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Abstract: In the last two years, significant breakthroughs have been achieved in the shale gas exploration within the Upper
Permian Wuchiaping Formation to Talung Formation in the northern Sichuan and western Hubei provicnes, South China.
Furthermore, a promising exploration perspective has also emerged in the Middle Permian Kuhfeng Formation. However, the
distribution patterns of the organic-rich strata and the potential shale gas resources in these formations are not yet fully understood.
By identifying sedimentary facies and correlating sequence stratigraphy in the Middle Permian of northern Sichuan and western
Hubei area, the characteristics of lithofacies paleogeography in different sequences and their evolution were analyzed. Following
this, it explores the distribution patterns of organic-rich layers and the shale gas resource potential in the Kuhfeng Formation. The
research reveals that three third - order sequences, namely SQ1, SQ2, and SQ3, are identified from the Middle Permian
formations in the northern Sichuan and western Hubei area. Specifically, sequence SQ3 corresponds to the Kuhfeng Formation and
was deposited during the late Capitanian. During the deposition of sequence SQ3, three northwest-trending deep -water basins
developed on a carbonate platform (corresponding to sequences SQ1 and SQ2). These basins are the western Hubei Basin, the
Kaijiang-Liangping Platform Basin (trough), and the Guang-Wang Platform Basin (trough), respectively. The Kuhfeng Formation
exhibits a relatively continuous and stable distribution of organic-rich layers, mainly including bedded chert and siliceous shale
layers with high organic carbon content (average TOC content ranging from 3.0% to 10%). The Emeishan mantle plume
contributed to the formation of the deep -water slope ~basin environment during the late Middle Permian in this area, further
controlling the large-scale regional deposition of organic-rich bedded cherts and siliceous shales within the Kuhfeng Formation.
Based on these above results and further comprehensive analyses of geological evaluation factors of shale gas, such as the effective
thickness of bedded chert and siliceous shale, TOC content, and tectonic preservation conditions, five favorable areas for shale gas
reservoirs covering approximately 12,000 km” are identified in the northeastern Sichuan to the western Hunan-Hubei region. The
estimated total shale gas resource is approximately 1.75 trillion cubic meters, demonstrating significant potential of shale gas
exploration and development in the region.

Key words: shale gas; third-order sequence; facies; Kuhfeng Formation; Sichuan Basin; Western Hubei Basin; unconventional

petroleum sedimentology; petroleum geology.

AESE,2022,2023; Z4R=5,2023). L4 b &
B 5 AR R Ry 2 2145 KAk A /il L AR AT B
7N S BRI K T B R B R e R 4,
AN P A SRR IR T T SR DX 40
IR IRAEDU ) s K P FE R R A A B

0 515

Bt 22 Lok, DL 3E AR SR KT 2 B
JE B3 ARS8 T 0 A AR AR IR R, 2022 4F 55
H 5UASAE B OB 8 000X 10° m®, 2 i HE R RS

AR Y 83 % (EIA, 2023). 5 % 26 [ 11 A S i
FHEBINGR &t T RFERE, REZL TR T
TR DA SO T & . Uk 2022 4R R B BHHE
HH M 5% A% R 29 310" m’, 4F P2 ik 240X 10°m?, &4
7 R KSR AR R A 11 %0, B A KR fiF
e EESE. REESSHIBMEE T2E
FRIVERR  JUARBE AR RE R S &4 21877
1075, BLA SRR IF &8 1 . R, 2 a3k [ v
SR DU FE R I S B R R — K
MARDZEHROTA)ZR(Qiueral., 20215484

RREFIH — REEA VLSRR 2 W0 43 A % &R —
CERUAZFRDYRG T EEMREW(E L EF
L2021 5 R KA, 20235 B TR 55, 2023) . 4R ) 2 T
PIAE 7 FR 1 g O )1 b — SRPE b X | =& 4 R K
H— RBEH AR T 00A S KRB R . Shvh 2L 2
X HY 15 A AR MK H ™ 238 8.9 X 10 m?,
SRR D R 1} 105 m® (B 18 55 45, 2023) 5 )11 &R
b X DY1H 2= K84 3 vt 7 < ik H 7= & 3k
32.06X 10" m’, Jp B M 2 000 X 10'm’* (4
M5, 2023) , LY 1 H KBEA MK B 5= & ik 42.66 X



