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Fig. 1 Location map of the study area in the Zhanhua Sag
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Table 1 Geochemical parameters and mineral compositions of shale samples

AL WE APLIRAR BAE AHUR R0 WL %
BT m /% % KW HE KA IRG (56 KT BT PRE GG mib e St
L1 2947 2.44 0.79 1 21 1 50 6 4 18 58 20 15 7

L2 2962 2.58 0.72 1 18 1 51 3 2 25 57 27 12 4

L3 3025 3.70 0.79 1 19 2 46 5 5 23 66 22 8 4

L4 3055 5.63 0.80 1 17 1 55 8 4 15 51 49 0 0

L5 3060 4.55 0.83 11, 17 1 64 5 3 10 60 40 0 0

L6 3105 3.21 0.85 1L, 18 1 58 5 4 14 60 38 1 1

L7 3110 1.40 0.87 11, 11 1 73 3 3 9 69 29 1 1

L8 3120 1.42 0.91 11, 5 0 88 1 1 5 65 33 1 1
SEHE 3.23 0.81 / 1575 1 60.63  4.50 3.25 14.88 60.75 3225 4.5 2.25
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Fig. 2 Morphology and distribution of organic pores and micro-fractures in the shale samples.
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Fig.3 Morphology and distribution of inorganic pores and micro-fractures in the shale samples.
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Fig. 4 Injection-withdrawal curves of the Es;' Formation in the Zhanhua Sag
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Fig. 5 Change rates of pore volume and surface area based on MIP analysis
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Fig. 6 N, adsorption-desorption isotherms of the Es;' Formation in the Zhanhua Sag
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Fig. 7 Change rates of pore volume and surface area based on N, adsorption
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Fig. 8 Change rates of pore volume and surface area based on CO, adsorption
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Fig. 9 Whole-aperture distributions of pore volume and surface area based on CO,, N, adsorption and MIP analysis
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Table 2  Statistics of pore volume of the Es;' Formation in the Zhanhua Sag

‘ FLIRFL /(mL/g) FLIRFLLL A /%
FEaans - : p
AL oL AL SE{RLS A filfL el ZAL
L1 0.001 39 0.001 02 0.000 74 0.003 15 44.06 32.32 23.62
L2 0.000 98 0.000 43 0.000 92 0.002 32 42.07 18.35 39.58
L3 0.000 51 0.000 67 0.001 34 0.002 51 20.15 26.60 53.25
L4 0.001 00 0.000 65 0.006 86 0.008 51 11.78 7.63 80.58
L5 0.000 84 0.001 13 0.002 26 0.004 24 19.93 26.71 53.37
L6 0.000 52 0.000 79 0.004 34 0.005 65 9.25 13.95 76.80
L7 0.000 37 0.000 88 0.002 36 0.003 61 10.32 2432 65.36
L8 0.000 58 0.002 19 0.002 23 0.004 99 11.53 43.80 44.67
SEHE 0.000 79 0.000 93 0.002 65 0.004 38 18.13 21.26 60.61
F3 OHKMED = TIERIUSIEREREITR
Table 3 Statistics of surface area of the Es;' Formation in the Zhanhua Sag
. R FR /(m?/g) HeR AL L Bl /%
FEahaS - = : p e
AL ol ZAL SR AL oL ZAL
L1 3.68 0.32 0.01 4.01 91.75 8.08 0.17
L2 2.55 0.13 0.01 2.68 95.07 4.70 0.23
L3 1.36 0.16 0.00 1.53 89.01 10.68 0.31
L4 2.78 0.23 0.09 3.10 89.83 7.39 2.78
L5 2.37 0.38 0.02 2.76 85.74 13.63 0.63
L6 1.40 0.20 0.02 1.61 86.73 12.24 1.03
L7 1.02 0.23 0.01 1.26 80.80 18.18 1.02
L8 1.64 0.65 0.00 2.29 71.48 28.32 0.20
SEHME 2.15 0.28 0.02 2.45 87.87 11.30 0.82

60.61%, F-¥J4 0.002 65 mL/g, Hitk, BFIFXP=T
B U FLBR AP LR R 3222 ph 2 FLER A, HakE AL,
e Je e AL o

5T X V0 =N B A LB Y b 3 AR o3 A 22 8
RS E Y BRI RRAE, I (E LA VI H R 0.5~0.9 nm( ]
9). LAY LR TR & LBl R, 29 B R T A
) 87.87%, ¥4k 2.15 m¥/g(% 3). LI LR
FXFEN, SEHh 0.28 m¥g, 2920 11.30%, 1iZ2fLH)
b B 0.02 m¥g, 5 0.82%. L, #FFRIXID
=R B DA LR Y LR 1w R 4 B LR, P
UL TTRR—/ IR 43, IR LI LT TEoT ik

5 e
(1) IR TG Vb = F B T 4 & B A HUERFL . L]

fL AL ESE 4 FPALBIR AL, oA HLE AL
KL ] FLAN R EE B LA R HOE il PRy, 2 A

FERIGEGE A R FNE il i

(2) e T R 7R 52 35 A5 3] 9 00 L IR 4 A R Ak 2R
WAL A YD = W B TS FLBR 250 A A /T 10 nm
AR T 1 pum B FLARTE 5 N, MR 52 36 45 3] 119 0T
LB o> A AR 2 B T 1 LA AR R NLAR
(3~10 nm) B FLBRFRHE, KFLAE (10~100 nm) B9 L BT
R R DTk /N, ELFLBR DA SR KO 7R R 4 76 Oy
F5 CO, W B SEE0 A5 2 1) T 7 FL R o3 Ai R R 3R B DA
Y FLAARFRR L 26 i AL S 2 0.30~0.90 nm 75 [l P 9 FL
Bt

Q) itk Mg =T W B vUA R L . LA AL
WHER . TUAFLBRFLIRF 0 S W RE, WE(H
FLAAJE o 0.5~0.9 nm, 10~40 nm £ 50~15 000 nm.,
b 3R TR 4> A 2 R0 KR AR, W (R AL ARV R
0.5~0.9 nm. ZALEEME T IR LR ALK, ThifsAL
DFRAE T DUAFLBRAY LR AR
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Shale micro—nano pore structure characteristics in the lower third
member of the continental Shahejie Formation, Zhanhua Sag
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Abstract Since shale oil mainly occurs in shale pores, research into the pore structure characteristics is key to understand the
mechanism of shale oil accumulation. Shale micro—nano pore structure in the continental Es;' Formation in the Zhanhua Sag is
qualitatively and quantitatively characterized with FE-SEM, CO, adsorption, N, adsorption, and high pressure mercury injection.
Results show that four kinds of pores are present in the Es;' shale. These are organic pores, intergranular pores, intraparticle
pores, and micro-fractures. Micropores, mesopores and macropores are developed in the shale samples. Macropores have a rather
greater capacity for providing pore volume than do micropores and mesopores, accounting for about 60.61% and providing major
reservoir space and seepage paths for shale oil. Micropores are dominant in surface area, accounting for about 87.87% and are
the main site for shale oil adsorption.
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