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Exploration Potential of Shale Gas in Lower Permian Liangshan Formation of

Lianyuan Depression, Central Hunan

TIAN Wei, WANG Qiang, CHEN Lin, MIAO Fengbin, BAI Yunshan

(Wuhan Center of China Geological Survey, Wuhan 430205, Hubei, China)

Abstract: Based on outcrops and drilling data of Lower Permian Liangshan Formation shale in
Lianyuan depression, its geological and geochemical characteristics, mineral composition, pore
structure as well as gas adsorption capacity have been studied and discussed in this paper through
using the organic geochemical test, X-ray diffraction mineral analysis, electron microscopy scan-
ning, and methane isothermal adsorption. The results show that the shale reservoir of Liangshan
Formation is 6.15-35. 18m thick. The abundance of organic matter is mostly greater than 1%,
with an average of 1. 77%, and the organic matter type is mainly type I. The temperature of max-
imum pyrolysis output T,.. (450-533°C) and vitrinite reflectance R, (1.51%-1.83%) indicate
that the shale belongs to organic-rich shale in post-mature stage. The shale minerals are domina-

ted by quartz and followed by clay minerals. The clay minerals are mainly illite, which is benefi-
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cial to improve the shale reservoir performance. With diverse pore types, the organic pores, in-

tergranular pores and micro-cracks provide space for shale gas. The adsorption gas content of

shale is 0. 65 m®/t, and it has a good gas adsorption capacity. In a word, Liangshan Formation

shale is generally developed and large in Lianyuan Sag, especially in the south of syncline areas,

which are favorable for shale gas exploration.

Keywords: Lower Permian; Liangshan Formation; shale gas; exploration prospect; Lianyuan de-

pression
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Fig. 1 Structural framework and effective shale thickness of Liangshan

Formation in Lianyuan Sag
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Fig. 2 Outcrops and core lithology of Liangshan Formation in Lianyuan Sag
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Lianyuan Sag
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Fig. 4 Frequency distribution of organic carbon

content of Liangshan Formation shales
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Tab. 1 Reflectance of vitrinite and rock pyrolysis of Taiyuan Formation shales

B A kS R, (%) Tnax (C) FE S AL E S R, (%) Tinax (CCD
XZDD - 1 507 XZDD - 14 460
XZDD - 2 1.61 456 e I A 3 XZDD - 15 522
XZDD - 3 482 XZDD - 16 450
XZDD - 4 1.73 452 XY5-1-2 1. 65 533
XZDD -5 478 XY5-1-4 1.75 507
XZDD - 6 456 XY5-1-5 1.83 499

HE YR ) T XZDD -7 1. 68 460 XY5-1-10 1. 69 533
XZDD - 8 1.51 455 XY5-1-13 443

2015H - D6 I

XZDD - 9 1. 54 462 XY5-1-15 506
XZDD - 10 454 XY5-1-17 1.59 532
XZDD - 11 474 XY5-1-18 533
XZDD - 12 452 XY5-1-21 1.74 441
XZDD - 13 486 XY5-1-23 1.77 533
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Tab. 2 Elemental composition and type of

kerogen of Liangshan Formation shales

A A (O TR T
W5 Taem somm mmm fEa Wi %m
XZDD -2 76 21 3 0 84
XZDD -4 93 4 2 1 93
XZDD -7 99 0 1 0 98
XZDD -8 98 1 1 0 98

XZDD -9 88 9 2 1 90
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Tab.3 Whole rock and clay mineral composition XRD analysis data of Liangshan Formation shales
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(a) Triangular diagram of the whole mineral composition and (b)clay mineral

composition of the Liangshan Formation shales
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Fig. 6 Pore structure of Liangshan Formation shales from scanning electron

microscopy (SEM)
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Fig. 7 (a)Curve of nitrogen adsorption-desorption and (b) pore
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Tab. 4 Correlation table of shale reservoir characteristics among Central Hunan area, North America,

Sichuan and Ordos Basin

28 HEm  AHREm TOC%)  R.(%)  HAHUEEM FHE&mO0  BIBRECHD &m0
Barnett 1980~1 600 31~183 1.5 0.5~2.1 1L 20~40 4.5 2.3~6.47
Haynesville 3350~3 950 61~107 0.5~4.0 1.2~3.0 111, 20~35 8§~15 2.8~9.3
Marcellus 1220~2 440  18~68  0.4~10.5 0.7~2.5 111, 34 1.6~7.0 1.7~2.8
KT A 1 500~4 000 33.4~50.6 2.2~5.3 2.03 111 26~46. 1 2.5~6.0 2.1~4.8
AT Jp R4 2 378~2 416 38.0 1.9~5.7 2.2~3.1 I 10~63 2.78~17.08 4.4~8.2
SRR Z2 37 1L VG 40 1000~3500  10~50 2.9 0.7~2.3 11, 111 57.5 0.28~11.01/3.98 0.96~2.71
I X 1L 2 500~1 300 6.15~35.18 0.71~4.66 1.5~1.8 I 9.50~25.89  2.06~4.53 0.38~0.65
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Fig. 9 Seismic geological interpretation profile of Chetianjiang syncline in Lianyuan Sag
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