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Element geochemical characteristics of the Wufeng—-Longmaxi shale in
Jiaoshiba area, Sichuan Basin and their significance to shale gas development

GAN Yuqing, WANG Chao, FANG Dongliang, YANG Lanfang, ZHOU Xinke, ZHANG Ping

(Research Institute of Petroleum Exploration and Development, SINOPEC Jianghan Oilfield Company, Wuhan, Hubei 430223, China)

Abstract: A total of 85 shale core samples from wells JYA and JYD in Jiaoshiba area of Sichuan Basin were selected
to test their organic carbon contents, major and trace elements. The redox conditions and paleoproductivity of the gas-
bearing shale in the Wufeng—Longmaxi formations in the Jiaoshiba area were studied by analyzing the vertical variation
characteristics of the major and trace elements in the profile. Meanwhile, the controls for organic matter enrichment in
the Wufeng—Longmaxi formations were explored. Moreover, the impact of geochemical elements on shale compressibi-
lity and gas-bearing property were studied. The organic carbon content in the high gas-bearing interval from the
Wufeng Formation to the lower part of Longmaxi Formation is high with an average value of 3.07%. Compared with the
common gas-bearing shale, SiO, and CaO contents are higher in the high gas-bearing shale, and redox-sensitive
elements such as Mo, Cr, V, Ni, Th and U are enriched. The redox condition indicators such as V/Cr, V/Sc, U/Th
and Ni/Co indicated that the Wufeng Formation was mostly deposited in suboxic to anoxic conditions, whereas the
anoxic environment dominated during the early sedimentary stage of Longmaxi shale and evolved into aerobic condi-
tions later on. The contents of biological productivity-related element Ba,,, reflected a high paleoproductivity, whereas
TOC content has an obvious positive correlation with redox proxies (Mo/Al, U/Th, Ni/Co and V/Sc) in the high
gas-bearing interval , suggesting that the enrichment of organic matter was predominantly controlled by redox environ-
ment. In addition, the biogenic siliceous content of high-quality gas-bearing shale is high, and the organic carbon con-
tent is positively correlated with the SiO, content, which is conducive to the formation of natural fractures and the later
artificial fracturing. The ratio of geochemical elements in the high gas-bearing interval is significantly higher than that
of common interval , indicating that there is a certain correlation between chemical element ratios and shale gas.

Key words: major and trace elements; organic matter enrichment; compressibility; gas-bearing; shale; Wufeng—
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Table 1 Analytical and calculated results of major elements from gas-bearing shale
in Wufeng—Longmaxi formations, Jiaoshiba area, Sichuan Basin

ML % A
o om0 . S0,/ Al
%S0, ALO Fe,0y M0 Ca0 NayO KoO Mw0 THO, Po0g Fe0 O L S
IYA-4-11 © 0.66 59.08 18.31 7.20 3.01 0.22 0.89 4.94 0.037 0.725 0.107 4.28 3.23 0.54
JYA-4-49 1.70  62.16 14.14 4.16 2.36 3.45 1.12 3.80 0.030 0.639 0.120 3.11 4.40 0.58
IYA-4-102 @ 1.67 61.65 13.94 524 238 3.17 1.28 3.62 0.026 0.724 0.130 2.95 4.42 0.55
IYA-4-126 © 1.57 59.21 16.41 5.78 2.65 1.86 1.27 4.35 0.031 0.764 0.122 3.40 3.61 0.56
JYA JYA-4-158 & 2.80 62.41 12.55 4.63 198 293 1.06 3.50 0.027 0.650 0.111 2.55 4.97 0.56
JIYA-4-196 @ 2.56 63.11 1049 3.79 2.07 545 1.04 2.89 0.034 0.584 0.117 1.98 6.02 0.57
IYA-4-219 ® 3.85 68.87 9.29 3.65 127 273 091 2.68 0.017 0.510 0.125 1.61 7.41 0.56
JYA-4-238 @ 5.65 70.67 9.11 2.60 1.06 1.44 1.08 2.59 0.011 0.477 0.109 1.61 7.76 0.61
IYA-4-247 @D 385 77.25 6.02 2.78 097 1.02 0.58 1.58 0.010 0.297 0.098 1.33 12.83 0.52
JYD-5-68 © 0.63 59.60 18.33 6.64 298 0.31 096 4.74 0.040 0.670 0.103 4.36 3.25 0.55
JYD-5-181 232 5743 13.83 538 275 5.18 0.92 3.64 0.052 0.663 0.145 2.99 4.15 0.54
JYD-5-247 @D 1.36 62.46 13.26 5.37 246 3.29 1.21 3.46 0.032 0.687 0.125 2.44 4.71 0.55
IYD-5-277 ©® 1.41 60.35 14.11 4.81 2.55 4.02 1.61 3.50 0.034 0.739 0.131 2.82 4.28 0.57
JYD JYD-5-323 & 2.27  60.96 14.27 5.09 2.28 3.00 1.25 3.73 0.029 0.724 0.127 3.98 4.27 0.53
JYD-5-379 @ 2.81 59.79 13.38 4.47 196 4.89 1.06 3.68 0.024 0.727 0.139 2.60 4.47 0.58
JYD-5-463 390 6895 9.50 3.24 148 3.08 1.00 2.61 0.020 0.508 0.152 2.87 7.26 0.53
JYD-5-494 @ 435 64.53 1249 346 1.41 1.69 135 3.38 0.010 0.592 0.125 1.75 5.17 0.64
IYD-5-529 @ 3.06 61.16 1538 4.13 251 1.82 1.05 4.30 0.039 0.763 0.091 2.58 3.98 0.62
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Fig.1 Vertical distribution of major elements from gas-bearing shale
in Wufeng—Longmaxi formations in well JYA, Jiaoshiba area, Sichuan Basin
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Table 2 Analytical and calculated results of trace elements from gas-bearing shale
in Wufeng—Longmaxi formations, Jiaoshiba area, Sichuan Basin

