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A map showing the location of the oil sands and well in the Alberta Basin (after reference [20])
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Fig.2 A comprehensive stratigraphic column map

of the McMurray Formation
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Table 1 Oil group composition of the oil sands of
the Cretaceous McMurray Formation in the Mackay

River region

Zi I/ “NW; Rk e k% WitER%
1 172.26 3.03 20.03 22.09 21.60 36.28
2 173.06 1.65 22.73 22.65 22.83 31.79
3 173.56 2.40 18.67 19.96 21.32 40.05
4 174.06 391 20.61 21.92 20.20 37.27
5 174.74 5.29 21.26 20.09 19.21 39.44
6 175.54 12.15 22.92 31.32 18.64 27.12
7 176.57 9.59 19.98 27.17 23.09 29.77
8 176.67 12.43 27.43 28.11 21.22 23.24
9 176.84 14.93 24.47 30.64 18.17 26.71
10 177.44 14.64 23.06 28.81 21.92 26.20
11 178.74 11.24 23.27 28.83 23.74 24.16
12 179.14 12.54 22.35 25.94 24.35 27.36
13 179.86 13.26 21.26 26.83 22.29 29.62
14 181.36 14.17 19.71 27.35 2147 3147
15 181.86 13.50 19.20 28.38 22.25 30.17
16 182.01 14.37 20.18 26.63 24.42 28.78
17 182.31 12.91 20.66 25.34 24.34 29.66
18 183.27 12.63 20.52 26.83 23.87 28.78
19 184.21 14.24 19.43 28.01 23.09 29.47
20 184.51 12.47 18.00 22.63 27.48 31.89
21 184.85 7.29 17.64 25.74 28.92 27.70
22 187.27 9.36 19.34 21.01 26.12 33.53
23 188.43 6.26 19.81 20.04 28.16 31.99
24 189.47 12.39 19.50 25.60 26.22 28.68
25 192.30 6.12 22.51 20.88 24.69 31.94
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Fig.4 Mass chromatograms (m/z 191, 177) showing the occurrence of hopanes in the oil sands of the McMurray Formation
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Table 2 Molecular geochemical parameters of the oil sands of the McMurray Formation

FERYS REE/m Ca Catt o ChonIT% €, TT%  C,TT% Cau Ca Ca MPI  MDR  R% R%
fif bt fif e fif bt i i ) TAS TAS TAS ‘
1 17226 4395 3523 2082 1679 2066 6254 1787 3478 4734 041 0.74 055 055
2 173.06 5321 1376 3303 1655 2137 6208 1842 3442 47.16 048 0.84 062 055
3 173.56 5006 1522 3471 15.99 2071 6330  17.65 3502 4734 037 1.02 062 056
4 17406 5245 1663 3092  16.61 2083 6256 1898 3441 46.61 0.45 0.81 062 056
5 17474 4884 1882 3234  17.50 2103 6146 1825 3471 4704 054 0.94 062 056
6 17554 4412 2575 3012 1697 2177 6126 1796 3501 4703 0.6l 1.01 0.64 056
7 17657 4373 2481 3146 16.12 2167 6221 1767 3567 4666 047 0.99 0.64 056
8 176.67 3862 3633 25.05 16.91 2190 61.19 18.11 3526 4663 0.54 1.08 065  0.57
9 176.84  37.05 3425 2870  17.28 2189 60.83 1824 3538 4638 048 0.81 066  0.57
10 17744 4955 1779 3266 1678 2171 6151 18.60 3497 4643 045 1.00 067 057
11 17874 4783 2032 3184 1665 2158 6177 1865 3502 4633 04l 1.35 067  0.58
12 179.14 4538 2237 32.25 15.89 2161 6250 1776 3570 4654 025 1.06 0.68 0.8
13 179.86 4806 2167 3027 1671 2170 6159 1845 3533 4622 0.60 1.25 069 0.8
14 18136 4820 2100 3080 1691 2148 61.61 1837 3547 4616 054 0.95 069 0.8
15 181.86 4828 1881 3292  17.36 2154 6109 1861 3549 4590  0.54 0.67 069  0.58
16 182.01 5506 1899 2595  17.50 2175 60.75 1833 3577 4590 058 0.66 072 0.58
17 182.31 53.08 1538 3154 17.56 2176 60.67 1873 3533 4594 055 1.24 072 059
18 18327 48.95 1719 3387  17.88 2159 6053 1859 3563 4578 0.6 133 072 059
19 184.21 5075 1851 3074  16.55 2182 61.63 1959 3452 4590 048 1.59 073 059
20 184.51 46.81 1757 3562 1643 2124 6232 1910 3531 4559 037 1.13 073 059
21 18485 4857 2022 3120 1602 2034 63.64  19.63 3444 4593 040 0.54 074  0.60
2 18727  49.01 1892 3206  19.65 21.86 5848 1880 3541 4579 043 0.66 075 0.60
23 18843 4662 3032 2307 1857 2239 5904 1878 3571 45.51 037 0.52 075 0.6l
24 189.47 5542 1864 2593 16.24 2160 6216 1972 3475 4553 037 1.13 076 0.6l
25 19230 60.17 1338 2645  18.14 2190 5996 1953 3564 4482 058 0.66 077 063

7E : MPI=1.5 (3-MP+2-MP )/ (P+9-MP+1-MP ) "' ; MDR=4-MDBT/1-MDBT"; R (% )=0.60*MPI-1+0.40°"; R (% )=0.073MDR+0.51""',
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Fig.8 The percentages of C,,TAS, C,, TAS, and C,, TAS (a)and C,,,,TT, C,/TT, and C,,TT (b)

in the oil sands of the McMurray Formation
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The Origin and Source of the McMurray Oil Sands in Alberta Basin
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Abstract: [Objective ] The oil sands of the Cretaceous McMurray Formation in the Athabasca region of the Alberta
Basin, Canada, are abundant, but the origin and source of the bitumen in the McMurray Formation oil sands remain
controversial. [ Methods] A total of 25 oil sand samples from the Cretaceous McMurray Formation in the Mackay
River area of Athabasca were analyzed through soluble organic matter extraction, group component separation, satu-
rated hydrocarbon gas chromatography, and saturated and aromatic hydrocarbon chromatographic mass spectrometry.
Based on the analysis results of group components and biomarker parameters, the maturity, organic matter deposi-
tional environment, and biological origin of the bitumen from the oil sands in the Mackay River area were identified.
[Results ] The n-alkanes and acyclic isoprenoids in the samples are below the detection limit, while hopanes and
steranes have suffered partial degradation. In contrast, tricyclic terpanes and triaromatic steroids remain relatively
intact, exhibiting characteristic features of C,; tricyclic terpane dominance, C,, regular sterane dominance, and C,
triaromatic steroid dominance, indicating that the samples belong to the same group. The hydrocarbon source material
is primarily derived from lower aquatic organisms and algae, with a depositional environment of marine facies. The
equivalent vitrinite reflectance of the bitumen from the McMurray Formation oil sands ranges from 0.55% to 0.77%,
with slight vertical variation in maturity, indicating a low maturity stage. [ Conclusions ] The oil sands of the McMur-
ray Formation are the result of severe biodegradation, with a biodegradation level approximately at PM 7. Based on a
comparative analysis of the biomarker composition characteristics of source rocks in the study area, it is inferred that
the bitumen in the McMurray Formation oil sands may have been supplied by multiple sets of source rocks.

Key words: oil sands; Athabasca; Lower Cretaceous; McMurray Formation ; biodegradation



