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Structural zoning and distribution of sampling wells in the Permian Maokou Formation of the Sichuan Basin
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Fig. 2 Development characteristics of coarse-grained calcite in the Maokou Formation of the Sichuan Basin

a. dissolution joints filled with calcite and bitumen, Mao Section 4, 3949.06-3949.16 m, Gaoshi 1; b. extensive development of structural network fractures filled
with mudstone and calcite, Mao Section 3, 1,683.06-1,683.18 m, Weiyang Well 17; c. high-angle structural joints filled with calcite, Mao Section 2b, uplift 40; d.
widened dissolution joints fully filled with calcite, Mao Section 2b, 3,652.16-3,652.44 m, Bao 20; e. widened dissolution joints partially filled with calcite crystals,
Mao Section 2b, 3,630.56-3,630.73 m, Bao 20; f. dissolution pores semi-filled with calcite crystals, Mao Section 3, Yuanba 8; g. dissolution pores semi-filled with
calcite, Mao Section 2a, 1,722.75-1,723.09 m, Weiyang Well 17; h. a doline semi-filled with calcite, Mao Section 2b, 3,652.75-3,652.84 m, Bao 20; i. dissolution
caves developed below unconformity surfaces, filled with calcite, Mao Section 3, Xingwengusong; j. dissolution pores developed in lustrous sand-grain limestone,
fully filled with calcite, Mao Section 2a, Gulinhegoutou; k. calcite-filled pores densely developed in dolomite, 5-8 per m—1, Mao Section 2b, Shizhuhuilongchang
of Chonggqing
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Table 1  Test results of carbon and oxygen isotopes of calcite from the Maokou Formation in different regions of the Sichuan Basin
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Table 2 Test results of carbon and oxygen isotopes of calcite from different fractured caves of the Sichuan Basin
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Fig. 3  Intersection of carbon and oxygen isotopes of calcite from the Maokou Formation in different regions of the Sichuan Basin
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Table 3 Environment identified by calcite isotope characteristics in the Maokou Formation of the Sichuan Basin
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Fig. 4 Intersection of carbon and oxygen isotopes of calcite from different fractured caves in the Maokou Formation of the Sichuan Basin

ST TR A X, SR T RAIRACERRHIE

JIA Shuyuan. Characteristics and exploration potential of hydro-
carbon reservoirs of karst slot and cave system in China[J]. Spe-

cial Oil & Gas Reservoirs, 1997, 4(4): 1-5, 9

6 & i [3] BRI, B0t BRI A KL SE A 2 e
PRI, 4280 oA TG = (1K) WF5E [J]. Hu
RHEH R, 2004, 23(4): 94-104.
(1) P #2320 85 1R UL p N B s F L) . 24 JIA Zhenyuan, CAI Zhongxian. Carbonate paleo-weathered crust
%% . {fé?'%‘%ﬂﬁﬂé, ﬁﬁ@a%}ﬁ%ﬁigﬁ 1 ;’é?ﬁ IEJEE reservoirs (body) [J]. Geological Science and Technology Infor-
N . . . . mation, 2004, 23(4): 94-104.
Wia e oAb RN oK A A s T8 (41 EHW, SRR, P20 55 R 43 D8 B ZR R IR R 5 A 43
PRI A TR R IV 26 R T PR TR IR, TR E 1) 2 OIS BN S (0], 17 HEFHE R, 2015, 17(5): 635-644.
13X Le PRI Egﬁ}i’ﬁlﬁ”ﬁ%ﬁ}ﬁﬁ o WANG Zhaoming, ZHANG Lijuan, SUN Chonghao. Classifica-
(2)p J” ﬁ A [EJ i IZjZT % Eﬂ:/; E‘Iﬂ: i‘% —/E\*ﬁ % ti.on, peri.od and' exploration for carbonate karst in th'e Ordov?—
o . et o cian, Tarim Basin[J]. Journal of Palaecogeography (Chinese Edi-
S R R BN b AR 7 28 5 i, a1 E . 1 tion). 2015, 17(5) : 635-644.
g [7 3 3 )1 i B s 1T et DX 77 e A i 4 T [5] SLHOG, R, ARMERE, ey, G, RO, Wikl i T il
PEZEAAELE T o T 25, 3850 X L i 1) 22 v A TS B AE I S RO A b D). SRR,
N s, R e 2006, 27(5): 503-509.
£+ %%ﬁzﬁ;ﬁjt/{{ﬁjk%{ﬁ A {E Hi,ﬁﬁ%/ﬁﬁz, /B\:EF' XIA Riyuan, TANG Jiansheng, ZOU Shengzhang, LIANG Bin,
iﬂﬁﬁ,ﬂ;ﬁﬂ:ﬁ m%ﬁ%\ {*éi%%jr_%i%)%’ ’ %‘%ﬁz/ﬂﬂﬁ j(/—:{jf(7 k JIN Xinfeng, YAO Xin. Palaco-karst research of the carbonate
{/’évfﬂ ?(L M| ‘{j(z, Jll EF'iH_iL B:jfﬁﬁaﬁf}%/ﬁ ﬁfﬁ%}% FI. oil-gas field and its application to oil-gas exploration and devel-
T IV, 385 1 ob b IX I8 v TR A 400 . 2 opment[J]. Acta Geoscientica Sinica, 2006, 27(5): 503-509.

