Hypogenic Karst Beneath the Athabasca Oil Sands – Controls on
Aquifers and Aquitards
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This paper presents our current understanding of hypogenic karst beneath the
Athabasca Oil Sands and discusses the risks, uncertainties, mitigations and conflicts
associated with Devonian aquifers in oil sands mining and in-situ operations.
Abstract
The Athabasca Oil Sands are located in northeast Alberta, Canada and contain an estimated
168 billion barrels of recoverable bitumen (Alberta Energy) that are developed through in-situ
and mining operations. The bitumen-bearing reservoirs consist of a stacked sequence of
Cretaceous-aged fluvial sediments that were deposited directly above subcropping middle and
early upper Devonian limestones, dolostones, calcareous shales and evaporties. Regionally,
dissolution of the middle Devonian evaporites was responsible for a dip reversal within the
Devonian that created the Athabasca Anticline (Carrigy, 1959; Norris, 1963). It has been
suggested that this structure was the primary trap for the hydrocarbon accumulation prior to
extensive biodegradation (Ranger, 1994). Locally varying surface karst, combined with
dissolution has resulted in complex structuring of the Devonian unconformity and both overlying
and underlying stratigraphic units. Local collapse within the Devonian as a result of dissolution
has been attributed to the development of sinkholes and release of water to surface from
Devonian aquifers in active oil sands mining operations (Mahood et al, 2012).
The distribution of aquifers and aquitards within the Devonian has important implications for the
ongoing development of the Athabasca Oil Sands. Devonian aquifers provide an opportunity for
in-situ projects, which require both a reliable source of non-potable water for steam generation
and a suitable disposal zone. Conversely, Devonian aquifers pose a significant risk to oil sands
mining operations, where influx of non-potable water into the mine poses safety, environmental
and economic risks to mining operations. Understanding the distribution of aquifers and the
distribution and integrity of aquitards within the Devonian is therefore a fundamental requirement
for successful oil sands operations. The adjacent in-situ and mining operations have almost
opposite business drivers. This paper presents our current understanding of hypogenic karst
beneath the Athabasca Oil Sands and raises some important questions about where the fluids
go.
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