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

[Objective] The dark shale of the Longtan— Dalong Formation is widely developed in the Upper Permian of the Lower Yangtze
region, which is the key formation for shale gas exploration in China. At present, the degree of exploration in this area is low,
resulting in unclear understanding of shale gas accumulation conditions. [Methods]The geochemical characteristics, reservoir
properties, and preservation conditions of the Longtan Formation and Dalong Formation shales were studied to evaluate shale gas
exploration potential and optimize favorable exploration areas. [Results]The organic matter abundance of the Longtan Formation
and Dalong Formation is high, TOC content is generally greater than 2.0%, the thermal evolution degree is moderate (between 1.3%
and 2.5%), the reservoir space is mainly ink bottle and slit—like mesopores, the brittle mineral content is generally higher than 50%,
with good hydrocarbon generation material basis and fracturability. The Longtan Formation shale is thick, with good self—sealing
ability, and the preservation conditions are generally better than those of the Dalong Formation. Both of them develop various types
of fractures, which are the main channels for shale gas escape. In addition, the late magmatic activity is frequent, which has a strong
destructive effect on shale gas, and the preservation conditions are the key to shale gas enrichment. [Conclusions]The evaluation of
the Upper Permian shale gas in the Lower Yangtze area should be based on sedimentary environment, hydrocarbon generation
capacity, and reservoir conditions, taking the shale gas preservation conditions as the key and adopting the principle of finding weak
areas in the context of strong tectonic activity. Finally, five favorable areas were divided in the Dalong Formation and Longtan

Formation in the Lower Yangtze area.

Key words: shale gas; marine—continental transitional shale; enrichment condition; Upper Permian; Lower Yangtze region; oil and
gas exploration engineering

Highlights: The Upper Permian shales in the Lower Yangtze region have the material basis for shale gas enrichment; The
preservation conditions are the key to shale gas enrichment in the Upper Permian in the Lower Yangtze region.
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Fig.1 Location of the study area and stratigraphic column of well JY 1(location map after Huang Baojia et al., 2015)
1—Strike—slip fault; 2—City; 3—Well
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Table 1 Organic characteristics of the Upper Permian shales in the Lower Yangtze region
Hh X KFERL R TUHJEE/m TOC/% HHURSER Ro/% KU
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. P.d 2.91(10)/(2.84~4.86) 11, 1.41(4)/(1.27~1.86) Geetal., 2016
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Pid 4.65(7)/(0.86~8.19) 11~ 2.34
CcClit R, 2015;
Pi/ 2.95(3)/(1.03~5.46) 2016
¢ 7 HC1 P:/ 5.39(6)/(1.04~15.3) 11
HY1J: P.d 5.47(7)/(2.1~8.6) 1.87(7)/(1.68~1.98) whtAE, 2017
Ejj ui W P 9.54 (10)/(5.51~13.90) 11,. 111 1.47~1.48 G 2013
BT Pud 5.70(5)/(2.05~11.20) 111 >2.00
paieat P,/ 1.67(9)/(0.37~2.90) RIEE, 2019
FIH P 2.06(219)/(0.04~10.90) 11,111 3.17(29)/(2.36~4.26) B % 2016
FRHE P 3.00(26)/(0.18~11.12) 11,111 1.56(3)/(1.48~1.65) i
Liao et al., 2019
BFEH P 1.67(77)/(0.03~9.17) 11,111 2.53 (5)/(2.30~2.77)
EHr | THI P.l 4.11(10)/(0.52~8.17) 11,111 2.20/(1.96~2.68)
ST L T N 2.09(4)/(0.54~3.83) RAEH, 2012
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Fig.4 Scanning electron microscope photos of pores in the Upper Permian shale reservoirs in the Lower Yangtze area
a—GDI, P:«d, 977.5 m, Round—oval organic matter pores; b—GD1, Psd, 983.4 m, Pit—shaped, irregular organic matter pores; c—GD1, Ps/, 1034.3 m,
Organic matter shrinkage joints; d—GD]1, Ps/, 1042.5 m, Clay mineral interlayer pores

