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Geochemistry and thermal evolution of Wufeng-Longmaxi shale and
its prospect in the Xishui Area, North Guizhou
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Abstract: High-quality marine shale occurs in the Wufeng-Longmaxi Formation in the Xishui Area, North
Guizhou. We evaluated the shale gas resource of the Wufeng-Longmaxi Formation in the Xishui Area based on the
analysis of geochemical characteristics, pore structure, and gas content of core samples from Wells XK1 and XK2.
The research showed that the thickness of high-quality shale (TOC > 2%) of the Wufeng-Longmaxi Formation was
about 30 m, and the characteristics of high-quality shale were of high thermal maturity, high brittle minerals and
high gas content. In addition, we recovered the burial and thermal histories of the Wufeng-Longmaxi Formation of
Well XK1 by using PetroMod software. The basin modeling results showed that the Xishui Area had experienced
four erosion events and one abnormal heat-flow event. The deepest burial depth of the Wufeng-Longmaxi shale
was 5300 m, and the current thermal maturity (R,) is 2.20%. Based on the results above, the Wufeng-Longmaxi
shale of the northwestern limb zone of the Xishui anticline is prospective for exploration and development of shale
gas, because the shale in this area has moderate burial depth, stable tectonic conditions, and better preservation

conditions than other areas.
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Fig.1 The geological map of the Xishui Area (modified from reference [10])
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The depth, formation, total organic carbon (TOC) content and mineral composition of the Wufeng-Longmaxi shale

samples from Wells XK-1 and XK-2

TP (%)

P T HE m 2 M TOC (%) I, | Is. 1
VapE FIE gk K oA R WY
XK1-1 120.0 Syl 2.06 31.8 30.6 10.7 13.7 113 18 41.14 57.90
XK1-2 121.8 Sl 2.00 16.5 43.0 14.7 15.6 7.4 2.0 20.91 40.64
XK1-3 123.0 Sl 3.06 29.1 35.6 10.2 16.0 7.0 2.1 36.84 53.22
XK1-4 125.0 Syl 2.96 28.6 33.9 13.2 15.1 73 2.0 35.62 51.99
XK1-5 127.0 Syl 461 25.5 35.0 135 16.5 7.1 2.3 32.69 50.31
XK1-6 128.7 Syl 3.68 46.8 27.8 / 15.5 7.8 2.1 59.47 71.60
XK1-7 130.5 Sl 432 42.1 30.7 / 16.3 8.7 23 54.68 68.61
XK1-8 131.4 Sl 5.11 42.4 30.1 / 17.4 7.8 22 55.35 69.19
XK1-9 132.0 Sy 4.87 26.6 32.6 10.6 18.7 9.2 2.1 35.75 55.78
XK1-10 136.9 Osw 6.64 375 30.6 / 16.3 11.8 3.8 50.13 68.19
XK1-11 138.6 Osw 3.95 53.4 23.8 / 12.9 7.7 22 65.68 75.66
XK1-12 140.0 Osw 7.09 38.1 35.4 / 17.7 6.7 2.0 49.87 63.84
XK2-1 330.5 Sl 1.52 23.7 333 12.6 23.6 4.9 1.9 32.87 53.21
XK2-2 333.0 Sl 2.08 22.8 37.9 12.9 17.8 6.3 23 29.50 48.00
XK2-3 336.8 Sl 2.45 24.7 35.0 13.1 20.2 5.3 1.7 32.63 51.07
XK2-4 338.1 Syl 411 23.8 37.1 13.7 16.2 6.8 2.4 30.13 47.95
XK2-5 342.1 Syl 428 33.4 35.8 / 18.6 9.2 3.0 45.20 63.09
XK2-6 344.9 Sil 3.35 28.8 33.0 11.8 16.2 8.0 22 36.78 54.19
XK2-7 347.6 Sl 3.69 46.5 28.6 / 15.7 7.2 2.0 58.86 70.82
XK2-8 350.4 Sl 3.54 458 29.5 / 14.9 7.8 2.0 57.47 69.90
XK2-9 356.9 Sl 6.62 475 28.2 / 18.4 5.9 - 60.59 71.80
XK2-10 357.5 Syl 6.74 51.2 25.6 / 16.5 5.1 1.6 64.56 73.98
XK2-11 358.4 Syl 7.16 495 26.5 / 17.1 5.2 1.7 62.98 73.04
XK2-12 359.5 Osw 498 27.6 40.2 / 19.2 10.1 2.9 38.17 59.60