., . N NN N (61 R, sKBHh, 2200, D)1 0t T 2H A BR R LA 22 UK
UGN, S E W RARCE, ] BRI P AT BB 3], A “CHUTR, 2015, 20(1): 33-44
':P E[ = F?L G| 7}2 ﬁxﬁ\- 'Jj_'fﬁj(, Jll db b [Xjfﬁzf?‘ Eﬁ}]}%/ﬁ ZHU Dongya, ZHANG Dianwei, LI Shuangjian. Development
AR R T 1. T2, Bt 1] b s X o ] AF 30 25 % genesis and characteristics of karst reservoirs in lower assem-
%\%é‘i,ﬁﬁ j(%?ﬁ7k%{§ﬁ/ﬁﬁiT{§m}L{ﬁ ﬁ%)% . blage in Sichuan basin[J]. Marine Origin Petroleum Geology,

2015,20(1): 33-44
5 2Ht (71 WOk, 34, B A S0, B R A0 I L P 3R 5 4 ) Fe L)
MR 2 AR B PRI R SCLT). A SE 3 b T, 2012, 34(6):
[1]  BReERt, 50788, HsCE. hENRR H T SR S5 mAEE D] 623-628.
ORI, 2004, 22(2): 244-254. DAN Yong, LIANG Bin, CAO Jianwen. Geochemical features
CHEN Xueshi, YI Wanxia, LU Wenzhong. The palaeokarst and environmental significances of deposits in Ordovician karstic
reservoirs of oil/gas fields in ChinalJ]. Acta Sedimentologica fractures and caves, Lunnan area, Tarim Basin[J]. Petroleum
Sinica, 2004, 22(2): 244-254. Geology & Experiment, 2012, 34(6): 623-628.
(2] BEEE. o EA SR R G0 )2 e R A 2w 7). (8]  EWJET, Z=5F, B4, )IARBEH XSS ALl A il R B RHE

R A, 1997, 4(4):1-5,9

Lo W PRI D], TG B A7 R A S AR (F R BRI, 2012,


https://doi.org/10.3969/j.issn.1000-0550.2004.02.008
https://doi.org/10.3969/j.issn.1000-0550.2004.02.008
https://doi.org/10.3969/j.issn.1000-0550.2004.02.008
https://doi.org/10.3321/j.issn:1006-3021.2006.05.013
https://doi.org/10.3321/j.issn:1006-3021.2006.05.013
https://doi.org/10.3969/j.issn.1672-9854.2015.01.005
https://doi.org/10.3969/j.issn.1672-9854.2015.01.005

FJRIE A DU AN [R) L DX 78 2R 55 1 20 SR REL ot ik A ik S IR o7 3R 2 e B G 5 W A 358
43 53 B 691
34(6): 1-8. ogy and palacowater system on the top of Maokou Formation in

[9]

[10]

[11]

[12]

[13]

[14]

GUO Xusheng, LI Yuping, WEI Quanchao. Palaeokarst reser-
voirs and exploration areas of Maokou Formation in the south-
east of Sichuan basin[J]. Journal of Southwest Petroleum Uni-
versity (Science & Technology Edition), 2012, 34(6): 1-8.
W2, RGN, PN, TR, TR, 5 =N B e s
Ve 25 185 L 2 v B A 2 e B R S Tl SR (0] A4,
2011, 32(2): 199-205.

YANG Haijun, HAN Jianfa, SUN Chonghao, WANG Fuhuan,
ZHENG Yan, JI Yungang. A development model and petroleum
exploration of karst reservoirs of Ordovician Yingshan Forma-
tion in the northernslope of Tazhong palaeouplift[J]. Acta
Petrolei Sinica, 2011, 32(2): 199-205.

