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Abstract: This paper is the result of oil and gas exploration 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 characteristics and hydrocarbon generation center
distribution of the dark shale of Jiusi Formation 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] (1) The
drilling thickness of Jiusi Formation in the well GWD-2 is 1148.67 m, according to the characteristics of rock combinations, the
Lower Carboniferous Jiusi Formation can be divided into two members and five sub—members. (2) The dark shales are mainly
distributed in the first member of Jiusi Formation, which are mainly composed of tidal flat by delta and shallow shelf facies deposits,
the cumulative thickness of shale is 525 m, the cumulative thickness of shale with TOC value greater than 1% is 425 m. (3) 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 II, kerogen and III
kerogen, the organic matters are in the early stage of over maturity. (4) It is predicted that the subsidence center of Jiusi Formation 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 300 m. 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
Formation 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.

Key words: dark shales; Lower Carboniferous; marine—continental transitional facies; subsidence center; hydrocarbon generation
center; Yadu—Ziyun—Luodian aulacogen; oil and gas exploration 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 Yangzi Platform and stratigraphic column
of Lower Carboniferous of Liudongqiao profile in Weining County, Guizhou (a after Wang Shangyan et al., 2006 and Han Wei,
2010; b and ¢ modified from Bureau of Geology Guizhou Province, 1973®)
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 well GWD-2
a—Gypsum dolomite at the bottom of the Shangsi Formation (C,s), drill cuttings at a burial depth of 516-517 m; b-Mud crystal bioclastic limestone in
the top of the Yanguan Formation (C,y), with fragments such as foraminifera and brachiopods, drill cuttings in a burial depth of 1705-1706 m;
c—Parallel bedding and low angle oblique bedding (arrow) developed in fine sandstone (C '), rock core in a burial depth of 1393.29-1393.37 m;
d-The contact surface between fine sandstone and silty mudstone (C,j'), and bottom erosion structure, rock core at a burial depth of 1392.11-1392.18
m; e-Grayish white quartz powder—fine sandstone (C,j') mixed with black millimeter grade coal line, with vein like bedding, rock core in a burial
depth of 1463.34—1463.39 m; f-Dark organic rich shale (C,j') with gray white siltstone bands and lenses (arrow), rock core in a burial depth of
1465.53—1465.37 m; g-Siderite sandstone (C "), bryozoan partition replaced by siderite, mono polarized, TOC 1.33%, rock core in a burial depth of
1467.10 m; h-Gray granular limestone (C /%), with bright crystal crustaceous bioclasts, rock core in a burial depth of 960.71-960.77 m.
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Fig.3 Oil and gas geology column of the Lower Carboniferous Jiusi Formation of well GWD-2 in the NW section 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—Marlstone; 10-Argillaceous siltstone; 11-Limestone; 12—Bioclastic limestone; 13—Gypsum dolomite; 14—Chert bands limestone; 15—Coal,
16-Bottom erosion; 17—Vein like bedding; 18-Lenticular bedding; 19—Parallel bedding; 20-Horizontal 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 well GWD-2
a-Complete bivalve fossils in the dark shale layer (C,j'), TOC=1.74%, rock core in a burial depth of 1468.65 m; b-A large number of plant rhizome
fossils on the dark shale layer (C,j'), TOC=4.53%, rock core in a burial depth of 1463.30 m; c-Deep black bright coal seam surface (C,;') with strong
luster and low brittleness density, rock core at a burial depth of 1463.39 m; d—Carbonaceous shale with a small amount of calcite (C,/'), brachiopod
fossils (arrows), and horizontal lamellar structure, TOC=1.63%, drill cuttings in a burial depth of 1186-1188 m; e-Dark calcareous and silty shale
with layered structure (C,/%), TOC=1.08%, drill cuttings in a burial depth of 782-784 m; f-Silty shale with horizontal layered structure (C,j'), with
randomly distributed fine banded plant carbon fragments (arrows), TOC=1.47%, drill cuttings in a burial depth of 1564—1566 m; g—Dark shale with a
dense structure, organic matter distributed in fragmented or banded shapes, TOC=1.74%, rock core at a burial depth of 1468.75 m; h-Fragmentary
organic matter filled with siderite in dark silty shale (Cy'), with a small amount of pores, TOC=0.97%, rock core in a burial depth of 1467.20 m;
i—Microscopic characteristics of kerogen components extracted from dark shale whole rock, rock core in a burial depth of 1461.30 m
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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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Table 1 Statistics of TOC, Ro and rock pyrolysis of Lower
Carboniferous Jiusi Formation dark shale and coal in the

well GWD-2
. T TOC/ Rol S/ S/ T/ (S5
Y/I\}#/ | d_ 1 2 max/ 1 2
im EE T, (mg/e) (mgle) C  TOC