714 HERFF2=  http://www .earth-science.net

49 %

10" m*(FA AR RUAF, 2023) 5 17 )1 PG b 3l IX LB 1 KB
HOE R 2K H ik 1 448.9 m' (& KA,
2023; EWIFEA,2023) . [F 0, 761 HE — 5P 75 3y X
ARG O —Ble KA S R 2 (R0 B ) fiE
JoT o Ak T A T AR AR T Tk R, H R
21 2 M X P 4 — 11 7K OSF S I B P T A Rk
6.45X 10" m’, JB/R T iZ X Z & 48 5UE SR 45 i )

WHESIERNE AR E ZBrh A4 AtEn
KA, IS & W Z 3 IUA A LR S RS
o G R AT R AE A 4R, AR BT B ke i, ol b B A SRy T
2 ) 00 A R0 FR B R DU SO R & I BEAS
PG 2T MR 8 o R 2 B T T AR A
X35 ) 3 9% 20 DA R TR i AR L TR e T e
A LT TR DL BT AR A B AR A i) T B ) R &L
J2 7 2 R B A ST K 20 P R o P O R R
B A A W B A HIL T 0 AR K g A FL AR Y
5% F Bt Z — (Slatt and Rodriguez, 2012; Crombez
etal., 2017). HE AT XA — 5P 76 L X h — & 48 )2
J b2 B AR b 3 AT R T ORI TR ()
K AEE 202358 4 T4, 20235 4 7 .4 ,2023) {0
HEEE —ENERME, PN FERET T &
6 309 1% [X PN T 7K A3 — 0 b o A S TR L 3 — st 30
N TR0 2 B AT BIL T R O 2 R R i DA TR, R
TUA SR EZERIE)ZRZ — . 7 B Hoks 40
Z0) 1 )1 3G — SR 7 My X b = 0 0] 5 AR o R, AR
SCHERT NBEFE (AL B X X N R & S
1 2 i1 I e 2] e 750 % Sk 0 T ANl O B RE 45 A it
] 5 B 1) M )2 24 5% 3 )& (Shen ez al., 2020; H
45, 2021) , JF R UURAR N 5 =902 7 Hb)Z X L
X153, DL AE TR — J2 ) N 38 2 OB AR X B R AN TR
JZ2 T B A AR T s B BA B BIF 5T X I 4 A HL R
2B o3 A AR S DU AR IR T, DU R A R
A R DA 1 5 ) 48 52 i e i R e AR A S
W

1 MR

WF 8 X AL NG A6 )1 AR b RL K 6 75 38 19 5
VG b DX, v S R AR L S oK R R A 5 b
TURL, Jay 3505 SRy AH 6 TR K 1 15 8] 435 4t L R 01 4 b — &
T 19, &5 8] 2 8 [ B — 208 K, LT A T
A S0 T M XORD S A I AR dE X5k A A
2023)(E1).

T A7 M X rp TS G i 2 G SR AL P
A B NAMERA(E2) , Hrh B P b0
RN PN 2 (P L4, 2019) , P T FHIX A&
P 2 3% o £H AR 5f 20 . 36 1 26 5 0 5 4 1 3 2
AR RS (NEE %) 5 F &5 (15
PR B8 ) 19 43 16 (Shen ez al., 2020). 58 % 1y 3¢ [
A () 4n T G Ok B2 M X)) 7E 2 AR AR 1R TR A
TA M ORNFE ) 5 2 PR IR A AR T
F L AH R A 1L R 5 & AR 52 Bh T Y R
W52 AR T, A AR R Hh X T2 L b )2 o A7
FI) 45 TH R b 18 A b 2 0 i OG l H BE E  K IX T
U2 DA A AL & B ARG B, L 3 s K
b7 B T 3 0T T [ 0y B R K X T AR
T—ERa RN RS R IUA A AN
P 21 (mf P B ) . PRI 2 AE |47 T 3 IX g F R IT
Hr LA 2 BRI R DT U0 (& 2) e T 3 7 b
X ARWE A AT g s TR TSR WA, T4 1 IX
P 41 ) @ F & 7 1 %8 0 R UG 20 (Shen ez al.,
2020). WX — ik &, FTH X 5% EHFXH
DI 21 390 AR [ BH R — 50, B R 2 2 — > 2E
A HE . e L P X IR 538 04 -
B DA 2 O )3 5 A OC & BRI A B RO P
2H A UG B . )1 b Hh DX 55 50 P Ml DX IR 2 3 8 T
RT3
PR 20 v] REmS LT )1 Jb Hi X

AT KT A2 R M X S G0 O 4R A0 4 )
¥ Mo J2 RRAE R R BT R T K T AR, 2800
o & G (G VAR ) AT L4y R 34 = U2
JP (B R A, 1997 Mg Ak 55, 19995 £/ o 45
19995 2 JRUAS R BE 22 Ak , 20085 22 17 %5, 2018 E AR %
,2022) WA FEHRN S AN ZRZTF R (E
4,2002). TR —BEMZEEFHN =0T B4 4H
JI (o S ) = 0 O T AR Ak K R AR
fit. (Ross and Ross, 1987), R 25 H &3 .

