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Abstract 

 

The Lower Cretaceous McMurray oil sands contain inclined heterolithic stratification (IHS), which formed due to lateral and locally vertical 

accretion within channels. Variable interpretations as to the depositional affinity of IHS have been put forth, and these range from fluvial to 

middle estuary. This paper attempts to integrate ichnological and sedimentological data to propose a refined paleogeographic interpretation for 

a local occurrence of the McMurray Formation IHS.  

 

A detailed analysis of five wells from the Kearl area (57.21 N, 111.26 W) of the Athabasca oil sands was conducted. Research concentrated on 

establishing sedimentological and ichnological trends by: 1) core logging 2) facies analysis, and 3) analysis of the individual bed thicknesses, 

bioturbation indices, diversity and diameter of ichnofossils, and their distribution.  

 

Two main facies associations were observed: 1) thickly bedded cross-stratified sandstone; and 2) IHS of variable bed thickness and sand-mud 

ratios. The thickly bedded sandstones are characterized by high-angle, trough cross-stratification and grain size striping. Overall, there is a lack 

of bioturbation, however rare thin mud beds and rip-up clasts can show low bioturbation intensities and an impoverished diversity. The cross-

bedded units are the result of strong currents, and the sedimentary environment was brackish in its nature, which are consistent with the fluvio-

tidal transition.  

 

IHS units are characterized by interbedded sand- and mudstone, where the mud-to-sand ratio, bioturbation intensity, diversity and maximum 

trace diameter increase upwards. We interpret this trend to represent a subtidal channel grading to intertidal zone succession, wherein the 

lowered current energy upwards is associated with a drop in sedimentation rate, and promotes the accumulation of organic rich sediment, 

providing abundant food resources for deposit feeding organisms. Ichnological observations, including overall diminutive, low-diversity suites 

of trace fossils, and abrupt changes in the style and distribution of bioturbation, further indicate that the IHS units represent amalgamated 

geobodies and that sediment deposition occurred during changing salinity levels or within a brackish-water setting. In short, the presence of 

brackish-water trace-fossil assemblages, and evidence of shoaling into an intertidal zone are both strongly associated with sedimentation in 

tidally influenced channels of the inner estuary. 
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Introduction and Study Area
The oil sands of the Lower Cretaceous McMurray Formation contain the largest bitumen reserves 

in the world. The total calculated reserves constitute 1.68 trillion barrels of bitumen in-place [1,2] . 
The oil sands are contained within three main areas: Peace River, Athabasca (Fig. 1) and Cold Lake. 
The largest and most developed deposits are situated within the Athabasca area, which covers more 
than 140 000 km2 [3]. 

Stratigraphy

The study area is located within the Kearl Oil Sands proposed mine area, around 70 km north of 
Fort McMurray (Fig. 1, 2). The ownership is subdivided between Imperial Oil Resources and Exxon-
Mobil Canada Ltd. , which own 70% and 30% of the project, respectively.

Analytical data for the project was collected from five wells situated within the Kearl area (Fig. 2).

Fig. 5. Regional geology of the Athabasca Oil Sands. From Ranger, 1994.
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Fig. 4. Informal threefold stratigrafy of the McMurray Formation [4]. Outdated facies schematics on the 
left : large-scale deep channels. Modern facies interpretation on the right: IHS commonly represent 
smaller-scale and amalgamated channel deposits. Modified after Mossop and Flach (1983), Lettley 
(2004).

Fig. 3. Regional stratigraphy of the Athabasca Oil Sands deposits.   

In the Athabasca Oil Sands region the 
McMurray Formation was deposited 
within the topographic lows along the 
sub-Cretaceous unconformity (Fig. 3). 
The subcropping strata dips to the SW, 
and is represented by resistant Devo-
nian carbonates in the McMurray Subba-
sin (Fig. 3, 5). 

The McMurray Formation is  subdi-
vided into three informal units: lower, 
middle and upper members (Fig. 4).

The lower member constitutes thick 
bedded massive and cross-stratified 
sands of fluvial - brackish origin, capped 
by a floodplain unit.

The middle member contains 
Inclined Heterolitic Stratifica-
tion (IHS) up to 25 meters in 
thickness of varying lithological 
composition and complex lat-
eral relationships. 

The upper member includes 
up to three coarsening-upward 
intervals, representing prograd-

ing shoreface deposits within 
the restricted bay environment.

Fig. 2. Location of the analysed core data, Kearl Oil Sands project, Athabasca Oil Sands, Alberta, Canada.
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Fig. 1. Location of the Athabasca Oil Sands deposits and the Kearl study area  in Alberta, Canada.
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Fig. 19. Belts of amalgamated bars and channels.

Fig  18. Lithologs with SDI and organisms’ behaviour patterns.

The Lower Cretaceous middle McMurray Formation contains IHS deposits formed in a variety of 
estuarine subenvironments.

Four major episodes of sea level change were identified.

The case study shows that transgression during the McMurray deposition time was punctuated 

with periods of regression.

Channels of different sizes and dimensions were identified during the core study.

Correlation of individual channels is obstructed by complexity of the middle McMurray lateral re-

lationships.

Belts of amalgamated bars and channels can be traced along distances of several kilometers.

A thick interval of cross-bedded sandstone was uninterpreted for the depositional environment.   

Primary sedimentary structures and negligible amounts of bioturbation solely by Planolites fail                     
to help in the depositional environment interpretation. Further outcrop studies are needed for a 
more accurate interpretation.

Tidal flat levels can be identified using primary sedimentary structures, lithology, high SDI values 
and multiple organisms’  behaviour patterns.

Tidal flat levels help approximate the stages of sea level rise and paleotidal range at a finer scale.
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 Dr. Jenni Scott, myself and  Dr. Murray Gingras at the McMurray Forma-
tion Amphitheater outcrop near Fort McMurray, AB, Canada. 

Fig. 20. A common trace fossil Cylindrichnus, oxidized, as appeared in 
outcrop studies. Near Fort McMurray, along the Athabasca River. 

Fig. 21. A common trace fossil Cylindrichnus as appeared in 
core studies. Well 13-17-95-8W4, depth 47.89 m and 35.15 m.

Fig. 22. A channel incision with 
sand-dominated IHS deposits. 
Middle McMurray Formation. 
Near Fort McMurray, along the 
Athabasca River.

Fig. 23. IHS with various dips, 
comprising several channel inci-
sion events. Middle McMurray 
Formation. Near Fort McMurray, 
along the Athabasca River.
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