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Table 1 Summary of attributes of the top 10 global basins with hydrocarbon reserves in deep Paleozoic marine

carbonate sequences (after IHS)
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Distribution of Permian sedimentary facies in the Sichuan Basin: (a) Maokou Formation; (b) Changxing Formation
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Fig.2  Characteristics of weakly dolomitized reservoirs in the Second member of the Permian Maokou Formation, well Pengshen 12

(a) light gray dolomitized limestone with well-developed dissolution vugs, 5 908.80 m; (b) thin-section characteristics of the dolomitic portion in dolomitized limestone, show-

ing well-developed intercrystalline pores and biomoldic pores; (c) bioclastic limestone with light-colored dolomitized patches, 5 930.12 m; (d) bioclastic limestone with well-

developed intergranular pores containing scattered dolomite crystals, 5 930.12 m
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Fig.3  Characteristics of limestone reservoirs in the Permian Changxing Formation, well Pengshen 10, central Sichuan province
(a) bioclastic grainstone with abundant biomoldic pores, 5 439.31 m; (b) sponge reef grainstone with abundant biomoldic pores, 5 439.66 m; (c) transverse section
of reef limestone core from the deep Changxing Formation (5 455.10 m), exhibiting typical layered dissolution fabrics (yellow box) as relics of early subaerial exposure-

karstification; tectonic dissolution fractures and their enlarged pores are also visible (indicated by arrows)
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Fig.4 Characteristics of dolomitized reservoirs in the Second member of the Permian Maokou Formation, central Sichuan province

(a) dolomite with well-developed dissolution vugs, well Pengyang 3, 6069.7 m; (b) fine-crystalline dolomite with dissolution vugs and fractures, well Pengyang 3, 6 069.7 m;

(c) fine-crystalline dolomite with abundant biomoldic pores, well Pengyang 106, 5 212.78 m; (d) fine-crystalline dolomite showing dissolution vugs formed by enlargement of
biomoldic pores, well Pengyang 3, 6 070.73 m; (e) relict bioclastic fine - crystalline dolomite with intragranular and intergranular dissolution pores, well Pengyang 1,

5995.19 m; (f) fine-crystalline dolomite with well-developed intercrystalline pores, well Pengyang 1, 6 006.17-6 006.45 m
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Fig.5 Genetic model of integrated reservoirs in the Permian, central Sichuan province

(a) high-energy shoal deposition; (b) penecontemporaneous exposure dissolution; (¢) hydrocarbon charging during shallow burial
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Fig.6 Carbon and oxygen isotope cross-plot of multi-type

reservoirs in well Pengshen 10
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Table 3 Carbon and oxygen isotope data for weakly dolomitized limestone and limestone in well Pengshen 10
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Fig.7 Evidence of hydrocarbon charging in pores during shallow burial ( Second member of Maokou Formation, well Pengshen 12)

(a) bioclastic grainstone with intragranular dissolution pores partially filled by bitumen, 5 921.44 m; (b) bioclastic grainstone with intragranular dissolution pores partially filled

by bitumen, 5 936.03 m
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Fig.8 Burial dissolution by organic acids in the Permian, central Sichuan province

(a) fine-crystalline dolomite showing dissolution of saddle dolomite by organic acid fluids during burial stage, with visible bitumen impregnation; (b) dolomitic limestone

exhibiting dissolution of saddle dolomite by organic acid fluids during burial stage, with visible bitumen impregnation
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Fig.10 Reservoir development model of “integrated reservoir potential ” in the Permian Maokou Formation, central Sichuan province

\
W
i\
P,m”
160 £ 78°

[ | | [ I | [ | [ | e N y
B = B B Bl == = (] [~]
HRERAR 2 SRR YR S A Pk o ERBEE Hzs #+ Hza s gL, rfasciE BRI e 8E