7 RN AR

T2 IR IFMIF2HAE-FDEEATTEHERWEIRTOC)SE.

tERERS)FFLER (M EE

Table 2 The data of the total organic carbon (TOC) content, specific surface area (S) and pore volume () of the Wufeng-Longmaxi

shale samples from Wells XK1 and XK2

4 %  TOC (%) S(N,-BET) (m%/g) V(N,-BJH, 2~50 nm) (cm’/hg) V(N,-BJH, 50~300 nm) (cm’/hg) S(CO,-DR) (m%g) V(CO,-DR) (cm’/hg)
XK1-1 2.06 20.73 1.93 0.97 15.19 0.61
XK1-2  2.00 23.03 2.01 0.91 17.68 0.71
XK1-3 3.06 25.92 2.21 0.94 18.18 0.73
XK1-4 296 24.82 2.04 1.02 18.89 0.76
XK1-5  4.61 29.52 2.12 0.83 25.32 1.01
XKI1-6  3.68 22.83 1.95 0.87 18.80 0.75
XK1-7 432 25.75 2.04 0.92 17.81 0.71
XK1-8 5.11 27.13 2.22 0.93 19.97 0.80
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4 %  TOC (%) S(N,-BET) (m%/g) V(N,-BJH, 2~50 nm) (cm’/hg) V(N,-BJH, 50~300 nm) (cm’/hg) S(CO,-DR) (m%g) V(CO,-DR) (cm*/hg)
XK1-9  4.87 27.13 1.94 0.78 20.39 0.82
XKI1-10  6.64 30.32 2.24 0.77 24.75 0.99
XK1-11  3.95 24.02 2.10 0.71 20.44 0.82
XK1-12  7.09 31.23 1.70 0.54 25.72 1.03
XK2-1 1.52 15.73 1.10 0.29 10.97 0.44
XK2-2  2.08 19.11 1.13 0.30 13.37 0.54
XK2-3 245 21.56 1.25 0.24 14.54 0.58
XK2-4  4.11 27.74 1.45 0.31 19.64 0.79
XK2-5 428 27.25 1.37 0.27 19.13 0.77
XK2-6  3.35 24.46 1.37 0.26 17.12 0.69
XK2-7  3.69 22.04 1.18 0.24 15.59 0.62
XK2-8  3.54 23.90 1.25 0.25 15.76 0.63
XK2-9  6.62 29.61 1.45 0.30 23.86 0.96
XK2-10  6.74 29.05 1.51 0.33 23.28 0.93
XK2-11  7.16 31.35 1.38 0.29 26.09 1.04
XK2-12  4.98 27.95 1.63 0.25 21.46 0.86
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Fig.2 Ternary plot of mineral compostion (a) and the content of quartz vs. TOC (b)
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Table 3 Desorption gas composition, gas content, and carbon and hydrogen isotope compositions of methane
in the Wufeng-Longmaxi shale samples from Well XK1
M = CHy (%) C,Hg (%) C3Hg (%) N, (%) CO; (%) AR (mh) 8" C(CHy) (%o0) OD(CHy) (%o0)
XK1-9 38.06 0.08 / 61.86 / 1.10 —38.72 —189.12
XKI1-11 73.84 0.08 / 26.05 0.03 1.37 —39.20 —184.26
XK1-12 55.05 0.06 0.03 44.85 / 1.54 —38.37 —187.92
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