=
138840 Tl 129 231 0.05 0.11 559 12.5
1462.10 Ti& 266 246 001 023 558 9.0
1463.30 Tl 453 242 0.02 039 554 9.0
1463.39 MAE  18.02 248  0.06 1.58 553 9.1
146530 T/ 133 244 001 0.12 552 9.8
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146720 Ti& 097 234 0.0l 0.09 554 10.3
1468.00 Ti& 160 238 0.0l 0.13 554 8.8
1468.75 T/ 174 249 0.02 0.15 554 9.8
1469.30 Tl 152 254 0.02 0.13 554 9.9

PR . TR T3 IH—B TOC=1% PR FE R 7
iy BREE K 360 m, TOC=2% Ve 7 A 1Y BRI
12 50 m(1& 2) .

52 [HZE

TR I 5 R T A AR TH B AT A i b, 2
BLAE AR O B, IS 05 T U DA S KA 3
AR, EECONIEH A AU . 0 BRE
SE TOC A T 0.64%~1.28% (3% 1), F-HI1{E K
1.11%(n=8) .

R A8 1H — B A6 J5 0T 7 0 R %o v (0 5 48 FL L 36
FUIR S AR 15 e BH 3R AR AE, 275 AR AR
A iy 2590 284307, TH B s 0, 00 2 P B A o ¢
N, BTy 85 m(IE 2), e Hi LAY 19% At 56
TOC S A H: th 26 43T, AR 250 A 2

TOC = 0.0234 X GR+0.2856XDEN - 0.1  (2)

Horfr GR 28 A SR 0 (5, DEN k%% B I 5
. HETRIH B TOC=1% WA ) B
12 65 m(1& 2), IHZBriJé Tk Vi i) SR FRUEE B A X
BN,

6 XTHERFLILR

TORR 7 1 1 A= 9 v 43 ) T 3 AR T B A 43
1 (A 5, 20055 KRR, 2008; 47°F-45, 2021),
Pk o 5RO ZE LR B IARDE, iR
O SR AL LA, W R ook ER
TURE L (RHLPE, 2008; FREFESE, 2016; & KIEAE,
2021; Patrick et al., 2022) . Hp 4588 24 FaFE LG EE T
ARG IR O R JRAT, I TR R ARG

W, MR X IR A TR 1R () T B R
6.1 RREEERH

HE 5% ZL 0GR A e e H &l 4H ) DURURE 22 3]
NW-SE A7) A GURR W 2445 6, DO 28, ) I
AH S PR B R AIE (28 3258, 20165 HH AR S AN A% B 4%,
2016; JREEESE, 2021; Yuan et al., 2022), A SCEEE
T2 S4B A 0 VG B TH R 2 4 A 0 Fn 2 8 Sk Y
DURRAH 3 M7, 224 1 1H w41 00 AR F 1 R A &
(B 6). XNTUFAH EMA 2B NW-SE AT, I+
A = A YN A 2 53 A A 4 30 i R A A DT AR IX I,
KB RFEAFN = F AR B BRI T BOK DU
)R B F U A G A P, ok 2 GWD2
Fr—F B 1 H—ZK2 H— S — M A — 2
AKHE 1 It (B 6), il & F & fE A 2 ol % K
IR TR

ZEAA TR S A A6 VG B b 250 T A H ) 1w e
BE et T IH R A2 R (3 2), S KH)Z R
£ 1000 m, H: 4 GWD2 HJE 1095 m, 75 Hi A7 1] i
JE£ 992 m, Bk HE 1 HE 1002 m(BFAHFRSE, 2021) .
Y GWD2 R A 5 45 1H 7 41 )2 R 43 % F 34
(11 2), 1H— B B2 i 8 s o T 1H g, 400 5 i
1 HA1 ZK2 10 7 2 b )2 B BE L AE 1000 m 2245
(11 7)), i DX PRy JHC Al ) 1 sl 8 %) T ) 2 b )2 R
B/NF 700 m(3 2), BRI TH & 410 )5 B oo
KEUF GWD2 H—3 g 1 H—ZK2 H—7< i
W —HEAE R — 25K L 1 —48, SRR P A IH R 4
HZ R 1000 m 247 . 2 BiRGr ik, TH
AATFER O SEEROES, DIEP O EH
NW-SE [ 45 R i