I A Ly FFEHL (L) o bR e F T

REERIRAE e — LR o it )2

BT 722 205 B Gl o 11 20 B A ) i P B o i A 7 7 T
() BB N LTA BRI T Sk BT 2RI 5 (b) LU BB AN RIS 0 0GR s () O BT RS (D) B BOR A, IR BEIR: (o) iy FLI B R
Fig.11  Field outcrop and lithofacies distribution diagram of the Maokou Formation at the Hongyan Tunnel, Guang'an
(a) sketch map of the outcrop section of the Maokou Formation at the Hongyan Tunnel, Huaying Mountain; (b) distribution relationship of different reservoir types in the Hongyan

Tunnel section; (c) limestone, with a developed network of fractures; (d) dolomitic limestone, with mottled dolomite; () dolostone, with developed pores, vugs, and fractures

3 AN I B BRI R OUA BY TIRTE D0 AT R IE 4

| ST DA R TR T
31 "EREMNMESNT=RRT-SMRSE  pop sewiscRiER. i DeFO4 K
BRI LA A1 R R . e

I, 3 1415 004 P 2 fl— T AL B ! T N
RO BT GRS KA A A
52 DAL 5 4 BB ek T A B N -
BRI S5 o0 AT REESTORE FRAITEL e o ot 785 2 I R R

TR R ST DU i — & &R, U R IR)Z— R N
FoE 5 T L B 2 T AL W E NS B E , WA AR T 300 km®, TiiT
SRAHAIGE. A bR e S Ty PR 1 0004277 s RGBT nUE P i
S A A RIS SR R 45 vh— RWIEL B AR R BN T R
BRARENE S AR B KR SR 7004, Fi A A AU 1300 km?, TR LS 3 000
MBR B2, A 22 RS2 R fLingE 1207



1566 IR S 4 H436
32 “CHEEMMNIESENRBIRET, R ENHR carbonate rocks[M]. Hoboken: John Wiley & Sons, 2008: 1-295.

RGNy, RIZ— IR Z = H = AN
T M5 A IZ A2 T AR bk £l
B PR A A 22, AR i PR A A X7 4
Sl 22800 BB AR 4878 T 55 = AR IZ I
JETRIRE B2 e 7 MBI IR0 = 10 2% F R TR A B 4R
G, AR B R RBAR I T BIE KIS ,
R Z A S BIRER A XA TZ I e 108 R
o X—IANRHESHI R N R = )
“PhIRl 2R A )R A RO R R, R T TR
JEBRIR 5 BT IR NG E AR B R

4 Zhe

(1) ARSCHRE S =8 R R AR 7 26 2 3000 A
B RIS — ST — A 5T, RS
YEAH)Z AT YR & B oM HN TS, B A fL—4E—
T HA MR A EERR ARG E &R HEAZL
DRI BL

(2) NI H X =& R 5 A K LA
5900 m A7 & B M = S s iCH EYTICA S
Z R T AE)Z | )2 R 5~50 m, FLERJE 2.0%~
12.0%. VU1 Z5 L — B 20 65 9 2406 1 A 5 4 0 S A%
JR R BB BB ZRAENE , B P SRR £ 28 A )2 4R
PEA R UTRR TS 57 5 o 000 T A Ak s il 1) 22 300 2
TRV, S R P LR A S R 25 A T R
FRLLIG 3 10 T8 VR IR, 1 HE R T R T T R LR
FREL OR300 T ZEAR 5 5 VRHE R 9 B MLIR 25 2 1
P ARESE FETE B S A i 2 T8 B 2

(3) “EAHZRN " AMLEE T )2 25 0 b 5
WAL AR T 8 F A2 25 18] 43 A (14 4k R v
BYERFE , RSN ANR 2082 AR 2 it
THE T HINRA BTN RER T A=
DR 2 I G )2 R g A 7 4 B
DU 1] 235 MU 22— TR 2 B B I AR TR M R 2
5SRO & -

A S B G AR R A KA AL
P ey =T E N A

£ 2% 3Lk (References)

[1] Ahr W M. Geology of carbonate reservoirs: The identifica-

tion, description, and characterization of hydrocarbon reservoirs in

(2]

(3]

(5]

[6]

(7]

(8]

(9]

