoirs and 

consists of finely laminated, dark, bituminous carbonates interbedded with gray-green 

calcareous shales (Chow et al., 1995; Stoakes and Creaney, 1985; Wang et al, 2016). The 

Duvernay accumulated within three depocenters, i.e., the North, West, and East Shale  
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Basins that are partitioned by the shallow marine platform carbonates of the 

contemporaneous Leduc Formation (Fig. 3; Fothergill et al., 2014). The Duvernay is 

enriched in organic matter due to both the low sedimentation rates and anoxic basin-floor 

conditions associated with second-order maximum flooding of the Woodbend Group 

(Fothergill et al., 2014). The Duvernay is characterized by total organic carbon (TOC) 

values as high as 20 wt% (Stoakes and Creaney, 1984) and type II kerogen (Chow et al., 

1995). 
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Study Area and Methodology 

The study area encompasses the West and East Shale Basins from approximately 

the Redwater reef complex in the northeast and Southern Leduc Shelf in the southeast, 

and west of Kaybob Field to as far south as Willesden Green Field (Fig. 2). The study 

incorporates mostly post-1980 vertical well bores and logs provided by IHS AccuMap®. 

The well log curves commonly available include gamma ray, density-neutron porosity, 

PE, deep resistivity, sonic resistivity (Fig. 4). Most “modern” vertical well log data 

occurs within the West Basin.  

The study includes semi-quantitative data collected from the Duvernay in 458 

well logs distributed across the study area (Figure 1). Data collected from the Duvernay 

in each well includes the following: 1) the proportion of interval thickness that exceeds a 

baseline-calibrated gamma ray activity median value, 2) the median interval photoelectric 

(PE) value, 3) the total thickness of organic enrichment as determined from the baseline 

separation of density porosity from deep resistivity (sensu DeltaLogR technique of 

Passey 1990). Duvernay stratigraphic top and base were provided as “industry” tops via 

IHS AccuMap and refined through comparison with published stratigraphic tops provided 

in the literature (Passey et al., 2010). Gamma ray median values for each well were 

calibrated to a gamma ray minimum baseline established from the lowest gamma ray 

activity observed within the Nisku Formation, and a gamma ray maximum baseline 

established for the highest gamma ray activity observed within the Ireton Formation. 

Median PE values were categorized as greater than 3.5 barns/electron (calcite-prone), 

between 3-4.5 barns/electron (transitional mineralogy), and less than 3 barns/electron 
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(siliciclastic/quartz-prone). The total thickness of organic enrichment is the summation of 

interval thickness where positive excursions in density-neutron porosity correspond with 

positive excursions of deep resistivity. Univariate and bivariate analytical plots and maps 

of gamma ray, PE, and source rock data were created using TIBCO® Spotfire and refined 

using ACD Canvas™.  
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CHAPTER TWO 

Depositional Facies 

Most models of the Duvernay Formation conclude deposition within anoxic 

basinal, areas located between normal marine Leduc platform carbonates (e.g., Stoakes 

and Creaney, 1984, 1985; Creaney and Passey, 1993). The Duvernay typically consists of 

bituminous black shale deposited in water depths typically greater than 100 m and as 

shallow as 65 m (Stoakes, 1980; Stoakes and Creaney, 1984, 1985).  

Organic-rich laminites of the Duvernay Formation occur in two primary 

stratigraphic intervals within the West Shale Basin. The laminite intervals are separated 

by an organic-lean lime mudstone that thins in a westerly direction due to progradation 

(Figures 5, 6). In the East Shale Basin, the upper organic-rich unit of the Duvernay 

Formation is interbedded with slope deposits of the Leduc and Grosmont platform 

complexes (Stoakes, 1980, 1992; Cutler, 1983; Switzer et al., 1994; Chow et al., 1995) 

(Fig. 7). This relationship indicates coeval deposition of the basinal Duvernay mudrocks 

and shallow marine platform carbonates of the Leduc and Grosmont (Fig.3). 

Stoakes 1980 suggests the deposition of organic-rich Duvernay deposits in a 

stratified water column is characterized by low sedimentation rates and anoxic bottom-

waters at depths greater than 100 m. Farther upslope, these deposits transition into 

“organic-lean dysoxic, bioturbated calcareous shales, and farther shelfward, into oxic, 

argillaceous wackestones” (Stoakes 1980, Stoakes and Creaney 1984 & 1985). The 

primary control of organic matter preservation is bottom-water anoxia that developed in 

basinal water depths as shallow as 40 to 50 m (Chow et al., 1995). Organic richness is 
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reduced in platform proximal basinal to slope locations due to dilution associated with 

sediment shedding from platform areas. In shallower, more oxygenated proximal 

foreslope locations, TOC is low and sediments are more thoroughly bioturbated (Chow et 

al., 1995). 
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CHAPTER THREE 

Results 

 

 

Box and Whisker Plots 

Thermal maturity and gamma ray activity appear to covary within the West Shale 

Basin (Fig. 8). The highest levels of gamma ray activity correspond with the gas and 

condensate maturity regions, whereas the oil and particularly immature regions are 

characterized by conspicuously lower gamma ray activity. Wells located in areas of 

condensate thermal maturity have the highest gamma radiation (typically at 85-99% of 

data above the mean). Wells in areas of gas thermal maturity are similarly high, and are 

characterized by typically 81-100% of observations above the median. Oil-mature wells 

have gamma radiation values that are typically between 70-83% above the mean, whereas 

wells from thermally immature areas are characterized by gamma radiation between 50-

67% above the mean.  

