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Occurrence characteristics of shale oil in the second submember
of Da’ anzhai Member of Jurassic Ziliujing Formation, central Sichuan Basin
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Abstract; Although China has abundant lacustrine shale oil resources, their exploitation is challenging. Investiga-
ting the various occurrence states of shale oil in shale reservoirs provides value for the exploration and development
of shale oil resources. With the shale in the second submember of Da’ anzhai Member of Jurassic Ziliujing Forma-
tion of the central Sichuan Basin (the Da2 submember) as the research object, the study reveals the occurrence
modes of shale oil under different states in various medium pores, through the implementation of the multi-temperature
pyrolysis experiment, the observation of pore development characteristics under the scanning electron microscope
and the analysis of the pore size distribution before and after oil washing. In the Da2 submember, the shale oil is
mainly in the free state (0.42 to 10.88 mg/¢g) , followed by the adsorption state (0.30 to 1.95 mg/g) , as revealed

by thermal simulation recovery. The reservoir space of shale includes organic pores ( pore size: 2 to 600 nm) ,
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pyrite intergranular pores ( pore size: 10 to 700 nm) , shell pores ( pore size: 20 to 1 000 nm) , quartz/feldspar
intergranular pores (pore size: 4 to 500 nm) and clay mineral intergranular pores (pore size: 4 to 500 nm). After
oil washing, the results of nitrogen adsorption and high pressure mercury injection demonstrated a significant increase
in pores with sizes of 2 to 30 nm and 60 to 1 000 nm, where most of shale oil is stored. Meanwhile, it was demon-
strated that the shale oil in the Da2 submember mainly occurs in organic matter and pyrite by establishing a heat
map of the relationship between the occurrence state of shale oil and the medium in the rock. Lastly, by fitting
the content of shale oil in different occurrence states with the oil volume obtained before and after oil washing,
the pore size range for shale oil accumulation in the study area was determined. The free state of shale oil in the
Da2 submember primarily accumulates in pores of organic matter and pyrite with pore size of 60 to 700 nm, and
the adsorbed state of shale oil mainly accumulates in the organic matter pores with pore size of 2 to 6 nm. In conclu-
sion, this study presents a thorough examination of the occurrence characteristics of shale oil in Da2 submember,
and it will support shale oil exploitation efforts in the area.

Key words: shale oil; occurrence state; occurrence space; occurrence mode; second submember of Da’ anzhai

Member; Jurassic; Sichuan Basin
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Fig.1 Tectonic subdivision of Sichuan Basin (a) and stratigraphic column of Jurassic Ziliujing Formation (b)
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Table 1 Basic information of selected samples
BH WIE w(TOC) / VR/ EED WY/ % S/ S/ Su/ Sw/  ALBEEE
2k m % % RIFEOERE ey wkky (mge) (mgg) (mgg) (m'g) %
PL10-1 1983.1 1.60 1.00 49.9 15.1 29.8 5.2 0.01 0.93 0.98
PL10-2 1993.4 1.07 .00 22.3 63.3 13.0 1.4 0.00 1.03 0.41
PL10-3 1997.4 2.25 1.03 49.5 22.6 24.1 3.8 0.06 1.62 1.95 4.21 2.69
PL10-4 2 006.0 2.60 0.96 54.5 4.4 35.9 5.1 0.09 1.76 1.26 11.56 3.95
PL10-5 2011.8 1.82 1.00 60.3 5.3 32.1 2.3 0.04 1.64 1.87
PL10-6 2014.3 2.40 1.03 58.1 8.1 26.8 7.0 0.04 0.86 0.78 21.80 3.61
PL10-7 2 015.2 1.14 1.03 60.8 11.2 28.0 0.0 0.02 0.75 0.73
PL10-8 2 019.1 1.41 1.04 40.1 39.9 16.6 3.5 0.01 0.67 0.88
PL10-9 2 020.1 0.45 1.11 45.2 31.0 23.7 0.0 0.02 0.61 0.34 1.80 1.24
PL10-10 2 022.5 0.68 1.06 58.1 7.3 32.6 1.4 0.00 0.25 0.36 3.65 2.76
PL10-11 2 022.7 0.73 1.12 45.7 33.5 18.9 2.0 0.02 0.79 0.61
PL10-12 2 025.8 0.84 1.16 54.8 34.5 9.4 1.4 0.00 0.21 0.30
PL10-13 2 026.2 0.91 1.19 54.5 15.3 28.5 1.2 0.00 0.28 0.31 2.76 1.95
PL10-14 2 028.5 0.66 1.11 59.2 11.2 29.6 0.0 0.00 0.29 0.49
PL10-15 2 029.8 0.60 1.17 55.1 16.2 26.4 2.3 0.00 0.14 0.31
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Fig.2 Content of shale oil in different occurrence states in second submember

of Da’ anzhai Member of Jurassic Ziliujing Formation, central Sichuan Basin
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Table 2 Parameters of oil generation and expulsion during shale thermal simulation
in Da’ anzhai Member of Jurassic Ziliujing Formation, central Sichuan Basin

PR SR 25
PSR mpes VR ORGE VR EaER HERER, O WRNER, IR, BN,

C % % (mg/g) (mg/g) (mg/g) % (mg/g)

250 1.15 84.47 11.15 73.32 13.20
300 149 112 157.80 25.59 132.21 16.22 180.12
MO030-H31, 350 1.63 1.19 200.76 110.24 90.52 54.91 102.61
o(T0C)=1.83%, oo 174 124 178.00 125.20 52.80 70.34 57.17

VR, =0.97%, : : : : : : :

$i3cki33] 380 184 1.28 $8.83 78.71 10.12 88.61 26.73
400 1.86  1.29 78.37 69.94 8.43 89.24 21.83
450 197  1.33 31.77 29.41 2.36 92.57 1.56

250 198.72 31.80 166.93 16.00

300 290.50 53.07 237.43 18.27

Xi20. 325 293.32 65.95 227.37 22.48

w(TOC)=2.25%, 350 292.69 81.53 211.16 27.86
VR,=1.0%, 375 1.54 1.15 311.50 96.87 214.64 31.10 144.55
BRI 0 179 126 166.16 110.03 56.12 66.22 39.16
450 193 132 93.01 83.45 9.56 89.72 6.80
500 228  1.46 51.48 48.25 3.23 93.73 0.26
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Fig.3 Prediction of residual oil yield in Da’ anzhai Member of Jurassic Ziliujing Formation, central Sichuan Basin
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Table 3 Characteristics of shale pores in second submember
of Da’ anzhai Member of Jurassic Ziliujing Formation, central Sichuan Basin
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Fig.7 Shale oil occurrence in different pore sizes in second submember
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