E IR, /N I, A5 I B AR AR R 5 22T 1
JZ BT RRAE 9], i b B 4, 2024, 26 (5) : 1201-1220.
[ Kuang Mingzhi, Zhang Xiaobing, Yuan Haifeng, et al. Sequence
stratigraphy and sedimentary facies characteristics of the Maokou
Formation carbonate rocks in central Sichuan Basin[J]. Journal of
Palaeogeography, 2024, 26(5): 1201-1220. |
AR, Bk, s AR A U A P X 452 FL 4
ZOE T IR R IR (D). Al A, 2025, 46(4) - 661-
675,742. [ Xie Jirong, Luo Bing, Zhang Xihua, et al. Exploration
and discovery of the Maokou Formation dolomite gas field in
Longniisi area of central Sichuan Basin and its significance[J].
Acta Petrolei Sinica, 2025, 46(4): 661-675, 742. |

L SR, EUIRE A D)1 St A -0
B 5 GUJE L HBREAT I S ARG R[], i B, 2025,
27(3):560-577. [ Yuan Haifeng, Zhang Benjian, Kuang Mingzhi,
et al. Coupling of tectonic-sedimentary differentiation and Emei-
shan mantle plume during the Middle Permian Maokouan in
Sichuan Basin[J].
560-577. |

A58 AR, A FELLE . NV A =2
KB EHNET]. Witk < M ,2023,30(1) :79-86. [Li Rong,

Li Suhua, Shi Guoshan, et al. Main controlling factors of dolo-

Journal of Palaecogeography, 2025, 27(3):

mite reservoir development of Qixia Formation in Jingyan area,
southwestern Sichuan Basin[J]. Fault-Block Oil & Gas Field,
2023, 30(1): 79-86. |

i, AR NS, 55 N—NHE X b S5 = m il
ELARFIE AT S 2 A CE PR A [)/OL]. LR https:
//doi. org/10. 14027/j. issn. 1000-0550. 2024. 021. [ Yang Chaoyi,
Xia Qingsong, Yang Peng, et al. Diagenetic fluid analysis and
complex composite environment reconstruction of Middle Perm-
ian dolomite in western-northern Sichuan Basin[J/OL]. Acta Sedi-
mentologica Sinica. https://doi. org/10. 14027/j. issn. 1000-0550.
2024. 021. ]

W IR, kRS A L X L3 S R
ARTCERAE AL GBI BHLARI (9], AP 0, 2025,37(3) -
108-119. [Yang Xue, Yang Yuran, Zhang Jingyuan, et al.
Characteristics and formation mechanism of Permian marine shale
of Kaijiang-Liangping trough in northern Sichuan Basin[J]. Litho-
logic Reservoirs, 2025, 37(3): 108-119. ]

FE L B RAL L DU At R — A X &S
A2 T A R R G R D SO 0], e A R
2022,27(4):149-161. [ Zhu Mao, Huang Shiwei, Song Xu, et al.
Main controlling factors of the Middle Permian dolomite reservoir
and prediction of exploration zone in Tongnan-Hechuan block, Si-
chuan Basin[J]. China Petroleum Exploration, 2022, 27(4):
149-161. |

TRAH, ARG TN . K — A AR LA RIS S A A b
JOT N (0] M SRR, 1998 (3) £ 70-75. [ Zhang Zhi-

huan, Chang Xiangchun, Zeng Jianhui. Research on waterrock in-



5 53]

SC AR ERIRRIRER AR ROV 4R T S B PR S

1567

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

teraction and its application on petroleum geology[J]. Geological
Science and Technology Information, 1998(3): 70-75. ]
RESHE . I X A AR TR R (). T A B

2004, 9(1/2) : 85-89. [Hu Haiyan. Effects of hydrocarbon em-
placement to diagenesis of reservoirs[J].
leum Geology, 2004, 9(1/2): 85-89. |
2L, XURIAR B8 S, 45 . U1 2t v i T e 2L V2 0
AAEII]. AR ER A4 (AR , 2014, 41 (6) -
671-683. [ Tian Yanhong, Liu Shugen, Zhao Yihua, et al. Diagen-

esis of Lower Cambrian Longwangmiao Formation reservoirs in

Marine Origin Petro-

central area of Sichuan Basin, China[J]. Journal of Chengdu
University of Technology (Science & Technology Edition),
2014, 41(6): 671-683. |