ARG T TH R AL U 5T R0 e AR 1 TR
BE(F2), db Vs pg GWD2 J 10 ] 4H I8 1t A R
525 m, JRHb LK 46%, TOC=1% I ke I A iy B
FRUSLEE AT 35 425 my B AR i 1) 6 7K b 1 I U T4 TR
418 m, JeHh L2 42%, TOC=1% e i J2 I A ) 2
HUELRE AT 3k 279 m(BRAHFRSE, 2021), S50t 1 H-4%
NG GURR AR A 0 8l 58] T L #, GWD2 - FiE
Kb 1 IR RIS R B E R R (R 2) . &
A, FR 4l 1 48 % 245 R b P BT R Hh o0 B i
TOC H& [0 %F Fb A (& 7)), UESE T U0 RO g e i
JR A R R, HETRE oL [H R 48 iU TS R 1
KT 400 m,

http://geochina.cgs.gov.cn F1 E M1 5T, 2024, 51(6)


http://geochina.cgs.gov.cn

IS 4 TR S SE R PY BEGWD2 A 5 4e 1H R4S €0 50U & B R AE B Lt

ES51EHEW

R R AR 2011

103°30" 103745 104700

104713° 104°30° 10047435"

27
on*

26°
50°

26°
400

0 4 8Bkm
-_——

SN B e
]B B [e]s [@]7 [A]s

27
10

()

26
50"

26°

[0’

035307 103745 1042007

1047457

104715 1047307

Kl 6 LT AL VE BT A R S5 IH &) TR A E 1 R A B (P AR Fig i 4, 2016; FARFESE, 2021; Yuan et al.,
2022 &)
1— RS 22— a5 3— = I 4—TRK Rl S—RAK Bt il; 6— VA 5 7—Hh BVENFL; 8—Hh & imi
Fig.6 Sedimentary facies plane distribution map of Lower Carboniferous Jiusi Formation in the NW section of
Yadu—Ziyun—Luodian aulacogen (modified from Tian Shuofu and Yang Ruidong, 2016; Lu Shufan 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
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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 et al., 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-Marlstone; 12—-Argillaceous siltstone; 13—Limestone; 14-Bioclastic
limestone; 15—-Anhydritic dolomite; 16-Dolomite; 17—Coal

) TOC A/ F 1.0%~1.5%. IHRIAIRBUARIEARE T ARRR 0% DU b 0 — e TR AR b (Bt
i AR R 7 (S +S,) 40 A T 0.10~1.75 mg/g, A48 P4, 2012; 455, 2021), HoA KR f Ak i i
Wi (S,+S,)/TOC by 7.2~41.9 mg/g, Z =M Ls2  HIAHXTRAR . ARG F2 2k W45 (2008 ) F B 2 °F 45
Wi, S,+S, AN RE VR S A ks 1, (H S R R (2012) T [ R 5 SR TR A A R v A BB 5 i

http://geochina.cgs.gov.cn H1E LT, 2024, 51(6)


http://geochina.cgs.gov.cn

IS 3T 5 2 2R AL TG BE GWD2JT T A1 5 Gt IH R4 B (0, BUE R 5 R K T

5551 % 5 o i

A AR

2013

x2 WEFHARELERE TARE RRAAMEEEMERENEEESIT
Table 2 Statistics 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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Table 3 Evaluation criteria of the generation potential in
the Upper Paleozoic argillaceous source rock (after Liang
Digang et al., 2008; Chen Jianping et al., 2012)
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Fig.8 Thickness prediction map of the Lower Carboniferous argillaceous source rock (TOC=1%) in the NW section of
Yadu—Ziyun—Luodian aulacogen
1-Paleo-uplift; 2—Prediction thickness contour (m); 3-Thickness of argillaceous source rock (TOC=1%)/thickness of shale; 4-Survey well;
5-Geothermal borehole; 6-Surface profile
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