T, BHARES, BABET, BOPHE, SRR, BRIE, TRAE, SO, TE
A6, IR TE, IR P50 O 2 RERR FLBR AL 1 = A k)2
FRARSITRAY SRR 75 U P AL X IT1 I RIRSR T
PREMEABILT]. R TAL, 2021, 41(2): 1-9.

YANG Yu, XIE Jirong, ZHAO Luzi, HUANG Pinghui, ZHANG
Xihua, CHEN Cong, ZHANG Benjian, WEN Long, WANG
Hua, GAO Zhaolong, SHAN Shujiao. Breakthrough of natural
gas exploration in the beach facies porous dolomite reservoir of
Middle Permian Maokou Formation in the Sichuan basin and its
enlightenment: A case study of the tridimensional exploration of
Well JT1 in the central-northern Sichuan basin[J]. Natural Gas
Industry, 2021, 41(2): 1-9.

KT, W, B, ek, X4 E. N & RN
M SRR & IS R R D] A0S KRR BT, 2022,
43(3): 610-620.

ZHANG Yu, CAO Qinggu, LUO Kaiping, LI Longlong, LIU
Jinlian. Reservoir exploration of the Permian Maokou Formation
in the Sichuan basin and enlightenment obtained [J]. Oil & Gas
Geology, 2022, 43(3): 610-620.

gl ke, ZEEAE, 38, ERE, MK, ZHH. Mz
R b DX 5 0 2 i AR U b A0 e R A LT 3B B il
2022, 43(5): 537-545.

HE Zhao, GAO Zhaolong, LI Guorong, HE Sai, MO Guochen,
TIAN liaqi, LI Xiaoxiao. Dissolution stage and pattern of reser-
voirs in Maokou Formation in Yunjin area, southern Sichuan
basin[J]. Xinjiang Petroleum Geology, 2022, 43(5): 537-545.
PR, W, Ak, SR, 2R, A, ARAeE. )il
HhEFRICH ML X 2 1 AL & B RRE S 4 A ] oh
AR, 2023, 25(3): 701714,

ZHU Dancheng, YU Yamin, LI Ting, ZHANG Lei, LI Rangbin,
YANG Minglei, ZOU Huayao. Karst development and distribu-
tion pattern of the Maokou Formation in Yuanba area, northern
Sichuan basin[J]. Journal of Palacogeography, 2023, 25(3): 701-
714.

SR, WK, TR, T, AR B, B Z TP A TUATE
AR KRR 20 m (1] A, 2020, 39(6): 911-
917.

NIE Guoquan, DAN Yong, XU Liang, LIANG Bin, LI Jingrui.

Characteristics and characterization of karst palaco-geomorphol-

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

the Z area in southern Sichuan basin[J]. Carsologica Sinica,
2020, 39(6): 911-917.

FEEE, AR, XA, 706, RICHL. )14 B 57 X
FLA R R TR R R D], RV T, 2022,
42(9): 63-75.

WANG Guofeng, ZHANG Dawei, DENG Shouwei, YANG
Guang, SONG Wenli. Development characteristics and main
controlling factors of Maokou Formation karst reservoirs in
Zigong block of the Sichuan basin[J]. Natural Gas Industry,
2022, 42(9): 63-75.

BAR, RIEST, PREY, ke, (R, K7, B2 5, Wi
U AL R O 2 i 24 i R R (7] KRS
F %, 2022, 45(3): 1-10.

CAO Hua, CHEN Yangui, CHEN Cong, GAO Zhaolong, SHAN
Shujiao, LI Tianjun, HU Luojia, XIE Jingping. Controlling fac-
tors of karst reservoir in Maokou Formation, northeastern
Sichuan basin[J]. Natural Gas Exploration and Development,
2022, 45(3): 1-10.

LHE, Rz, R, W3, e, & 1%, EiRR, 25k
25 U325 1 2 A5 o A vt A B B PR e X (0] Adih
4412, 2012, 33(6): 949-960.

JIANG Qingchun, HU Suyun, WANG Zecheng, CHI Yingliu,
YANG Yu, LU Weihua, WANG Haizhen, LI Qiufen. Paleokarst
landform of the weathering crust of Middle Permian Maokou
Formation in Sichuan basin and selection of exploration
regions [J]. Acta Petrolei Sinica, 2012, 33(6): 949-960.

WAL, thse, JINL, FRZ0TK, 255, . D)1 g s X 5 1
2 S SR FE U AL RRAE D). AR R 5 &, 2021,
44(1): 46-54.

