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Abstract: This paper is the result of Shale gas geological survey engineering.
[Objective] Dark shales in Lower Carboniferous upper are widely distributed in the Yadu-Ziyun-Luodian

aulacogen, the upper Yangtze Platform, and its thickness varies greatly. In particular, the development
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characteristics and hydrocarbon generation center distribution of the dark shale of the Jiusi Fr in the northwest
section of the rift aulacogen are not clear. [Methods] The strata, sedimentary facies, dark shale distribution and
organic geochemical characteristics of Jiusi dark shale in well GWD-2 are studied in detail by the logging, core
observation, rock thin-section identification, kerogen type microscopic identification, TOC, vitrinite reflectance
measurement and other experimental test data. And the following research results were obtained. [Results] First,
the drilling thickness of Jiusi Fr in the well GWD-2 is 1148.67m, according to the characteristics of rock
combinations, the Lower Carboniferous Jiusi Fr can be divided into two members and five sub members, Second,
the dark shales are mainly distributed in the first member of Jiusi Fr, which are mainly composed of tidal flat by
delta and shallow shelf facies deposits, the cumulative thickness of shale is 525m, the cumulative thickness of
shale with TOC value greater than 1% is 425m. Third, The TOC value of Jiusi shale of the well is concentrated in
the range of 1% ~ 2%, the type of organic matter is mainly type I, kerogen and 111 kerogen, the organic matters
are in the early stage of over maturity. The last, it is predicted that the subsidence center of Jiusi Fr is distributed in
a long strip with NW-SE direction, and the distribution of hydrocarbon generation center is consistent with the
subsidence center. The thickness of argillaceous source rock with TOC value greater than 1% can reach more than
300m. The hydrocarbon generation center has the hydrocarbon generation conditions of argillaceous source rock
with huge thickness, good organic matter type and high degree of thermal evolution. [Conclusions] It is concluded
that the shale of Lower Carboniferous Jiusi Fr in the hydrocarbon generation center of the northwest section of
Yadu-Ziyun-Luodian aulacogen has considerable hydrocarbon generation intensity and total hydrocarbon
generation, and has good natural gas exploration potential.

Keywords: Dark shales; Lower Carboniferous; Marine-continental transitional facies; Subsidence center;
Hydrocarbon generation center; Yadu-Ziyun-Luodian aulacogen; Shale gas geological survey engineering
Highlights: Based on the comprehensive analysis of the geological characteristics of the thick dark shale of the
Lower Carboniferous Jiusi Formation in the well GWD-2, the distribution of the subsidence center and

hydrocarbon generation center of the Lower Carboniferous Jiusi Formation was predicted.
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Fig.1 Geological sketch of northwest section of Yadu-Ziyun-Luodian aulacogen in Upper Yangziya and
stratigraphic column of Lower Carboniferous of Liudonggiao profile in Weining county, Guizhou (Figure A after
Wang et al. (2006) and Han (2010); Figures B and C are modified from the 1:200000 regional geological
investigation of Weining map)
1-Cambrian;2-Ordovician

-Silurian;3—-Devonian;4—Carboniferous;5-Permian;6-Triassic;7-Jurassic;8-Paleogene-Neogene;9-Quaternary;10-Fault;11-Survey

well;12-Geothermal borehole;13-Surface profile;14-Place name;15-Carbonaceous shale;16-Mudstone;17-Coal, 18-Siltstone;19-Fine
sandstone;20—Argillaceous siltstone;21-Bioclastic limestone;22-Calcarenite;23-Siliceous limestone;24-Biogenic

limestone;25-Dolomite;26-Brecciated limestone
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Fig.2 Typical photos of stratigraphic and sedimentary characteristics of the Lower Carboniferous Jiusi Formation

in the Well GWD-2

(a) Gypsum dolomite at the bottom of Shangsi Formation, orthogonally polarized, drill cuttings at a burial depth of 516-517m; (b) Mud
crystal bioclastic limestone at the top of the Yanguan Formation, with fragments such as foraminifera and brachiopods, unipolar, drill
cuttings at a burial depth of 1705-1706m; (c) Parallel bedding and low angle oblique bedding developed in fine sandstone (arrow), Cij,
rock core at a burial depth of 1393.29-1393.37m; (d) The contact surface between fine sandstone and silty mudstone, and bottom erosion
structure, Caj*, rock core at a burial depth of 1392.11~1392.18m; (e) Grayish white quartz powder-fine sandstone mixed with black
millimeter grade coal line, with vein like bedding, Cij*, rock core at a burial depth of 1463.34~1463.39m; (f) Dark organic rich shale
with gray white siltstone bands and lenses (arrow), C1j1, rock core at a burial depth of 1465.53~1465.37m; (g) Siderite sandstone,
bryozoan partition replaced by siderite, mono polarized, TOC=1.33%, Cj*, rock core at a burial depth of 1467.10m; (h) Gray granular

limestone, with bright crystal crustaceous bioclasts, Cyj2 rock core at a burial depth of 960.71~960.77m.
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Fig.3 Oil and gas geology column of the Lower Carboniferous Jiusi Formation in Well GWD-2 in the NW section

limestone;15-Coal;16-Bottom erosion;17-Vein like bedding;18-Lenticular bedding;19-Parallel bedding;20-Horizontal

of Yadu-Ziyun-Luodian aulacogen
1-Carbonaceous mudstone;2-Shale;3-Mudstone;4-Calcareous mudstone;5-Siltstone;6-Silty mudstone;7-Lime siltstone;8-Fine
sandstone;9-Marl;10-Argillaceous siltstone;11-Limestone;12-Bioclastic limestone;13-Bioclastic limestone;14-Chert bands

bedding;21-Siderite concretion;22-Plant fossil;23-Brachiopods;24-Crinoid stems;25-Bivalves
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Fig.4 Typical photos of source rock of the Lower Carboniferous Jiusi Formation in the Well GWD-2