AT 9.6~15.6 nm; KL U175 LR T 7.25~
22.1 nm, FFLARARLE rhFLIE FL N, A R F I <
PIRHAE, RN —E I RAL(BT S) . BT TUA
FKEANT 1.11~13.78 m*/g, F-14 8.47 m¥/g; FLIKFH
4F0.0031~0.0173 mL/g, -1 0.0094 mL/g, K%
2 1) b e TR R FL AR RUAE X Bk, H3R T ALA F
3.12~32.82 m¥g, F # 15.65 m¥/g; fL & 4+ T
0.0066~0.039 mL/g, *F-1*] 0.0206 mL/g, ‘5 Berea fi%
4+ FH Eb (Donaldson et al., 1975), i 18 41 F1 KB 4H 1T
bR TE AR K, AR A R B A B R A%
o AN, T B L RN R R 20 0T A FLAA R ik 2 L
WEZ DB R (IS, 2013), BRI FLBE A
FITFSARMEE 5B .

7 I
4.1 TUEITRINE

i ABIFSEIA Sy e VA R0 K B 20 22 08 1 T 1
T LA R =AU R R A ML s L H
TUURUKAR b i S o B A LB L R
P (JE 2R TR A, 20125 BRI AF, 2013 AN AR,
2020). 73 4h, ik s n IR A W2 R ECE LB
Wikt FIHE M ICEXIYIHAGDI I L =&
585U DURH RS 54T 1 1B (Bostrom, 1983 ; #F /K IR,
1988; Jewell and Stallard, 1991; Wignall and
Twitchett, 1996; Tribovillard et al., 2006), Z# Y1 I
o VL 2H K [ 20 LA AL/(AL+Fe+Mn)fH A T 0.36~

http://geochina.cgs.gov.cn [ E ML, 2022, 49(2)



H49% 24 ZEPIAE . N THUX F S8 TUR SRR S 389
10 10r
8T sk
% %
8or EX;
1 =
= =
2F 2 °
0 1 1 1 1 J 0 1 L L L [ ]
0 0.2 0.4 0.6 0.8 1.0 0 0.2 0.4 0.6 0.8 1.0
FXTFE J1/(P/P,) A J3/(P/P,)
10 10r
—e— 1 c —e— ] d
s T sF —=—
% %
| 8
il i
= =
= =

0.8 1.0

0.4 0.6
FGE & 73/(P/P,)

0.8 1.0

0 1 1

0 0.2 0.4 0.6
FXE E J3/(PIP,)

S g = 2 W R = R U AR
a—JY1, Pid, 1198.2 m; b—JY1, Pid, 1120.6 m; c—JY1, Ps/, 1214.8m; d—JY1, Ps/, 1230.0 m
1— 82 B p 245 2— Pt Bh pHT £
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1—Adsorption curve; 2—Desorption curve

0.75,°F3%0.55, KA — & B REIRR A o 765 B

PEHE AT A3 5B VI(VANIDE A T 0.61~0.83, F-

¥70.73, R k55 %A Ak — 38 JE 3 B (Wignall and
Twitchett, 1996); U/Th {H 4" F 0.16~0.44, -3 0.31,

TR MR E AL IR (Bostrom, 1983);0U {4 T 0.65~
1.14, °F- 4 0.93, 1 7~ R 55 & AL 25 5% (Wignall and
Twitchett, 1996; 25 Bt 3 25 2021); Cu/Zn {H /T
0.26~0.60, F-241E J9 0.36, 7 M 5538 5 — A AL IR S
(MK IR, 1988), DL EEIAR /R T IV iR —
R A TR B A K A i S5 1 B S G &, A TR
A ST A B I UTRUABE o TY 1 H 0 S0 95 ) i
7N, RBELL T TOC & AR AL, SE{E & Rk ik
B AR B, SFEEAH 0.21% (4 S FE S, B E 4
TOC 5 i 7E 0.37%~2.90% , 141 1.56%(13 PEE ),
AHE T A X 5 A 1 GD1JF &5 i
70U T 0.98~1.72, 44 1.29; V/(VA+Ni)[ETE 0.66~
0.89, ¥J{H } 0.79; V/Ni LLAE A F 1.95~8.25, -3 °h