2 DU AHFRAE

=S I, 1 — SR IRk B — A
B AU A [l 2 16 B R 4h 5 M BRI, JA) 1L R R AT
Z e 3 BT A0 L, A DY )1 35 4t R A T R R
18 A T RS 10 AL R0 PICEE 2 4% 255 A7 A A R 5 T
FRAHAR & 20 B (&1 3~ 7) , R0 HY 5 i gt 80 35 77
WA, BRI R PR 5 T I & M B i SRk L 5
R AN Z 4



% 2 ) BE 00 I — U X op B A B T 5 S ) s
£ |. - Jr
Aits IR B E i
#m a0\ o MIer - =
O- 5, aalis_. B~
Pl = L] "
K2 ¥t o - O +
- mLe nxm - ALE o
LY TR | O Mg 52k L
I : kT o Ml
-.':. B - 2Rz b
- EIFH TR ;
Iﬂ‘r'D e - r
; (TH] -
— Lo O g 2
i | MC2 "
: o LT1 i & :
[ b o e 1)
WTL 4 . B % .- .'1"’ &
fe] vy O o O 4 Uil ARTE
D bk ] =y a1 ey | : L o {- B (__ﬂ
N L TOa2 © ORre . HIiEI e ¥ o
@ R “:’ 2 B8 pid ual'urs i o HE
S = '.F;_, “spfD | G é'D ntu
B T HYIHE e K ARR
¥ Al - . i B : = Ewp: o A
A T W
; st AB #m L]
E‘ aRi ’ e “riEI
vl amo A Hil
[.T| — Ll A& Auppz
1 ! =t | |

PIT b — S0Pt X b — 2 W S0 2 A oLy 3t 28 ) (0 ok A 45, 2023 #8240

Fig. 1 Studied outcrop sections, wells and Palacogeographic map in the northern Sichuan and western Hubei area (modified from

Ma et al., 2023)
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Fig. 3 Restricted carbonate platform characteristics in the Maokou Formation in northern Sichuan and western Hubei area
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Fig. 5 Reef and shallow shoal characteristics at the edge of carbonate platform in the Maokou Formation in the northern Sichuan
and western Hubel area
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Fig. 6 Slope facies characterisitics in the Kuhfeng Formation in the northern Sichuan and western Hubei area
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Fig. 7 Basin facies characteristics in the Kuhfeng Formation in the northern Sichuan and western Hubei area
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Fig. 8 Sequence boundary of SQ1 to SQ3 in the middle Permian Maokou and the Kuhfeng formations in the northern Sichuan

and western Hubei area

a. PUJIT™ TG 04 b & fil 1l 36 120 SQIRE W2 5 Sl 5 b. DY 1IN 45 JEE 362 03] 1 = 11 24 SQ2 e )2 B B it s . DU T Je 0 b & 1) img I 20 SQ3 i
P2 PP R 5 YT FEE 5 R 9 200 ) T I 2 P )22 P ST 5 e U1 I 5 A LR ) I DU 2 5 5 G2 4 03 SRR Y )2 R 0 s f 1AL iR o

7 TRT I £ TG )22 S A TR A



5% 2 BE AR — S M I o B AR M T R ) 793
THI# LK C223F
GRUAPT} Lo |Enoesy | _GRUAPI) RTIE = M) GRIAFT) ] ETIEE= M)
5 1] (R [ B3 () ket FF (1] Ry T U a0 A (1] 150 i i 20 00
*-'_:\_ I I "-‘.. 1 31
e — £ i 2
= o % e
= IS sg1 1
j;c' - (F O s
- o ""5, L
... R L | .. £ .
_-f'.'.— | - (B ﬁ_'_
STIH — SX1F PGS H
il AP BTLEL = M) GRLAP RITEE = M) ; _ GRAPL | RTiEL= M)
0 W | B ) saoon| HIF il 1500 soon) T o 1 | it woa| =
T = ~
= e — = ki
i | L~ e
= e a U : o
F s S e -\l -
}:':I 1 ! rl '-a.f:_ - e
...;&.n..# ........... i & g
: T 5 ] =
z} L1 { X =
- Syl ] 'f ;"
— *: = 501 g &
e Tl I (g4 5E 1} _'l, —
- g2 =) i ¥ S
{ e 1 N -
1 L] 4 —
£ b -
Fa e k' 5
1 =] =T+ THTH T==
| E E - = =N EN| = [ |
L 11 L F == [a]= [=]~

