CHETE I R wOAROKR A G Bk B 2 RO Vol.54 No.4
2024 4 7 A Journal of Jilin University(Earth Science Edition) July 2024

WA L B W L S SRVE L IX g R ORRE L B AU A A S B S R R AR T MO 2 2 i (MR B AR L 2024, 54 (4)
1154 - 1176. doi:10.13278/].cnki.jjuese.20230076.

Xie Tong, Chen Wei, Pan Shiyang,et al. Lithofacies Types and Reservoir Characteristics of Gas-Bearing Shale of Permian
Dalong Formation in Western Hubei. Journal of Jilin University (Earth Science Edition) ,2024,54(4):1154 - 1176. doi: 10.
13278/j.cnki.jjuese.20230076.

SPPEHLIX & R KB &R
e AR i J2 AR

i%ilL i\—m’.l?]%:‘ Exl?\]é&i%\]iZ,Eﬁl@}gA’E /16195&}&%19%1; iﬁ]‘l’/ﬁr:/:i\:? !
13514048 b ST R A5 e, )RIX 430034
2. 3519048 B S 56 A o 3R 430034
3. o] b TR A B R AR e, 5L 430074
AR S AR IR W A R O M R ) LRI 430074

BEAFRATOUE L= FRREASA T E M ERfo il B4, A ARG R 867 &3 2
FEEFECHRR S FE AR X EITH A EF %5 H (XRD) EA BB (TOC) & 4 Hm & AR A
HEMR)ME TR, B EAHEHEE(FE-SEM)WE . CO, 7 N, RH £ R EALETMNE ME
AEMNEFFEFREOHRL, 2REF.HRHAR S RAXBUIZEAFTOEMERNGEE T L. 4
IRER B RS R ER SR AT L RAERERMEIREAANER T s RGO EMEL X kA
TMELMER ZH BAFALTRT ALEITEZOLRARPLREGR; SANE RS HE LT Y AA T
MEANBERTEPHRILEGLA<S O M 2R E S . MILRNLFPHERALLSATHELA
BRI, AEREFRANBRES>BARF AL B R AREAREFNAFE B LI RAR MR
xR EMAN ERBEMER . BREAN . EREAR L EMER, B 23 1241.0~1 2504 m
FBEARBA IR, REMREAEARPANBRESBALZANKEAGAN RS ETAGEET Hf
KGEZRAZGERNLER AT R FLEFARANAGENEILRA,

KB . TFER; KEA; R EEH; LM Ak E

doi:10.13278/j.cnki.jjuese.20230076 hE 5% S :P586 EARER A

Lithofacies Types and Reservoir Characteristics of Gas-Bearing Shale of
Permian Dalong Formation in Western Hubei

Xie Tong', Chen Wei', Pan Shiyang®, Shi Wanzhong®*, Wang Yi',
Zhang Yanlin', Duan Ke', Ren Zhijun'

WFs B #:2023 -03 - 30

YEE B A 58 (1990—) , 55, AR, 32 B\ 35 3k 5 M0 0l A< b 0T 8 A K DU A% 2 07 T A 5 E-mail: xie901126 @
163.com

BAEAEE PR (1990—) , 5 & G AR, 3 2 i <0t 5T 98 £ J7 1 19 F 5, E-mail: 317333356 @qq.com

E£MA :HEKARPEESTH (42130803) ; #1048 # SRR H ( KJ2023 - 16,KJ2023 - 14)

Supported by the National Natrual Science Foundation of China(42130803) and the Science and Research Project of

Hubei Geological Bureau (KJ2023 - 16,KJ2023 —14)



