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Table 1 Total organic carbon(TOC) ,Rock-Eval pyrolysis results and mineral composition for shale samples
TOC  Tmax In Io S1 S2 Ss
/m /% /C /(mgge/groc)  /(m8c )y /eroc) /(mg/g) /(mg/g) /(mg/g) /% /% /% /% /% /
9 291.6 1.6 1.1 58.0 0.017 0.017 0.928 21.8 1.8 17.4 0 52 5.3 1.7
16 298.5 4.39 599 0.7 11.9 0.032 0.032 0.523 42 7.2 33.7 0 14.1 0 2.9
17 299.4 3.99 599 0.7 12.5 0.022 0.028 0.499 45.1 9.7 35.3 0 7.4 0 2.5
18 300. 6 4.45 474 0.7 7.3 0.019 0.029 0.324 25.1 10.8 40.2 0 3.8 0 3.1
20 305.6 2.28 599 1.2 25.1 0.016 0.027 0.572 23.1 5.8 37.7 3.6 28.9 0 1
22 310. 4 0.29 599 8.0 75.8 0.015 0.023 0.219 23.1 13 39.4 17.8 3.9 0 2.9
23 312.6 3.75 599 0.7 14.4 0.023 0.025 0. 540 17.8 8.9 30. 6 16.5 24.7 0 1.4
28 322.1 3.3 577 0.8 21.8 0.028 0.028 0.719 30.4 11 25 10.3 1.7 16.5 5.1
30 326.5 2.47 599 0.9 23.9 0.018 0.022 0.59 22.9 13 25.1 13.7 22.8 0 2.5
31 328.4 5.04 584 0.5 8.0 — 0.027 0. 404 25.2 12.6 33.7 13.7 7.1 4.5 3.1
32 330.0 6.52 599 0.4 6.3 0.025 0.027 0.411 31.2 14.2 24.9 9.4 8.4 4.5 7.3
33 331.5 1.16 576 0.7 7.6 0.017 0.029 0.317 32.3 17 21.6 13.8 0 9.6 5.7
34 333.5 3.63 550 0.8 9.0 0.022 .03 0.325 40.9 14.6 19.2 12.2 0 5.5 7.5
37 337.6 3.41 540 0.8 6.7 0.016 0.026 0.227 11.6 12.3 38.9 0 0 1.5 2.6
38 353.5 1. 16 599 1.3 6.7 0.033 0.058 0. 308 84.1 14.3 0 0 0 0 0
39 354.5 6.63 599 0.5 11.4 0.020 0.032 0.759 — — — — — - —
41 356. 6 3.83 599 2.2 14. 4 0.054 0.084 0.551 50.5 0 33.2 0 5.3 7.9 3.1
42 357.6 7.34 599 0.9 8.0 0. 06 0.064 0.584 54 8.2 25.5 0 0 12.2 0
43 358.6 1.79 599 1.2 30.4 0.018 0.021 0.544 69.1 5.3 0 0 2.6 23.1 0
15 360.7 4.3 599 1.0 11.2 0.038 0.041 0.482 66.4 8.4 14.4 0 0 10.7 0
46 361.6 5.75 599 1.1 10. 3 0.039 0.063 0.595 67 0 0 0 0 33 0
47 362.4 2.11 599 1.4 22.3 0.022 0.030 0.470 60.6 0 23.2 0 0 16.1 0
51 366.5 1. 05 543 3.5 14.5 0.025 0.037 0.152 67.6 4.9 19.1 0 0 8.4 0
58 373.5 1.26 599 1.6 15.6 0.024 0.02 0.196 69 6.3 20.6 0 0 4.1 0
59 374.4 0.64 573 4.9 15.5 0.026 0.031 0.099 60.3 9.6 24.4 0 0 3.7 1.9
67 381.4 2.21 599 0.9 0.5 0.017 0.019 0.012 87.6 12.4 0 0 0 0 0
72 387.4 0.94 539 1.9 5.2 0.017 0.018 0.049 67.8 6.7 23.4 0 0 0 2.2
76 391.5 2.83 - 1.0 3.2 0.029 0.027 0.091 71.6 0 21.7 0 0 2.4 1.3
81 397.8 1.5 560 3.0 7.5 0.022 0.045 0.113 50.4 7.9 33.9 0 0 3.8 4.1
2.3 s TUPAC
IUPAC , (< , 1 v
2nm) . (2~50nm) (>50nm)* 3 tee] |

(7195.80(:) [}
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Table 2 Porosity and methane sorption data for shale samples
(60°C, )
/ m
/(m?/g)  /(ecm®/100g) /(cm3/100g) /% /% /(X107 3um?)  /(mL/g) /(mL/g) /MPa

