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Mechanism of oil content difference in Mackay River oil sands, Canada
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Abstract As an important unconventional oil and gas resource, oil sands have been paid more and more attention all over the
world. However, oil sands usually have some disadvantages such as strong heterogeneity and large differences in oil content, which
leads to limited development efficiency. Based on the results of core, casting thin section and SEM observations, logging data,
reservoir rock pyrolysis and soluble organic matter gas chromatography—mass spectrometry analysis, the mechanism of the oil con-
tent difference in the Cretaceous Upper McMurray Formation oil sands in the Mackay River area, Athabasca, Canada was studied.
The diagenesis of the Mackay River oil sands is weak and there is no cement. The rock characteristics are mainly determined by
three parameters: grain size, sorting and matrix content. The rock types are divided into extremely fine sandstone, fine sandstone,
greywacke and siltstone. According to logging and core water saturation data, the oil sands reservoir can be evaluated as the gas,
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water, oil and poor oil interval, which are mainly composed of extremely fine sandstone, fine sandstone, greywacke and siltstone,
respectively. The biomarker characteristics show that bitumen derives from the same source kitchen and there is no difference in ma-
turity. Therefore, the main reason for the difference in oil content may be the difference in degradation degree and the amount of oil
charged due to the diversity in reservoir petrological. Fine sandstone has good connectivity and is easy to be affected by degradation
such as washing and oxidation, and usually forms the water interval. The siltstone is dense, and the early oil charging has difficulty
reaching completion and this usually forms the poor interval. The properties of greywacke lie somewhere in between, the degree of

degradation is relatively low and without affecting the early charging of oil, so it usually forms the oil interval.
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Fig. 1 The geographic map and location of oil sands samples in Athabasca, Alberta Basin, Canada'”
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Fig. 2 Stratigraphic distribution of Athabasca (b) and McMurray Formation oil sands in Mackay River area (a).

Note: The colors in the figure represent different sedimentary formations. White is the outcrop of the incised valley formed
by the erosion of the Athabasca River, yellow is the sand that can be regarded as reservoir, and gray is the non-reservoir
shale or sandy shale. The McMurray Formation contains many large-scale muddy sediments, resulting in complex internal

structure of the reservoir.
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Table 1 The meaning of reservoir pyrolysis parameters and conditions of temperature rise program
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Fig.3 Typical photo of oil sands core of the Upper McMurray Formation in the Mackay River area.

Note: (a) Chlorite-bearing sands, 171.60~171.80 m; (b) Bioturbation hummocky-cross-stratrified sands, 171.80~172.00 m;
(c) cross-bedded sand, 173.70~173.90 m; (d) Cross-bedded sand, 197.30~197.50 m; (e) Ripple cross-laminated sands,
191.35~191.55 m; (f) Ripple cross-laminated sands, 195.70~195.90 m; (g) Heterolithic sands, 187.10~187.30 m; (h)

Heterolithic sands, 188.30~188.50 m.
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Fig. 4 Micrograph of the representative oil sands of the Upper McMurray Formation in the Mackay area(a: extremely fine

sandstone; b: fine sandstone; c: wacke; d: siltstone; B: bitumen; Qz: Quartz; M: matrix; RF: rock fragments; FD: feldspar; F:
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Fig. 6 SEM micrograph of the representative oil sands of the Upper McMurray Formation in the Mackay area(a: the overall
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sands of McMurray Formation in MacKay River area
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Fig. 8 Vertical distribution characteristics of pyrolysis components in the oil sands of McMurray Formation in the Mackay

River area
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in the MacKay River area
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Fig. 11 Oil content identification of plates based on oil sand grain size, sorting and matrix content of the Upper McMurray
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