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Qil potential of Qingshankou Formation source rocks in northern Songliao Basin
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Abstract: Analysis of the pyrolysis parameters and soluble organic matter content of Qingshankou Formation
source rocks from the Songliao Basin shows that (1) the source rocks show a high shale oil potential, as the free
hydrocarbon content S; is in the range of 0.86-2.9 mg/g, with an average of 1.6 mg/g, and the soluble organic
matter content is between 6.6 and 14 mg/g, with an average of 9.5 mg/g; (2) the free hydrocarbon content S; and
soluble organic matter content of these source rocks are correlated with the total organic matter content, maturity,
and hydrocarbon expulsion. With increasing TOC content and maturity, the oil content displays an overall
increasing trend. Although hydrocarbon expulsion resulted in a clear decrease in the oil content of the source rocks,
it did not alter the overall increasing trend of the oil content with increasing burial depth; (3) if we take the free
hydrocarbon content S| as the lowest oil content of the source rocks and an S; value of 0.79 mg/g as the threshold
of the oil content for appraising shale oil resources in this area, the lower part of members 2 and 3 and the entire
section of member 1 of the Qingshankou Formation have potential for shale oil exploitation.
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Fig.1 Primary tectonic unit division and SK-1 borehole location in Songliao Basin (modified from Li ez al.?*!)
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Table 1  Stratigraphic division and thickness of the south hole of SK-1 [22]
well in Songliao Basin 2012
d (m) S (m) , “
Kon, 968.17~1025.13 56.96 ” s ( )
Kon; 1025.13~1128.17 103.04 R -
Kaya+s 1128.17~1253.47 125.30 TOC
Koy, 1253.47~1286.26 32.79 0.8% 2'5%; Sl 0.8 mg/g
Koqnyis 1286.26~1701.52 412.26 38 mg/g, A ) mg/g 7 mg/g’
Koqn 1701.52~1782.93 81.41
2 2014
Kiqa 1782.93~1878.03 95.10 [21]
S
, “A” 3.5mg/g S
S 0.79 mg/g, ,
16.7%,
22.4% ,
2.2
Si
b
3 3
b
S, , , 47.7%~89.0%,
W, , 61.2%,
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Table 2 Organic carbon content and rock pyrolysis parameters of source rocks in Qingshankou Formation

d TOC
(m) %) 5, (mglg) S (mg/y) In(mglg) (S/TOC) x 100 (mglg) PGI(mg/g) fmn (C) ~ CCO  (4)
SK1 1663.0  Kyqnpsz  3.32 1.62 15.61 471 48.8 519 445 41.1 389
SK2 16759 Koqnyiz 431 1.38 25.60 594 32.0 626 447 25.8 26.4
SK3 16889 Kyqnyiz  3.07 0.93 15.43 503 30.3 533 445 37.1 37.3
SK4 1702.3  Kuqny 2.76 1.13 13.78 499 40.9 540 446 37.6 36.5
SK5 1710.3  Kyqn 2.32 1.23 10.53 455 53.1 507 445 43.1 40.2
SK6 1718.4  Kyqn 1.39 0.86 4.67 336 61.9 398 442 58.0 53.2
SK7 1723.8  Kyqn 3.87 2.26 16.75 433 58.4 491 444 459 422
SK8  1735.6  Kyqn; 3.26 1.34 11.59 355 41.1 397 445 55.6 53.4
SK9  1753.7  Kyqn; 3.14 2.90 13.25 422 92.3 514 439 473 39.5
SK10 17653  Kyqn; 2.49 2.13 10.19 409 85.6 495 439 48.9 41.8
SKI11  1779.3  Kyqn 3.86 1.69 15.63 405 43.8 449 451 49.4 47.2
C = ((Ino — In)/Ino) * 100%, I 800 mg/g; PGI = ((S; + S,)/TOC) x 100, = (PGI, - PGI)/PGI, x 100%, PGI,
850 mg/g
®3 FUOBRBEEARAINRAIERBXSY
Table 3  Soluble organic matter content and related parameters in source rocks of Qingshankou Formation
Ts/
(@ (mg) Wi (mg/g) (mg) (mg)  (mg) (mg) (Ts + Tm)
(%) (%) (%) (%0)
SK1 22.51 210 9.3 149 61 30 17 58.1 23.6 11.7 6.7 0.70
SK2 16.75 184 11.0 100 76 15 19 47.7 36.1 7.2 9.1 0.60
SK3 26.44 267 10.1 113 69 25 19 49.9 30.5 11.2 8.3 0.63
SK4 22.48 171 7.6 150 73 24 23 55.7 27.1 8.9 8.4 0.74
SK5 23.41 193 8.2 161 81 31 31 53.0 26.6 10.1 10.3 0.76
SK6 / / / / / / / / / / / /
SK7 22.48 220 9.8 176 100 45 24 51.0 29.0 13.0 7.0 0.78
SK8 67.59 456 6.7 553 70 76 28 76.1 9.6 10.5 3.8 0.80
SK9 40.22 579 14.4 486 151 24 17 71.7 222 3.5 2.5 0.87
SK10 60.71 686 11.3 584 15 4 53 89.0 2.3 0.7 8.1 0.83
SK11 67.91 451 9.3 380 109 129 15 60.0 17.2 20.4 2.3 0.89
Wa= (mg)/ (®)
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Fig.2  Oil contents of Qingshankou Formation source rocks and their correlations with TOC
(a) S, Wa ;(b)S;  TOC ;(c) Wa  TOC

(a) Correlation between S; and Wa; (b) correlation between S; and TOC content; (c) correlation between W, and TOC content.
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Fig.3 Ts/(Tm + Ts) ratio vs. burial depth and the oil content per unit TOC
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Fig.5 Correlation between hydrocarbon expulsion efficiency and oil content index of S;, W, and hydrocarbon fractions of total soluble extracts
(a) S ; (b) Wa ;(0)

(a) The correlation between hydrocarbon expulsion efficiency and S;; (b) the correlation between hydrocarbon expulsion efficiency and Wa; (c) the
correlation between hydrocarbon expulsion efficiency and hydrocarbon fractions of total extracts.

S, (mg/g) W, (mg/g)
0.0 1.0 2.0 3.0 0 5 10 15 20
l 640 T T T 1640 T T T 1
(a) (b)
1680 1680 |
E E
] L = L
N 1720 ™ 1720
1760 1760
1800 - 1800 “
6
Fig.6  Variation of oil content index in Qingshankou Formation source rocks with burial depth
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