B R BRI ORR A SR I AT R AR R
BCEVEIRZ ). A AR 2440 CHARRARD L 2009,
33(1):18-22,27. [ Ge Yunjin, Chen Yong, Zhou Yaoqi. Effects
of hydrocarbon emplacement on diagenesis of carbonatite in dif-
ferent conditions[J]. Journal of China University of Petroleum,
2009, 33(1): 18-22,27. ]

w2 TR, X A IRRF RV T S R R R
fiff J2 AL BR B PR AT (J]. M R 1 41, 2014, 33 (2) - 80-85.
[ Zhang Xuefeng, Shi Kaibo, Liu Bo, et al. Retention processes
and porosity preservation in deep carbonate reservoirs[J]. Geo-
logical Science and Technology Information, 2014, 33(2):
80-85. |

Dong Y X, Chen H D, Wang J Y, et al. Thermal convection dolo-
mitization induced by the Emeishan large igneous province[J].
Marine and Petroleum Geology, 2020, 116: 104308.

Feng K, Xu S L, Chen A Q, et al. Middle Permian dolomites of
the SW Sichuan Basin and the role of the Emeishan large igne-
ous province in their origin[J]. Marine and Petroleum Geology,
2021, 128: 104981.

Fan W M. Ar-Ar and U-Pb geochronol-ogy of Late Paleozoic ba-
salts in western Guangxi and its constraints on the eruption age
of Emeishan basalt mag-Matism[J]. Chinese Science Bulletin,
2004, 49(21): 2318.

Zhu C Q, Tian Y T, Xu M, et al. The effect of Emeishan supper
mantle plume on the thermal evolution of hydrocarbon source
rocks in the Sichuan Basin[J]. Chinese Journal of Geophysics,
2010, 53(1): 83-91.

XS BRI, A N X b & g A A s
FEAE B AL HLER [J]. 39 2 412, 2017, 38 (4) : 386-398. [Liu

[19]

[21]

[22]

Jianqiang, Zheng Haofu, Liu Bo, et al. Characteristics and genet-
ic mechanism of the dolomite in the Middle Permian Maokou
Formation, central Sichuan area[J]. Acta Petrolei Sinica, 2017,
38(4): 386-398. ]

MR, 2 R S L IX Y I B A R
OIWT R A A A R AR AL AR AR )], SRR
kP2, 2024,35(7) - 1160-1186. [ Xiao Qinren, Yuan Haifeng,
Shen Chen, et al. Analysis of dolomite genesis in the Maokou
Formation, northern slope area of central Sichuan, China: Petro-
logic, in situ geochemical, and chronological evidence[J]. Natu-
ral Gas Geoscience, 2024, 35(7): 1160-1186. ]
ViS22 (LY B R O UR
FRAES R[], AR B TR A= 2 ( A A RE M) , 2012, 39
(6):651-656. [ Hao Yi, Lin Liangbiao, Zhou Jingao, et al. Char-
acteristics and genesis of leopard limestone in Middle Permian
Qixia Formation, northwest Sichuan, China[J]. Journal of
Chengdu University of Technology (Science & Technology
Edition), 2012, 39(6): 651-656. |

ZREE P RO AR L AR DO AR e R = 0Tk
B D). AR 5 T %, 2008, 35(5) : 548-556. [Qin
Jianzhong, Meng Qinggiang, Fu Xiaodong. Three hydrocarbon
generation and accumulation processes of marine carbonate
rocks in northeastern Sichuan Basin, China[J]. Petroleum Explo-
ration and Development, 2008, 35(5): 548-556. |

JUE TSR, SRR AR LTI DX 2 Tl R AR
A ] KR 2E2E M (A 2R ,2011,8(10) : 19-21. [ Yan
Li, Feng Minggang, Zhang Chunyan. Hydrocarbon accumula-
tion mode of Changxing Formation in YB area of northeastern
Sichuan Basin[J]. Journal of Yangtze University (Natural Sci-
ence Edition), 2011, 8(10): 19-21. |