3

(a) Complete bivalve fossils on the dark shale layer, TOC=1.74%, C;j*, rock core at a burial depth of 1468.65m; (b) A large number of
plant rhizome fossils on the dark shale layer, TOC=4.53% ,C;j", rock core at a burial depth of 1463.30m; (c) Deep black bright coal

seam surface with strong luster and low brittleness density, Csj*, rock core at a burial depth of 1463.39m; (d) Carbonaceous shale with a



small amount of calcite, brachiopod fossils (arrows), and horizontal lamellar structure, mono polarized light, TOC=1.63%, Cyj*, drill
cuttings at a burial depth of 1186-1188m:; (e) Dark calcareous and silty shale with layered structure, unipolar light, TOC=1.08%, C4j?,
drill cuttings at a burial depth of 782-784m; (f) Silty shale with horizontal layered structure, with randomly distributed fine banded plant
carbon fragments (arrows), in single polarized light, TOC=1.47%, C;j*, drill cuttings at a burial depth of 1564-1566m (g) Dark shale
with a dense structure, organic matter distributed in fragmented or banded shapes, in argon ion polishing scanning electron microscope,
TOC=1.74%, rock core at a burial depth of 1468.75m; (h) Fragmentary organic matter filled with siderite in dark silty shale, with a small
amount of pores, in argon ion polishing scanning electron microscope, TOC=0.97%, C4j, rock core at a burial depth of 1467.20m ; (i)
Microscopic characteristics of kerogen components extracted from dark shale whole rock, in transmitted light, C,j*, rock core at a burial

depth of 1461.30m.
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Fig.5 TOC numbers frequency diagrams of the Lower Carboniferous Jiusi shale in Well GWD-2 (n=55)
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Fig.6 Sedimentary facies plane distribution map of Lower Carboniferous Jiusi Formation in the NW section of
Yadu-Ziyun-Luodian aulacogen (modified from Tian et al. (2016), Lu et al. (2021), Yuan et al. (2022))

1-Paleo-uplift;2—Shore facies;3-Delta facies;4-Shallow shelf;5-Deep shelf;6—-Survey well;7-Geothermal borehole;8-Surface profile,
9-City
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Table 2 Statistical table of stratum thickness, shale thickness and argillaceous source rock of the Lower

Carboniferous Jiusi Formation in the NW section of Yadu-Ziyun-Luodian aulacogen
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Fig.7 Correlation diagram of Carboniferous Jiusi hydrocarbon generation center in the Yadu-Ziyun-Luodian
aulacogen (well location and profile location in Fig.1, the data of well Qianshuidi-1 after Chen Xianglin (2021),

the stratigraphic division plan of that has been revised by authors)

1-Jiusi Formation Lower section;2-Jiusi Formation Upper section;3-Carbonaceous mudstone;4-Shale;5-Mudstone;6—-Calcareous

mudstone;7-Siltstone;8-Silty mudstone;9-Lime siltstone;10-Fine sandstone;11-Marl;12-Argillaceous

siltstone; 13-Limestone; 14-Bioclastic limestone; 15-Anhydritic dolomite; 16-Dolomite;17-Coal

i LR IH R ARG UORRAR . M2 AT LA S U A FEATRFAE 70 i, = R &
NW-SE [A @A, JiREF L RAIIUA EEER. AHURS EmEAE, BosIHmAiEdos
AE L AT AR — B B AORE, BRI AR RJE KB, B ERICE R R
KHEFE; ArEEEREEER T E (SW-NED B G TUE R AR, BAE O
[ P R i, B RERIA AR K (8D .

LREHER D AR AL VY BN AR GE IH w4 B A 2R I T Y TOC sk s 70, TOC
= 1938 TUS FE B TR TUE SRR S EE, R25ELE 70%~80%IX (8] Y, PRI b2 HEDI e



RS (TOC=1%) [P EATRHME 5 IR TUA BATRHEREA — 80, AR O e iR IR
& (TOC=1%) JEJZ KT 300m, A=k eofE~F i b5 NW-SE [ KR A, K4 110km,
% ) 15km, GWD2 F A7 FAE kOt dbvhm (1 8) .
6.2 HJRRE Il

2 1 rb [ 7 Ve R A A ALK R PRAB0.5% CR2AKNI%E,2008; [k 145,2012) , ff
Fo X T ARG IH RIS (e TUA 48 K0 (£995%) A TOC=0.5%, A% b4 ik 3k s
IR AChRE, (ERIE AR — K, K (Z160%) £ HITOCH T-1.0%~1.5%
Z ], [HE PR TE BIRE R AR )1 (S1+S,) 246 10.10~1.75 mg/gZ [], AR
B (($1+S)ITOC) 734 F7.2~41.9 mglg, 32 HEILTEN, Sy + Sy fE A REHER, S AR kil
73, 8 5 [RIAF e P AR P 1) DY 1| 22t e - SR 2 AH B (R A48, 2012; #5745, 2021),
HARERE SIS B S AR B . IR ZEAKRISE (2008) MR T4 (2012) KT [EH R
T7 RS RIS AN S & (TOC) sl (R3) , NAKRSGIHRIH A RS
FEJE T RIS .

# 3 Bl AR FUR R IE R S PPN S R b (HESEAK NI 45 (2008) FTR £ 145 (2012))

Table3 The evaluation criteria of the generation potential for the Upper Paleozoic argillaceous source rock (after
Liang Digang et al. (2008) and Chen Jianping et al. (2012))
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