MHREE R/ (ug - g™") JaRCRAE S
s peme 2 w100 o e haL
fi % Mo V C C N S Th U Ba V/Cr Ni/Co V/Se U/Th . oo
(V+Ni) (pg-g™)
JYA-4-11 @ 0.66 841 193 118.0 22.3 77.1 24.30 25.10 6.56 2637 1.64 3.46 7.94 026 0.71 2118.90
JYA-4-49 1.70 20.50 392 140.0 14.4 93.3 16.30 21.50 6.72 2590 2.80 6.48 24.05 0.31 0.81 2130.16
JYA-4-102 @ 1.67 10.70 158 102.0 20.7 68.2 14.20 17.90 6.97 2231 1.55 3.29 11.13 039 0.70 1 669.34
JYA-4-126 ® 1.57 9.03 111 109.0 19.8 59.8 16.40 22.10 6.73 2145 1.02 3.02 6.77 030 0.65 1 586.65
JYA JYA-4-158 &) 2.80 17.30 203 95.2 20.4 85.1 13.90 17.50 8.86 2301 2.13 4.17 14.60 0.51 0.70 1764.74
JYA-4-196 @  2.56 29.60 271 145.0 14.8 112.0 10.60 16.00 9.59 1784 1.87 7.57 2557 0.60 0.71 1103.48
JYA-4-219 @ 3.85 56.60 180 135.0 16.5 128.0 8.96 13.50 17.90 1690 1.33 7.76 20.09 1.33 058  972.96
JYA-4-238 @  5.65 123.00 410 79.5 12.6 173.0 8.68 12.90 54.20 1643 5.16 13.73 47.24 420 0.70 1 064.91
JYA-4-247 @ 3.85 6530 250 137.0 12.9 151.0 6.73 8.73 19.40 1101 1.82 11.71 37.15 222 0.62  416.06
JYD-5-68 @ 0.63 632 175 119.0 19.3 68.1 18.30 21.40 6.13 1922 147 3.53 9.56 029 0.72 1249.68
JYD-5-181 232 2070 124 117.0 19.6 102.0 14.90 20.90 9.90 1694 1.06 520 832 0.47 0.55 1029.22
JYD-5-247 @  1.36 11.00 103 102.0 19.5 77.7 11.80 16.00 5.91 1501 1.01 3.98 8.73 0.37 057  792.00
JYD-5-277 ® 1.41 16.10 104 169.0 17.5 96.2 12.90 17.80 6.08 1555 0.62 5.50 8.06 0.34 052  479.44
JYD JYD-5-323 & 2.27 20.80 176 153.0 21.3 100.0 14.60 18.80 7.86 1693 1.15 4.69 12.05 0.42 0.64  611.31
JYD-5-379 @  2.81 28.50 285 134.0 22.2 125.0 15.20 20.80 11.50 1774 2.13 5.63 18.75 0.55 0.70  688.60
JYD-5-463 @  3.90 55.00 261 131.0 16.7 144.0 10.40 13.80 16.40 1444 1.99 8.62 25.10 1.19 0.64  684.48
JYD-5-494 @  4.35 130.00 645 79.6 12.7 184.0 10.60 14.70 37.90 1449 8.10 14.49 60.85 2.58 0.78  884.33
JYD-5-520 @ 3.06 14.90 131 128.0 18.1 74.2 12.10 20.20 4.70 1591 1.02 4.10 10.83 0.23 0.64  974.20
Mo/Aly, | V/Al,, | Cr/Al,, | Co/Al,, | Ni/Al,, | Rb/Al,, | St/Al,, | Ba/Al., | Th/Al,, | U/Al,,
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Fig.2  Vertical distributions of Al-normalized trace elements from gas-bearing shale

in Wufeng—Longmaxi formations in well JYA, Jiaoshiba area, Sichuan Basin
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Fig.3 Vertical distribution of geochemical indicators of gas-bearing shale

in Wufeng—Longmaxi formations in well JYA, Jiaoshiba area, Sichuan Basin
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