TR BRI, BOE,AE . D0 S T — ik
R R B H SO 0], P A B, 2019,24(4) -
466-475. [ Zhang Xihua, Chen Cong, Huang Jie, et al. The dis-
covery of Middle Permian Guangyuan-Bazhong extensional
trough in the Sichuan Basin and its petroleum geological signifi-
cance[J]. China Petroleum Exploration, 2019, 24(4): 466-475. |
TRASAE  BRER, SR, A5 )1 PG b Hb DX S 17 4 TR A b ST R

L HAh R )], KRR HR ST 4, 2018,41(3) 1 42-
50. [ Zhang Xihua, Chen Cong, Zhang Ya, et al. Geological char-
acteristics of trough facies, Maokou Formation, northwestern Si-
chuan Basin: Implications for geology[J]. Natural Gas Explora-
tion and Development, 2018, 41(3): 42-50. |



1568 o % R F43%

Proposal and Exploration Significance of “Integrated Reservoir
Potential” in Marine Carbonates: A case study of the Permian in the
central Sichuan Basin

WEN Long', HOU MingCai*, LUO Bing’,ZHANG XiHua’, HUANG KeKe*, CHEN Cong’,
ZHONG HanTing’, CHEN Chao’, PENG HanLin’,SUN HaoFei’, GAO Zhaol.ong’, NING Meng’,
LI TianJun’, WANG Xia®, LI ChangWei’
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2. Institute of Sedimentary Geology, Chengdu University of Technology, Chengdu 610059, China
3. Exploration and Development Research Institute, PetroChina Southwest Oil & Gas Field Company, Chengdu 610041, China

Abstract: [Objective] With the continued advances in the exploration of deep to ultra-deep marine carbonate
rocks, the traditional paradigm of targeting “dolostone-preferred” reservoirs is undergoing a new round of transforma-
tion.[ Methods ] Taking the Permian system in the central Sichuan Basin as an example, this study systematically in-
vestigated the formation mechanisms and favorable reservoir conditions of various types of ultra-deep marine carbon-
ate reservoirs using a range of technical approaches, including core observation, thin-section identification, micro-
area C-0 isotope analysis and U-Pb isotope dating.[ Results ] It was found that the Permian Maokou and Changxing
Formations in the region had developed many types of high-quality dolomite, limestone and weakly dolomitized lime-
stone reservoirs, even at burial depths exceeding 5 900 m. The reservoir thicknesses range from 5 m to 50 m,
with porosities between 2.0 and 12.0 percent. Systematic analysis revealed that such reservoirs do not exist in isola-
tion but have co-evolved within a unified tectonic/ sedimentary/diagenetic dynamic system, forming composite reser-
voir clusters. The concept of an ‘Integrated Reservoir Potential’ is proposed for the marine carbonate rocks of the
Permian system in the basin, suggesting that, within a unified tectonic/sedimentary/diagenetic framework, the forma-
tion, preservation and optimization of pores were jointly influenced by paleo-Permian rifts, the Dongwu paleoweather-
ing surface, and the reactivation of multi-stage paleofaults. This promoted the synergistic development of reservoirs of
limestone,, weakly dolomitized rock and dolomite, and resulted in large-scale reservoir formation across all lithologies
of marine carbonate rocks. Under such conditions, dolomite, limestone and weakly dolomitized limestone all form
effective reservoirs in ultra-deep marine carbonates. [ Conclusions] The ‘Integrated Reservoir Potential’ concept
provides guidance for the exploration of Permian marine carbonates in the Sichuan Basin and also offers theoretical
support and conceptual insights for deep to ultra-deep carbonate exploration entering the “post-dolostone era” where
multiple lithologies are equally emphasized. This advance will drive the progress and discovery breakthroughs in deep
carbonate exploration.

Key words: Sichuan Basin; Permian; weakly dolomitized reservoirs; integrated reservoir potential; exploration

strategy



