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Abstract: As shale oil is mainly stored in the matrix pores of shale, the study of shale pore structure is very
important to the understanding of shale oil occurrence. In this paper, general organic geochemical, low
temperature N, isothermal adsorption, and mercury intrusion analyses were performed on shale core samples of
the Qingshankou Formation in the Songliao Basin to study their pore structure and influence on shale oil
enrichment. The pore measurement results show that the Hg porosity of these shales range from 3% to 8%, with an
average pore throat diameter between 6.7 nm and 13.5 nm; the pore volume of N, adsorption calculated by the
BJH (Barrett-Joyner-Halenda) model is between 0.016 cm®/g and 0.037 cm’/g, with a BET (Brunauer-Emmett-
Teller) specific surface area between 2.7 m?*/g and 14.4 m%/g. There is a positive correlation between quartz
content and macropore volume, which may be associated with intergranular pores between the quartz grains. The
pore volume shows a good negative correlation with carbonate mineral content, indicating that carbonate minerals

can destroy the primary pores through cement formation. There is an obvious negative correlation between free
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hydrocarbon content and specific surface area, due to the bitumen infilling of small pores. The oil saturation index

(OSI) shows a good positive correlation with Hg porosity for these shales, indicating that Hg porosity is an

important factor controlling oil content in shales. OSI increases with the increase of macropore volume, suggesting

that the free oil is mainly stored in larger pores. Finally, we concluded that the shales near the base of the

Qingshankou Formation in the area of Yx58 well, which shows high Hg porosity and macropore volume, contain

high oil content and are the primary targets for shale oil exploration in the Songliao Basin.

Key words: pore structure; N, adsorption; mercury intrusion; oil content; Qingshankou Formation shale; Songliao
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Table 1 General geochemical parameters of shale samples from the Qingshankou Formation in the Songliao Basin
- HAAR SR XRD 4%
Woe g WE R TOC — — -
- Tm %) (%) Si S, fax I los MY KA R KB BLTw
(mg/g)  (mg/g) (C) (mg/g) (mglg) (%) (%) (%) (%) (%)
Sk-11  M206 1753 0.82 3.03 2.77 14.12 441 453 89 20.1 259 0.0 1.7 52.4
Z42-3 742 1968 0.89 2.75 1.02 15.58 444 479 31 144 209 9.0 0.0 55.7
X83-6  X83 2076 1.06 2.68 0.83 10.02 443 354 29 215 299 5.7 1.7 412
Qp-1 Qpl 2094 098 231 1.83 7.96 440 309 71 18.9 256 1.5 1.6 52.4
Yx58-1  Yx58 2107 124 3.84 5.78 16.47 449 362 127 18.6 17.6 8.0 0.0 55.8
Yx58-2  Yx58 2117 / 1.67 2.76 8.07 447 381 130 240 193 5.9 1.9 48.9
Y47-5 Y47 2360 121 2.79 2.61 5.29 444 173 86 15.8 227 5.1 1.5 54.9
Y47-6 Y47 2379 / 2.59 2.42 5.25 434 178 82 19.1 19.1 5.7 1.5 54.6

W Si—H IR i S IR AR 7 185 finax—S2 W5 1) 5 150 URE XTI A 3R B8 T—S( 48 5L, (S2/TOC) % 100%; Tos— % MR AIEE, (S1/TOC) x 100%; kAR ER
TSR A A A MESRY BT maEsRa . ERa Mg A
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Table 2 Pore structure parameters of shale samples from Qingshankou Formation in Songliao Basin

N DR e WAL AL

L WM BET RmA  BIHALIKB AR MEREE FLMUE kR e BB e B a
Forp(em¥g)  Saer (g) Vo (em¥/g) Dy (am) Vig (em'fg)  ®(%)  S(m¥z) Dy (am)  (emUg)  (em’/g)
Sk-11 25 7.9 0.037 18.6 0.022 5.2 12.3 7.3 0.022 0.019
742-3 13 7.4 0.018 10.1 0.012 3.0 6.0 8.2 0.012 0.008
X83-6 18 9.8 0.025 10.2 0.015 3.6 7.8 7.6 0.017 0.010
Qp-1 25 14.4 0.035 9.9 0.021 4.9 12.4 6.7 0.027 0.010
Yx58-1 17 4.0 0.023 22.7 0.026 5.9 13.2 7.7 0.012 0.014
Yx58-2 12 2.7 0.016 22.4 0.034 8.0 10.1 13.5 0.008 0.018
Y47-5 15 8.2 0.022 10.8 0.026 6.2 10.7 9.7 0.016 0.012
Y47-6 19 10.7 0.027 10.3 0.018 4.4 9.9 7.3 0.020 0.009

T STP AFRHEIRIL; HFLFLARTE 2~50 nm Z [8]; KFLFLAEKF 50 nm
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