W PG M X TR AR R A U A A R B K R A 1155

1. Hubei Geological Survey, Wuhan 430034 ,China

2. Hubei Geological Research Laboratory, Wuhan 430034 ,China

3. School of Earth Resources, China University of Geosciences s, Wuhan 430074, China

4. Key Laboratory of Tectonics and Petroleum Resources (China University of Geosciences) s Ministry of Education ,

Wuhan 430074, China

Abstract: To study the lithofacies types and reservoir characteristics of gas-bearing shale in the
Upper Permian Dalong Formation in western Hubei area, the drilling cores of Endi 2 Well were taken as
the research object and analyzed by whole rock X-ray diffraction, organic carbon content, vitrinite
reflectance, kerogen microscopy, field emission scanning electron microscopy, carbon dioxide and
nitrogen physical adsorption experiments, shale gas content and trace elements. The results show that
the main lithofacies types of the Permian Dalong Formation in western Hubei include siliceous rocks,
clayey siliceous rocks and mixed siliceous rocks, and the clayey siliceous lithofacies has the highest
average organic carbon content. The shale of Dalong Formation has multiple pore types. Micropores and
mesopores contribute to the main pore volume and specific surface area of shale. High organic carbon and
clay mineral content are conducive to the accumulation of shale gas and the establishment of micro-pore
system (pore size <_ 50 nm) in shale, and the adsorbed gas in micropores and mesopores is an important
part of the total gas content. This paper established the evaluation criteria of Permian Dalong Formation
shale in western Hubei based on gas content and TOC. The results show that clayey siliceous lithofacies
and mixed siliceous lithofacies are [, class advantageous lithofacies types, siliceous lithofacies are I,
class advantageous lithofacies types, and the 1 241.0 =1 250.4 m section of Endi 2 Well is the “sweet
section” of shale gas. The relationship between trace elements and organic carbon content of shale shows
that the high organic matter content of Dalong Formation is the joint result of high productivity and
water reduction environment, and the high ancient productivity is the main reason for the enrichment of
organic matter.

Key words: western Hubei area; Dalong Formation; shale lithofacies; pore structure; gas-bearing

property;reservoir
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Fig.2 Comprehensive histogram of high gas bearing section of Dalong Formation in Endi 2 Well
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Table 3 Pore types and characteristics of Dalong Formation shale samples

LB A FLBRIE & K fLAR R 41 A REAE
-~ E N ESUN AN S 21N W F A KA A ]y
A
100~10 000 nm S5 Wt 1 UKL )
L (537 i A8 [0 O WRTFRfAa. O A . KAagsEy
i 50~300 nm Wy P R 3 %
B b3 IUINIIEIN T BRI A Bk 0 45 R R
P Lo BRI T SRR
50~1 000 nm W) J2 (]
1L
ToRLN Z I IR 2N R T L AL P
.
o o @ e
A EYINN I =P NI ToHL AL B WA LR
A HLFEAL LIHEFIA RS /NN =R /N . 75 Fif LB P FE B A LN
1~200 nm NEATR
BRLEIL , IR 4%,
[o& Z W T Wa kw4 ) Bh %

50~500 nm
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Fig.8 FE-SEM pictures of morphology and development characteristics in Dalong Formation of Endi 2 Well shale samples
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Table 4 Lithofacies, pore volume, pore specific surface area, mineral composition, and w(TOC) in Dalong Formation samples

. BET i ALBRIERL/ (10 Pem? /) L EER (m? /o) TR %
w0 e wwn wr mmam
E i L AL AL AL FAL %
m (m?/g) ) Y] )
1215.9 28.46 3.58 15.76 2.47 11.87  11.09 0.11 85.70 9.12 5.18 4.94
12225 S-2  38.52 7.25 24.59 1.71 23.83  16.43 0.07 66.84 8.83 2433 10.50
12229 S-3  20.33 5.16 15.95 1.85 16.06  10.05 0.08 60.16 5.89 33.94 3.46
12281 S-2  31.06 7.00 21.46 3.99 21.97  13.66 0.18 66.77  14.52  18.70 6.17
12442 S-2  51.89 1043  27.24 2.02 3440 20.83 0.08 69.04  24.51 6.46 13.41
1245.6 S-2  23.89 5.91 16.84 2.14 1777 1142 0.09 67.63  10.65  21.72 5.24
12492 S-1 5175  11.85  28.24 2.43 37.89  19.76 0.11 5711 38.36 4.53 14.27
# :BET } Brunauer,Emmett fl Teller =1 Bt %= Z (W 15 F R 414 BET W26 22 2 LB 30t 735 A 44 Rk 9 552 B I
a FLBRAEFL /(10 em?/g) b FLEER TR/ (m’/g)
0 10 20 30 40 50 0 10 20 30 40 50 60
1215.9 : : ' e 1215.9 : ' e
12225 ;g}ct 1222.5 ;g}ct
g 12230 g 1223.0
B 1228.1 12281
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Fig.9 Pore volume and surface area histograms within different pore diameter ranges of Dalong Formation shale samples
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Fig.11 Desorption experiment diagram of core from Dalong