MING Ying, XU Liang, ZHOU Gang, ZHOU Hongfei, LI Yi,
DAI Xin. Evolution characteristics of paleo-karst fracture and
vug flling in Maokou Formation, southern Sichuan basin[J].
Natural Gas Exploration and Development, 2021, 44(1): 46-54.
HUMEAL, MiPEE, HAEES. )RR L IX D 2T 2 T A
i R SO R TR 2424 (H SRR R, 2014, 41(4):
476-482.

HU Xiuquan, SHI Zejin, TIAN Yaming. Multifractal feature and
significance of Maokou Formation faults in the southeast of
Sichuan [J]. Journal of Chengdu University of Technology (Sci-
ence & Technology Edition), 2014, 41(4): 476-482.

JtEEEE, B30T, E 55, MRS, FARML. DU A rE 3 10
HATETRAE LR D], A2, 2014, 30(3): 622-630.
SHI Zejin, XIA Wengian, WANG Yong, TIAN Xuesong,
WANG Changcheng. Characteristics and identification of pale-
okarst in the Maokou Formation in the southeastern Sichuan
basin[J]. Acta Petrologica Sinica, 2014, 30(3): 622-630.

Arthur M A, Dean W E, Pratt L M. Geochemical and climatic
effects of increased marine organic carbon burial at the Cenoma-
nian/Turonian boundary[J]. Nature, 1988, 335: 714-717.

Scholle P A, Arthur M A. Carbon isotope fluctuations in Creta-

ceous pelagic limestones: Potential stratigraphic and petroleum


https://doi.org/10.7623/syxb201102002
https://doi.org/10.7623/syxb201102002
https://doi.org/10.7623/syxb201102002
https://doi.org/10.11743/ogg20220310
https://doi.org/10.11743/ogg20220310
https://doi.org/10.11743/ogg20220310
https://doi.org/10.11932/karst20200610
https://doi.org/10.11932/karst20200610
https://doi.org/10.3787/j.issn.1000-0976.2022.09.006
https://doi.org/10.3787/j.issn.1000-0976.2022.09.006
https://doi.org/10.12055/gaskk.issn.1673-3177.2022.03.001
https://doi.org/10.12055/gaskk.issn.1673-3177.2022.03.001
https://doi.org/10.12055/gaskk.issn.1673-3177.2022.03.001
https://doi.org/10.7623/syxb201206005
https://doi.org/10.7623/syxb201206005
https://doi.org/10.7623/syxb201206005
https://doi.org/10.1038/335714a0

692

I

AT

2024 4E

[23]

[24]

[25]

[26]

[27]

[28]

exploration tool [J]. AAPG Bulletin, 1980, 64: 67-87.

XA, 2R, RAGRE, X 5, = e, 3533 P R B
e SR Jy i, 4R SRR R HIRAL 2R AL 0] b3k
Fhep—rh EHLBUR 4244, 2008, 33(3): 377-384.

LIU Cunge, LI Guorong, ZHU Chuanling, LIU Guoyong, LU
Yufeng. Geochemistry characteristics of carbon , oxygen and
strontium isotopes of calcites filled in karstic fissure-cave in
Lower-Middle Ordovician of Tahe oilfield , Tarim Basin[J].
Earth Science: Journal of China University of Geosciences,
2008, 33(3): 377-384

LTy A AR R L R T AR TR AR T ke (1] i
HuF2F41, 2009, 15(2): 165-170.

KONG Xinggong. Advance in study of oxygen and carbon iso-
tope variations in cave stalagmites as palaco-climate proxies[J].
Geological Journal of China Universities, 2009, 15(2): 165-170.
BRI, IRV R, rHIE. DU 2 2 AR (T]. Al
RIRKHIT, 1997, 18(2): 151-157.

WEI Kuisheng, XU Huaida, YE Shufen. Sequence stratigraphic
characteristics of Sichuan basin[J]. Oil & Gas Geology, 1997,
18(2): 151-157.

B2, sl B, Sk, 2R, ZESCIE, HUBR, RIE, #hEE, X
RIAR, B bRk th — & 50 1 4 2 AT 3 5
i R BF FEL/OL]. K 4K A BR B} % ¢ 1-16[2023-11-22].
http://kns.cnki.net/kems/detail/62.1177.te.20230713.1404.
004.html.

LIAO Yun, ZHANG lJianyong, LU Pengda, LI Zeqi, LI Wen-
zheng, TIAN Tengzhen, WU Juan, SUN Wei, LIU Shugen,
DENG Bin. Multi-stage fluid activity and accumulation process
of the Middle Permian Maokou Formation in the northern slope
of central Sichuan[J/OL]. Natural Gas Geoscience: 1-16[2023-
11-22] . Hitp://kns.cnki.net/kcms/detail/62.1177.te. 20230713.
1404.004.html.