4.33(32 N FE D), 76 78 DU ORI I K A Ak F 38 i
IRZS, S TOC M 2.76%(32 A o

B4 (2013) X S0 H 52 1Ll T S B B )
TR it 3R 2 W, KRR 2 DUAR IR I K A A 3 4R —
RAA IR, TOC 1 55, 494351 9.54% 11 5.70% ;
Liao et al.(2019) % 4= 1L ZAF | B #7311 DL S8 1
FERBELFE S AT S BT 5 AR, N4 F DR
IR B AL T v A iR B R S, P48 TOC
TN 291%. XFEFB T TOC SUBMEE %
PR, i B AL DTBUK AR TY 1 HE 004 TOC & i
A A el XAV FE RS A VARt U A AR AR PR
AR TR, I, DR EREE S TR AR X
Vi Bl o A DA A LT SRR B A I A A
4.2 FLBRERE M E =

VU FL B AT LA 43 Sk JEAILFL AT AT L (Ross
and Bustin, 2009; Loucks et al., 2012), Z#(#& f
I\ kit il o 9 A0 A HLFL A & F (Loucks et al.,

http://geochina.cgs.gov.cn FPE LT, 2022, 49(2)



6
5t .

N y=0.19x+1.67

~ =

M4- . R'=0.61

10 13 20
TOC/%
K6 T THbIX I &5 s TOC & i 5 LB A C &R
(#5325 KA 1 Pan et al., 2015; B ¥#H55, 2015)
Fig.6 Relationship between TOC content and porosity of the

Upper Permian shales in the Lower Yangtze area (some
drawing data from Pan et al., 2015; Cao Taotao et al., 2015)

2012;Luo et al., 2018), Ifij Yang et al. (2019)7£ X} E5 VG
W e TR 2 VA B o VA A AL BR A TS SR R,
MUFLIE i AR Y, HXF e 3R 1 AL A AR K ) 52
k. Inan etal. (2018)[FFEVE R E] T X FhEL 4 , I 45
R A LB R ) RT DLAE BLFLAAS  H H  —/NE
g1, PG, 7 AR T4 R B A ¢, D DU 1 i
ERRNAEAESYIAT . THTHX LS5
A HUFHGE LR IS o, TOC 5 LB AR AR i1
IEASEE(E 6), 2 BT BT FLXT 0 FLB R AT —
8 MY TTRR , [T, 80055 T A B T 2 B A AILAL Y
FRAFEIIE T 33X —IA (K] 5). eI 114 TOC #8
FRBELUIR , FLFL BB AR XA

WF 52 220, 45 i 19 b 36 i B A DUE A
B, b 26T AR 2 B2 TOC 5 25+ 7 1 & A 52
(Ambrose et al., 2010), X FAF5EIX I —SH 5115
KV, MR W & AR — S N (IL T 40%) B
L 3R AR B 1 2 9 32 %55 T TOC(E 7); 4 TOC 7
— 8 X (B A AL, 8 4 %o b 3 T AR AU B
Wi, H AN B3, AT RE S5 0 R 2N R4 R
G F¥(ietal, 2012), B, TOC ZiZIX |
TR LR EEE R A VL T4
IR R TR GEE R JI A AR R A BTk o
4.3 AIERE

AR S A SR AN () B bR, 0L
R A BB VR AL A AN, A A R R R
U8, H A AT A S 3 et f b A 81 (Thyberg
and Jahren, 2011), A= A S (AEWfik) 5 TOC % 538
WHEA R IEA e . A R R T

K7 MK B &S 0UA BET RIS TOC
V&R RIR 7/ RPN
1—RPEAL; 2— el
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in the Lower Yangtze area
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Fig. 8 Relationship between brittle mineral content and TOC
content of the Upper Permian shales in the Lower Yangtze area
1—-Dalong Formation; 2—Longtan Formation
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Fig.9 The core photos of well JY1(a—Dalong Formation; b—Longtan Formation)
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