Formation in Endi 2 Well
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Table 5 Desorption data of core in Dalong Formation

B LR ]/ RERIREE S BRI/ ffR /(103 m®) A/
e e
min m g W [ PRA B (m*/1)
JIX-1 28 1216.0 850 947 1175 246 2 368 2.8
IX-2 23 1222.6 660 1125 1498 262 2 885 4.4
JX-3 40 1223.3 625 822 1423 408 2 653 4.2
JIX-4 28 1224.6 660 468 1038 227 1733 2.6
JX -5 23 1226.2 915 662 950 177 1789 2.0
JX-6 29 1228.2 705 720 1376 226 2 322 3.3
IX-7 21 1229.7 540 434 1339 200 1973 3.7
JX-8 29 1231.4 595 397 586 258 1241 2.1
JX-9 21 1232.7 530 481 1161 208 1 850 3.5
JX-10 45 1233.4 390 489 643 396 1528 3.9
JIX-11 32 1234.3 645 379 584 259 1222 1.9
JX-12 24 1235.3 645 483 664 194 1341 2.1
JX-13 35 1237.4 790 470 1019 319 1 808 2.3
IX-14 23 1239.1 655 367 489 193 1049 1.6
JX-15 37 1 240.5 655 653 895 318 1 866 2.8
IX-16 24 1242.0 630 1197 2 247 298 3742 5.9
IX-17 51 1243.2 710 818 856 423 2 097 3.0
JX-18 35 1244.3 620 604 1147 333 2 084 3.4
JX-19 28 1247.2 620 542 960 246 1748 2.8
JX =20 22 1247.9 870 851 1536 191 2578 3.0
JIX-21 50 1 248.5 840 794 1656 490 2 940 3.5
IX-22 39 1249.4 725 558 1128 308 1994 2.8
JX-23 30 1253.1 700 559 753 285 1597 2.3
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FWT L FG Yk A LT BT B Y W AR R
2 I RBEL w (TOC) 5 F 5 P AR o $ 52 1E A 56
KRZUEMT = 5 L0 Wy R B0 B0 R T A L Y
W B AN PR AT

AR RO T B K AR T AR AR A B ) R
JEE U R R I A o A T R A AT 2 R TR D DT
FRERBE At 2 72 J3 K. NiZn F1 Cu 38 % 25 LR
T4 189 T8 A ARAEAE DT R b o L5 it 43 BT AR R T
WG IR ACHR AR . UL 2 S KRR,
Ni.Zn Al Cu i & 43 B0 Wz 4l ol A= 7= S h K 2
T003% W B A JL P AE 1 230.0 ~1 250.0 m JF B &

U.Mo.V I R E A JF &M N Kk %45
OB Sk, PRt 50 3R 0 4 43 5000] JH ok 48 7 K AR 1Y
AALE R B L G A — e n W A R AR R
AR H AL B TR AR AR, WMV / (V4N V/Cr .U/

x6 KEATEZRITMN

Table 6 Shale lithofacies evaluation of Dalong Formation

TOC

o
Iy
n

VN
FAHZE R w(TOC) /% T BERE/(m*/0 R
B4 TRE A 5.3~19.5/12.6(28) 12 1.9~5.9/3.6(6) I, 2
TR A B BT 2.6~13.4/9.0(26) I 2% 2.8~4.4/3.5(6) 2
E A 2.6~12.5/7.4(43) .2 1.6~3.5/2.5(9) IPES

