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Abstract: This paper is the result of oil and gas exploration engineering.

[Objective] The Yichang area of Hubei Province is one of the important frontier areas of shale gas exploration on the middle
Yangtze platform. Field investigation and drilling works in recent years show that the Cambrian Shuijngtuo Formation in this area is
a shale gas exploration target with great potential industrial value. [Methods] Based on the latest borehole data in this area, the
characteristics of high—quality shale reservoirs and the hydrocarbon accumulation patterns are identified by means of
multidisciplinary methods. [Results] The shale of the Shuijngtuo Formation has high organic matter abundance, with TOC mainly
distributed in the range of 0.56%—8.42%. Organic matter is dominated by type II, and type I kerogen, and R, equivalent value is
distributed in the range of 2.4%—3.2%. Porosity and permeability values of shale reservoirs within the Shuijngtuo formation are
mainly in the range of 0.5%—9.1% and 0.019x107—0.540x10"* um®. Reservoir pore spaces of shales within the Shuijngtuo Formation
mainly includes organic pores, inorganic pores and fractures. Occurrence of pore spaces is mainly related to the enrichment degree of
organic matter, the content of clay minerals and the development degree of fractures. Natural gas is mainly attached to the shale
reservoir in the form of adsorbed gas (45.21%—81.44%) and free gas (18.56%—54.79%), and the proportion of dissolved gas is
relatively small. The gas bearing property of the shale reservoir is mainly related to the content of organic carbon, the proportion of
brittle minerals and the degree of fracture development. The higher the proportion of organic carbon, the proportion of brittle
minerals, and the degree of fracture development, the better the gas bearing property of the reservoir becomes. [Conclusions] Based
on the geochemical, petrophysical and field measurement data, the shale gas of the Shuijingtuo Formation in Yichang area has great

commercial value and is one of the ideal targets for shale gas exploration and development in southern China.

Key words: shale reservoir; shale oil and gas; controlling factor; middle Yangtze Platform; hydrocarbon accumulation pattern; oil
and gas exploration engineering

Highlights: Based on multidisciplinary cross—means, the shale reservoir characteristics and natural gas enrichment rules of
Shuijingtuo Formation were identified. Based on the influence of the controlled basement fault structure, the rock gas preservation
model of the Shuijingtuo Formation in Yichang area is determined as the “basement—controlled reservoir—type” preservation model.
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Table 1 Geochemical characteristics of organic matter in organic—rich shale reservoirs in different regions of the Lower
Cambrian in the Yangtze Platform, South China
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Table 2 Statistics of kerogen of Shuijingtuo Formation in Changyang Yazikou section
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Table 3 Statistics of shale maturity of Cambrian Shuijingtuo Formation in Yichang main area
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Table 4 X-ray diffraction component statistics of whole rock of Shuijingtuo Formation in Well Eyidi 2 and Well Yi 10
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Table 5 X-ray diffraction component statistics of clay in Shuijingtuo Formation of Well Eyidi 2 and Well Yi 10
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58 KPE 3 112 6.1 42 0.9
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K= 16
e k=B 27.3 11.8 7.5 7.9
2 8.3~54.7 3.6~33.3 1.7~12.6 24~11.9
K Bk
k=B 2 37.6 20.6 8.9 8.3
o 2.7~46.0 7.6~25.8 3.6~20.1 0.4~8.1
KB 23 327 19.3 11.8 32
1.9~12.8 0.8~4.5 1.0~5.6 0.1~2.7
58 KPREL 7 3.9 1.5 1.9 0.5
H K=ZB 1 22.6 5.4 12.4 4.7
10 . 12.0~15.1 3.7~4.5 5.5~7.7 2.5~4.1
3 KB 3 13.8 41 6.5 32
- 8.0~11.5 3.2~47 3.0~6.0 0.8~2.1
KB 5 9.6 3.8 44 14
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Fig.4 Frequency distribution diagram and statistical histogram of porosity and permeability of Yanjiahe—Shuijingtuo Formation in
Well Eyidi 2
a—Porosity distribution frequency diagram; b—Porosity statistical chart of each layer; c—Permeability distribution frequency diagram; d—Permeability
statistics of each layer
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Fig.5 Scanning electron microscope photos of typical organic and inorganic pores of Shuijingtuo Formation shale in Yichang area
a, b, ¢, d—Organic pores; e, f, g, h—Inorganic pores
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Table 6 Field analytical data of Well Eyiye 1