9 291.6 19.50 0.15 2.50 2.37 1.31 0. 002 1.16 1.62 6.12  0.9800
16 298.5 28.29 0.28 3.11 1.12 1.77 0.049 1.83 2. 290 3.12 0.995 2
17 299. 4 28.11 0.33 3.38 1.21 2.05 0.161 2.06 2.49 2.66  0.9980
18 300. 6 25.72 0.28 2. 86 1.18 1.49 1. 989 1.87 2.26 2.45  0.999 1
20 305.6 17. 60 0.26 2.15 1.64 1.36 6.015 1.62 2.31 6.21  0.9314
22 310. 4 16. 25 0. 04 2.58 4.08 1.69 0. 288 1.14 1.88 7.31  0.9935
23 312.6 19.73 0.17 2.56 1.59 1.26 0.056 1.98 2.32 2.00  0.999 1
28 322.1 20. 84 0. 24 2.90 1.02 1.89 5.383 1.33 1.73 3.90  0.996 7
30 326.5 13.91 0.08 1.98 1.21 1.55 0.834 1.68 2.47 5.78  0.9729
31 328.4 26. 74 0.54 2.65 1.06 1.90 0.157 2.55 3.02 2.40  0.9956
32 330.0 6.63 0.19 0.53 0.58 1.58 0.178 2.94 3.46 2.21  0.998 1
33 331.5 22.29 0.42 2.42 1.48 1.81 11.731 2.73 3. 54 3.63  0.9928
34 333.5 20. 63 0.35 2.18 0.67 2.23 0.042 2.40 3.09 3.34  0.9939
37 337.6 19.09 0. 30 2.11 0.67 1.42 0. 048 1.48 1.72 1.50  0.996 6
38 353.5 14.14 0.29 1.28 1.01 2.05 0.215 1.81 2.23 3.11  0.983 2
39 354.5 12.71 0.18 1.83 1.00 0.78 3.972 2.04 2.38 2.39  0.9929
11 356.6 24,22 0.51 2.50 0. 85 1.04 0.155 3.71 1.22 1.88  0.996 9
42 357.6 20.78 0.27 2.23 0. 84 1.16 9.341 1.74 2.31 4.80  0.979 9
43 358.6 9.41 0.13 1.13 0.81 0.99 41.286 0. 90 1.21 5.26  0.963 9
45 360. 7 15.66 0.15 1.68 1.43 1.49 7.896 1.75 2.05 2.00  0.999 6
46 361.6 21.11 0.38 1.88 0.48 1.17 0.029 2. 20 2.50 1.67  0.9995
47 362. 4 7.99 0.02 1.34 2.53 1.25 6.775 0.72 0.82 1.96  0.997 4
51 366. 5 5.64 0.03 .11 3.59 0.72 3.306 0. 46 0.68 6.45  0.964 6
58 373.5 6.98 0.02 1.03 2.55 0.84 7.252 0.67 1.16 9.52  0.9575
59 374.4 6.77 0. 04 1.21 1.11 0.52 1.129 0.30 0.41 4.76  0.9703
67 381.4 24.21 0.26 2. 60 2.13 0.79 0.058 0.54 0.79 5.48  0.992 6
72 387.4 16. 80 0.08 2.34 5.32 1.13 3.451 1.21 1.81 6.50 0.9816
76 391.5 18.81 0.15 2.12 3. 41 2.36 — 1.21 1.44 2.17  0.9985
81 397.8 13.75 0. 30 2.08 1.55 1.44 0.259 0.92 1.13 3.09  0.996 8

l2MPE 19 MPa in.  Langmuir :P;  Langmuir R
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4

Fig. 4 Methane sorption isotherms for selected shale samples

5 ZK601 T0C, N
Fig.5 TOC,mineralogy,Hg porosity and methane sorption capacity over depth for shale samples from well ZK601
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6 TOC N N
Fig. 6 Relationships between TOC content and(a) porosity; (b) BET surface area;

(c¢) micropore volume; (d) mesopore volume;and(e,f) methane sorption capacity

7

Fig. 7 Field emission scanning electron microscope images of organic matter for the shale samples
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Fig. 8 Relationships between mineral contents and(a)porosity, (b) BET surface area and(c,d)methane sorption capacity
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The Characteristics of Pore Structure and Its Gas Storage Capability

of the Lower Cambrian Shales from Northern Guizhou Province

XIA Jia"?*,WANG Si-bo' ,CAO Tao-tao’, YANG Jin-zhao'* ,SONG Zhi-guang'
(1. State Key Laboratory of Organic Geochemistry . Guangzhou Institute of Geochemistry .Chinese Academy of
Sciences,Guangzhou 510640 ,China ;2. University of Chinese Academy of Sciences,Beijing 100049 ,China;
3. Wuxi Department of Petroleum Geology sResearch of Petroleum Exploration and Development ,
SINOPEC .Wuxi 214126 .China)

Abstract; The organic carbon content, mineral compositions, pore structures and sorption capacity of core
samples from the Lower Cambrian Niutitang Formation and Palang Formation in northern Guizhou Prov-
ince were analyzed to obtain the pore structure characteristics, pore structure controlling factors and the
impact of organic matter on methane sorption capacity. The results show that the study section is a tight
reservoir with characteristics of low porosity and permeability. The samples have a BET surface area ran-
ging from 5. 64m”/g to 28. 29m*/g and the NLDFT micropore volume and mesopore volume in the range of
0. 02-0. 54cm’®/100g and 0. 53-3. 38cm®/100g, respectively. The positive relationships between porosity,spe-
cific surface area,micropore volume and TOC content indicate that organic matter controls the pore struc-
tures. However, shales with high TOC content may have certain limitation on the development of organic
matter pores. In addition,clays also contribute a portion of total porosity. The methane excess sorption at
12MPa(nex12MPa) and Langmuir sorption capacity (n; ) of the Lower Cambrian shales range from
0.30cm’/g to 3. 71lem®/g rock and 0. 41em’/g to 4. 22cm® /g rock, respectively. The methane sorption ca-
pacity shows a positive correlation with TOC but a decrease in high TOC samples because of low micropore
volume and specific surface area.

Key words: Porosity; Specific surface area; Micropore volume; Total organic carbon; Methane sorption capac-

ity; Lower Cambrian shale in northern Guizhou Province