H:1.6~3.5/2.5() LI/ ME~ I KNE/FEEFESEO . HARF .
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Th I Ni/Co fH", B A&k PF. V/(V + N <
0.4648 7~ KM AL T A AL R . V/ (VNI >0.60 4§
ARIKARAE T B R BE L, V/ (V4 N FE 0.46 ~0.60
Z [E 38 78 KR AL F R A AL BT 5 2 V/Cr=>4.25 I,
FER KRB Y V/Cr A F 2.00~4.25 Z Al if §7
TRKAKR A R 8, U/ Th>1.25 B8 7R 4 5 3R 5%
U/Th<C0.75 B4 78 AL 3085 5 24 Ni/Co<<5 B, 4§
NEAAEE  Ni/Co AT 5~7 Z A, 45 /R 75 A
B, Ni/Co=7 B, FE /R A A B, 40 B KB
A AR JEAE A (8 T ) AR fR R AE (GR 7, 81 13D,
Hrp V/(VHEND 5 U/Th {8 55 KR4 8 A PR
VU B o 42 Atk T (ol S50 14 38 JR A 8%, AN AE SR 6 46
HEAL-IERIAE ;1M V/Cr.Ni/Co {H i/~ K4
F2 A A T e B A TR R B L R A S ) )2 B AT AE T
P SR 3 D R B R A IR B K AR

G55 A AL 0T 4 BB 3, Bk 2 IR R

FE w (TOC) 5l A4 7 Jj 4845 NiiZn Al Cu JILHR
JoT i 43 B R B IE AR e (] 142) 5w (TOO 5
AL EAEFR V. Mo F1 Ni/Co (& 14b.,c) #5758 1Y
WHEERIEME XRS5 U V/Cr #1 U/Th {644
RE KRR R AR, 5 V/(VHENDE
JCEH A DG . BRI SR i X R R L v A LR
SR A 7R O K ORI TR 85 A 3 [ 45 AR Hop
e AR T R A LR A A T A

KEEA T FB(L 239.0 ~1 255.0 m) .0 Al
VIS B 358 22 K ¢ 06 B it 25 e 23, e 23 PR 2 TR
1~3 mm, BF 5% X S tH i 40 32 20k JE 1l il 55
FRRE M 0 Ll R A O R Y A R R, AR %
BRI 2R 7 ) 8, K AR R SR R DL R R
BT, T BUR 2 7K R b T 8 480 1 38 R R 855 A
BT A B 1 2 0 W B DR A T oK