EIEl B /m RIS () PURARS (m/) BEAE/ (m') WA A% MR B o5 B /%
CY-1 1762.38 0.221 0.0937 0.315 29.78 70.22
CY—2 1763.78 0.404 0.271 0.675 40.10 59.90
CY-3 1766.57 0.297 0.127 0.424 29.90 70.10
CY—4 1772.54 0.294 0.169 0.463 36.53 63.47
CY-5 1775.74 0.334 0.258 0.591 43.59 56.41
CY-6 1777.56 0.203 0.122 0.326 37.57 62.43
CY-7 1780.05 0.258 0.161 0.418 38.38 61.62
CY-8 1782.74 0.226 0.104 0.330 31.60 68.40
CY-9 1790.17 0.551 0.212 0.763 27.82 72.18
CY-10 1791.56 0.446 0.165 0.610 26.95 73.05
CY-11 1792.02 0.415 0.206 0.621 33.18 66.82
CY-12 1792.51 0.558 0.189 0.747 25.31 74.69
CYy-13 1793.97 0.434 0.145 0.579 25.02 74.98
CYy-14 1795.70 0.553 0.188 0.741 25.35 74.65
CY-15 1804.91 0.539 0.179 0.718 24.96 75.04
CY-16 1809.14 0.750 0.271 1.02 26.52 73.48
CY-17 1809.73 0.922 0.378 1.30 29.08 70.92
CY-18 1813.01 0.980 0.409 1.39 29.45 70.55
CY-19 1814.32 0.608 0.155 0.762 20.30 79.70
CY-20 1816.48 0.663 0.151 0.814 18.56 81.44
CY-21 1820.02 0.607 0.191 0.798 23.99 76.01
CY—22 1821.88 0.943 0.265 1.21 21.90 78.10
CYy-23 1823.68 1.07 0.654 1.72 38.02 61.98
CY-24 1826.79 1.41 1.17 2.57 4533 54.67
CY-25 1828.89 1.06 0.476 1.54 30.96 69.04
CY-26 1831.42 1.03 0.348 1.37 25.28 74.72
CY-27 1833.05 0.925 0.263 1.19 22.16 77.84
CY-28 1835.45 0.948 0.328 1.28 25.69 74.31
CY—29 1837.69 1.12 1.07 2.19 48.88 51.12
CY-30 1839.52 1.20 0.933 2.14 43.68 56.32
CY-31 1841.24 1.30 1.05 2.35 44.59 55.41
CY-32 1843.20 1.41 1.32 2.73 48.33 51.67
CY-33 1843.75 1.17 0.836 2.01 41.62 58.38
CY-34 1846.47 1.40 0.833 2.23 37.29 62.71
CY-35 1849.14 1.35 1.10 2.45 44.84 55.16
CY-36 1851.22 1.39 1.23 2.63 46.96 53.04
CY-37 1853.31 1.44 1.13 2.57 44.14 55.86
CY-38 1854.35 1.69 1.67 3.36 49.66 50.34
CY-39 1856.64 1.53 1.56 3.08 50.46 49.54
CY—-40 1858.72 1.50 1.82 3.31 54.79 45.21
CY—-41 1860.51 1.57 1.31 2.88 45.45 54.55
CY—-42 1862.43 2.38 2.39 4.71 50.10 49.90
CY-43 1864.60 2.72 2.76 5.48 50.34 49.66
CY—-44 1866.06 1.93 1.84 3.77 48.83 51.17
CY—45 1868.43 1.71 1.57 3.28 47.71 52.23
CY-46 1870.84 2.62 2.21 4.83 45.80 54.20

RS X LBRE N 5.5%, KA R 25%;
QR W W& w= I/ NT 50%, TUA S K% TOC
T EE | AL IR REL R
JESFZ R N R A2 (7K 12, 2023) o (H BARER X
REAE I TUA X, TEIX LA S EEEAR — Y 15 5
N, S BRI, B E s i
—E R, WARWIXE S AR A RE T BB HT X
SeLE R . AR SCREK VR4 v & PR e
RKEMIAHUT 4 DHUBTHR:

(DAY E ERREE . A LR S R 00U
TN ) — BB R, BRE TUA AR Y i
fith, PR DU ) A i B, 2 A W B 3R
Z—, P T IR B SRS, 12 TUA FLBR 23 1]
HOMMETERN R Z —, Yo T 0UA Wi 2 <R e
J1o WRFRERW, TR &S E RO T EA L
Wk & & (Curtis et al., 2012) .

IKIEH VUA B DUA A BLR & 38 K, T
SEEMAEREAWIE R (P IS, 2019)
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Fig.8 Relationship between gas content and TOC in field
analysis
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(2) Wat ™y Ll . DUA TR A TEHLE P 2
BUNEE L AR A, A X R ARk 5 )
T DU I FLBREE G, $E T 52 T AR A I R
(Fathi and Akkutlu, 2009) . B U5 % 8 A1 5 FIA: P %
PRI A ok o A 2 T TP DL A e 2R Rl R
Ji& A5 h W Uk, HLARCFN fb 2 B AR R e , £ DT
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DU, 3 1 AS [R5 e 22 25 T LA T i
HREENX,

FEE EHLIX, FERRKIFTE A N R AU ]
LKA A (RITTE A, 2017), SR 0UHE
AHEERAE 12.5%~44.4%, 314 26.63%, T &
i, TOC i 5a 5 & i B IEASCHE (& 9),
P2 A G 2B R AT 3K 0.67~0.71, WK | FE R
FOKIeH TUARERT & S 5 A VLTS UIAE G, £
FRIE AT e 5 AE Y ERTA G

LC A G B A 1 i A A, TS DL
ELANPLUS il J i B8 & DU 2 A0 S i H 4
FLFE 0.2%~6.22%, 3R 2.55%, EE0" 54 HL%R
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S BIEMKEERE9), HKERE R 7] ik 0.82,
P A R AR TR 938 I A S5 8 A 18 HLST )
TRAF . FD USRI, B 2 2 2R i A
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HAbw- Py, SRR S L. iRtk
YE BB RN E, S &M, AR ES
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Fig.9 Correlation analysis diagram of brittle mineral content and gas-bearing property in Well Eyiye 1
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Fig.12 Preservation mode of Cambrian shale gas "basement—controlled reservoir" in Well Yiye 1 (after Chen Xiaohong et al., 2018)
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