Thermal maturity similarly correlates with log-based estimates of source rock 

proportion. Wells coinciding with condensate and gas maturity have source rock 

proportions that typically vary from 16-40% and wells coinciding with oil maturity from 

15-30%. Wells in thermally immature areas have source rock proportions from 3-9% 

(Fig. 9).  
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Map Distributions 

 

 

Gamma Ray Activity 

The West Shale Basin is more dominated by highly gamma radioactive shales 

than the East Shale Basin (Fig. 10). The dominant range of total Duvernay interval 

proportion where gamma radiation (GR) exceeds the median in the West Shale Basin is 

between 76 and 100%, with lesser numbers of wells between 51 and 75% and few wells 

between the 0 to 50% range. Most wells within the East Shale Basin have “high” gamma 

radiation proportions between 51 and 75% and a smaller number of wells in the 26 to 

50% range. 

Photoelectric Effect (PE) 

The West Shale Basin is dominated by “transitional” mineralogy values between 

3-4.5 barns/electron, except within the Willesden Green area where higher values (PE > 

4.5) indicate more calcite-dominated. “Quartz” dominated values between 1.8 and 3 are 

most common within the north-central portion of the West Shale Basin. The East Shale 

Basin is characterized by a calcite-dominated mineralogy (PE > 4.5) within its southern 

portion, and transitional mineralogies (PE = 3-4.5) within its northern portion (Fig. 11).  

 Gross Interval Thickness 

The total Duvernay thickness within the West Shale Basin varies from 10 and 83 

meters with a few wells ranging from 83 to 115.7 meters (Fig. 12). The Duvernay is 

generally thicker within the East Shale Basin where wells most commonly range in 
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thickness from 50-83 m; however, a smaller number of wells range from 83 to 116 meters 

thick, and within a few wells the Duvernay is only between 10 to 43 meters thick.  

 Source Rock Percentage 

The West Shale Basin contains the highest proportion of source rock observed in 

the Duvernay (Fig. 13). Most West Basin wells contain source rock proportions between 

0-19%; however, many wells have a source rock proportion between 40-59%, and a few 

wells (N=7) have a source rock proportion between 60-77%. The East Shale Basin is 

characterized by an overall lower source rock proportion. Most wells range between 0 to 

19% and only two wells range between 20-39%. 

 Source Rock Thickness 

Source rock thickness is much higher in the West Shale Basin than in the East 

Shale Basin (Fig. 14). Within the West Shale Basin, most wells have source rock 

thickness between 0.5 to 19 meters, with a smaller number of wells having a thickness 

between 19-28 m, and an even smaller number between 28-36 m. Within the East Shale 

Basin, most wells have source rock thickness between .5 to 9 m, with a smaller number 

of wells having thickness between 9.5 to 19 m.  
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CHAPTER FOUR  

 

Discussion 

Organic matter enrichment within the Duvernay Formation occurs within fine 

grained, laminated, generally non-bioturbated, dark colored that accumulated within deep 

water depositional environments. Higher gamma radiation and overall lower PE values 

within the West Shale Basin, compared to the East Shale Basin (Figures 10, 11) is 

consistent with both clay and organic matter enrichment. 

The higher PE values and overall greater thickness and lower measures of organic 

richness within the East Shale Basin suggest higher rates of carbonate deposition (and 

organic matter dilution) from sediment derived from adjacent carbonate platforms 

(Figures 11, 12, 13, 14) The thinner thickness of the Duvernay and comparatively higher 

organic richness within the West Shale Basin suggest lower rates of sediment 

accumulation in areas farther removed from platform carbonate sediment sources 

(Figures 12, 13, 14).  

Overall, the petroleum potential within the West Shale Basin appears to exceed that 

of the East Shale Basin, although this interpretation is hampered by the lack of “modern” 

well logs within the East Shale Basin. As such, the exploration potential of the East Shale 

Basin, as suggested by the results of this study, is inconclusive. 
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CHAPTER FIVE  

Conclusions 

1. The deposition of organic-rich deposits in a stratified water column is characterized by 

low sedimentation rates and anoxic bottom-waters depths. 

2. The West Shale Basin well-log data is consistent with clay and organic matter enrichment 

induced by anoxic basinal bottom-water. 

3. The East Shale Basin well-log data suggests high rates of carbonate deposition and 

organic matter dilution due to carbonate platforms.  

4. The West Shale Basin well-log data suggests low rates of dominantly fine siliciclastic 

sediment deposition and organic matter enrichment. The West Shale Basin spans a 

greater extent of hydrocarbon thermal maturity than the East Shale Basin. 

5. Petroleum production potential is comparatively most favorable within the West Shale 

Basin. 
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