®7T KEAMETIRHE

Table 7 Data of trace elements in Dalong Formation

w(TOC)/ wy/1076
B /m V/(V+Ni)  V/Gr U/Th Ni/Co
% Ni Zn Cu \ Mo U
1210.4 2.3 64.4 39.9 30.1 68.6 8.0 1.7 0.5 1.9 0.6 3.6
1215.9 4.9 108.5 58.7 57.8 513.1 211.9 18.2 0.8 7.9 10.0 8.0
12225 10.5 172.3 98.2 76.4 1293.6 483.4 17.8 0.9 10.0 9.5 10.8
1223.0 3.5 101.5 111.5 42.5 733.9 130.1 17.0 0.9 9.3 7.7 5.5
1223.2 12.7 155.0 113.9 71.6 1 207.3 466.0 23.3 0.9 10.4 5.8 10.1
1224.5 6.6 154.6 141.1 108.8 808.7 573.4 14.0 0.8 6.3 1.7 10.1
1226.1 3.2 78.6 53.0 42.9 408.6 109.0 9.2 0.8 7.5 4.8 6.3
1228.1 6.2 145.0 145.4 87.1 723.3 46.8 8.8 0.8 4.6 1.7 8.0
1229.6 5.5 104.6 76.2 54.5 483.4 173.8 56.9 0.8 5.7 15.5 7.3
1 231.3 8.6 212.4 109.0 93.1 1 383.0 337.1 24.2 0.9 8.0 8.0 11.8
1 232.6 2.6 83.1 81.8 49.5 416.5 37.1 39.3 0.8 5.8 8.1 5.2
1233.2 10.3 236.3 167.9 114.3 1.956.4 774.2 40.2 0.9 5.0 1.8 13.0
1233.3 10.4 254.9 183.7 87.2 1.870.9 699.3 38.1 0.9 6.2 2.0 18.4
1234.2 5.3 164.3 159.9 116.6 1 062.5 131.3 10.3 0.9 4.6 1.5 9.5
1 234.5 11.2 284.5 246.5 145.6 2 098.7 953.7 39.9 0.9 5.0 5.9 13.3
1235.2 7.6 134.5 82.6 101.3 1173.8 150.5 11.9 0.9 4.8 3.5 5.7
1235.7 11.5 292.6 180.2 144.2 2121.4 972.8 18.0 0.9 4.9 2.5 11.2
1 235.9 0.3 34.7 345.3 12.6 41.7 16.0 2.1 0.5 0.1 2.7 4.9
1 236.9 1.5 69.3 188.0 49.6 742.0 56.4 16.2 0.9 11.8 0.4 7.7
1237.2 4.6 122.2 68.2 53.2 722.6 77.0 15.5 0.9 4.6 5.8 3.9
1239.0 2.6 120.7 61.3 37.6 658.5 155.7 8.2 0.8 6.4 3.4 3.1
1240.4 5.0 91.9 60.3 36.3 304.2 14.5 3.2 0.8 3.1 1.4 3.9
1241.0 10.7 227.8 157.8 89.7 1437.6 298.6 16.8 0.9 6.0 2.3 6.2
1241.9 2.9 171.5 149.8 134.1 1478.2 126.5 6.6 0.9 5.6 1.2 9.0
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SEHR T
w(TOC)/ wy/107°
YEJE /m V/(V+ND  V/Gr U/Th  Ni/Co
% Ni Zn Cu v Mo U
1243.1 10.4 102.4 102.4 88.2 11112 138.7 17.4 0.9 8.0 4.7 8.0
1243.5 11.0 183.1 170.5 166.2  1177.9 128.2 10.1 0.9 3.6 1.1 9.5
1244.2 13.4 234.3 174.7 178.8  1799.7 99.6 10.1 0.9 4.7 1.8 9.4
1245.6 5.2 146.1 100.3 71.1 872.5 10.6 1.5 0.9 1.2 1.1 6.8
1247.1 9.4 164.5 135.5 104.2  1172.3 73.5 6.5 0.9 3.4 1.4 7.3
1247.4 2.3 108.0 385.8 66.6 15215 12.1 169.7 0.9 10.6 3.3 7.9
1247.8 7.0 185.7 119.8 81.0 536.1 30.0 8.3 0.7 3.1 1.2 8.2
1248.4 10.9 250.1 183.9 138.3  1150.8  136.0 7.7 0.8 3.6 1.6 9.1
12149.2 14.3 378.0 280.1 229.9 762.4 27.4 12.2 0.7 1.6 1.5 9.3
1249.4 9.7 231.9 371.0 156.6 544.9 23.7 9.6 0.7 1.9 1.4 9.1
1 253.0 3.9 124.8 139.4 15.2 710.2 89.4 12.1 0.9 6.1 7.5 2.5
0 w(Ni)/lO"’ w(V)/10 °
“a
0———a—3 | — —10000
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Fig.13 w(TOC) and trace elements vertical distribution in Dalong Formation
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Fig.14 Correlation between w (TOC) and paleoproductivity
indexes (a), redox indexes (b, ¢) in Dalong
Formation
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