By PN Y i i Bk EMER

19 NI — SR04 3 X i — G &5 = G Iy 5 I - ot £ e 1z 4 AiE

T L%, T

Fig. 9 Well-logging response of sequence boundary in the Middle Permian in the northern Sichuan and western Hubei area

TR DT B TR 2 292 0.72 em/ka(Fang
etal., 2017) 4 T304 JHE I 300 1T SQ1 UL K
274 8.3 Ma. 1M JZ2 ¥ SQ2 N LA TR IC R iy,
HAFFLEIT ] 29 0 4 Ma. 27 SQ3(RIE L) N 5 K1
2N — A RS B AR R AR R B IR R
RUUE 2 7 20 & A H LR R BB A 0 5 R R
(B 11) , 3X AT fig 55 P04 24 To0 35 9 46 7 1 il A O¢G .
HR A ) T iy DX T8 A Ml 2 A6 3 (£ 450, 2014) L I
U 2 LA K 29 2 Ma. R I, R SQ1 & SQ3 T
FRURR S5 I (8] £7 758 K 22 5 (2~9 Ma) HEANTH N
YR BT A 13X 2 22 S 10 BT DX BV v - T
AR T 32 A BR A X i T TS AR B2 i LUSE 38 32 3
X B MM & iz 3h (R Rz dh) A K.

322 @@t RLFEERFMEX S
Padb 2 FE AL T oo RN X ETAE PR L £ A B,
& 2 e M A O A R A R
REH . WEH B REZ BEEZEEIRIK A
5 fh A B KA CBECE R KL K A 5 1 AT )
B, R B IR K IR AR AR IR Bk
R, FBNCYE R B R ZE BRI KK S 5%

an A JE R SA L SOR, S5 R TR AT 0 2 D) e B e )
ARBE A T Rk SRR R0 5K S AL . G 7 4
528 CVAL o AT — M 28 A ST (181 10b)
NSRRI Y/ E ok S R R R N = (7~
FF SQI Y2 5 A1 (SB). 2 10 40 03 o K 1 {6 16
4 — WG 5 R K A 1) b 5 7 Oy PG A VR K 8 Tk I
FLLILE R AR AR N R T SQ3 2 P B
(SB). 1 3¢ H 41T Bk & I AAAURE R IKA ) F %
AR Ay v R YR R A e B T G DL AR S SQ2 1Y 2
J7 S

P X2 P SQ3 T N — A KR A R
10 ([ 10c) , F1f 2 T o IR 2 B RE BTy, LT 2
oMV B IR AR P I N B B T e A R
LR A R A o R Y X s XAk e DA
AR5 DUR ] BB 114 )22 )3 S T

AR A 5 1120 R IR 20 P9 38 04 o 2 DA R o )
J7 20 B R 2, T U 9 (R R R SR R 6 A R I
(FE12). FO4 T EUZ T SQL R IK R 64
WE 2 AR, R — 1) b AR R R 2 R A B
BRI R U A e RSB i HOeRIR R K B



724 HBERBL2%  http://www.earth-science.net

49 %

i

3

FI10 DU AS B R R T 5 O 41 (a) 557 SR -E & 3T 50 1 24 28 TG 4L)2 7 )= 30 40 (b Fil )

Fig. 10 Sequence subdivisions in the Maokou Formation at L.uduba outcrop section in Wangcang(a) and those in the Maokou and

Kuhfeng formationsat Xibeixiang in Guangyuan (b and ¢), Sichuan Province
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Fig. 11 Sequence subdivision and facies in the Maokou and Kuhfeng formations at Luduba outcrop sectionin Wangcang , Sichuan Province
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Fig.12 Sequence subdivision and facies in the Middle Permian at Xibeixiang outcrop section , Guangyuan, Sichuan Province
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Fig. 14 Sequence stratigraphic correlation from SQ1 to SQ3 among sections of ST1, L'T1, Luduba, Yanerdong, Qiaoting, Nu-

oshuihe in northern Sichuan and western Hubei
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Table 1 Resource assessment for favorable shale gas areas of the Middle Permian Kuhfeng Formation in the northern Sichuan and

western Hubel area
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111 A6 AT 17 A >1000 10~32 1350 2 400
v AESLEE 5 T A =1 000 16~30 740 1200
\Y% S — 115 A& >>1000 16~22 1520 2 400
&t 12 200 17 500

I 42 il 2 IR0 41 A B R I 2 B R I D0 1 K
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