W, DR, B SO, FIEER, XS, Mk, 101 it oc i X
2Dy A FERHIE MR /R 1 SC LT R B TR 2224
(FRBIAR), 2022, 49(4): 474-481.

ZENG Tao, LIU Hao, XIA Wengian, TIAN Yaming, DENG
Jian, SHI Zejin. Characteristics and indicative significance of
calcite fillings in Maokou Formation, Yuanba area, Sichuan
basin, China[J]. Journal of Chengdu University of Technology
(Science & Technology Edition), 2022, 49(4): 474-481.

JRLE e, AR, MRLT L, A3 W0, W L AR, DRSS, AR, 5.
DU 1] 3t P PG R B 4 5 1 A LI = A i R I 5 43
A L1 AR B, 2019, 24(4): 67-78.

ZHOU Jingao, HAO Yi, DENG Hongying, GU Mingfeng, PAN
Liyin, YAO Qianying, YANG Yuran, LOU Xue. Genesis and

distribution of vuggy dolomite reservoirs of the Lower Permian
Qixia Formation and Maokou Formation, central-western
Sichuan Basin[J]. Marine Origin Petroleum Geology, 2019,

24(4): 67-78.

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

FHEE A AR B M X2 2B IR 5 i J2 IR AL S AR AR B 5T
[D]. B AU TR, 2014,

TIAN Xuesong. The geochemical study on the carbonate resev-
ior of the Maokou Formation in southeastern Sichuan
Province[D]. Chengdu: Chengdu University of Technology,
2014.

Veizer J, Fritz P, Jones B. Geochemistry of brachiopods: Oxy-
gen and carbon isotopic records of Paleozoic oceans[J].
Geochimica et Cosmochimica Acta, 1986, 50(8): 1679-1696.
Dan Y, Lin L, Liang B, Zhang Q, Cao J, Li J. Geochemistry of
the fracture-cave calcite of the ordovician Yingshan Formation
and its paleokarst environment in the Tazhong area, Tarim Basin,
China[J]. Carbonates & Evaporites, 2019, 34(4): 1511-1524.
WK, B, SRR, 255 H, AL, IRIRER A U i e
FHEIAARZET IM]. Jbat: H s Ak, 2022.

L, SRIRE, e ll, Jat, 250 a, TR0k, S, 2/
R SR ST B SRR L R AR M PR R RS e LA T
Wi 2208 L2 I [0] . P A, 2023, 42(4): 863-874.

DONG Honggi, ZHANG Qingyu, LIANG Jiapeng, LIANG Bin,
LI Jingrui, DAN Yong, NIE Guoquan, JI Shaocong. Carbon and
oxygen isotopic characteristics of karst fracture-cavity fillings
and environmental significance: A case study of Ordovician
Yingshan Formation in Tahe oilfield[J]. Carsologica Sinica,
2023, 42(4): 863-874.

LI, RPKE, B Mg, WOk, BeM, BeEA, 0. T
VL 1T T v 4 TR i LA ik 4 ) 62 3% RRAIE B ol PRI R
(0], PR, 2022, 41(5): 838-846, 837.

DONG Honggqi, ZHANG Qingyu, LIANG Jiapeng, DAN Yong,
LIANG Bin, NIE Guoquan, JI Shaocong. Carbon and oxygen
isotope characteristics and paleoenvironmental significance of
deep karst fracture-cave fillings in Huanjiang sag, Guangxil[J].
Carsologica Sinica, 2022, 41(5): 838-846, 837

S5, ZEIPIY, 2R, #REETE, 5. BT Hh X BB R kR
TR U A b IR A 22 R AR D BORAR ST (0], e
2, 2009, 25(10): 2399-2404.

CAI Chunfang, LI Kaikai, LI Bin, CAI Liulu, JIANG Lei. Geo-
chemical characteristics and origins of fracture-and vug-fillings
of the Ordovician in Tahe oilfield, Tairm Basin[J]. Acta Petro-
logica Sinica, 2009, 25 (10): 2399-2404.

Schopf T J M. Paleoceanography [M]. Cambridge: Harvard Uni-
versity Press, 1980: 106-107.

TKRIELL, Wk, B, SRERE, 255, MEE. 8 1T X8 1L A
SR SRS R SR (6 B AR M PREE R L) P R A,
2015, 34(2): 159-164.

ZHANG Zhenghong, DAN Yong, LIANG Bin, ZHANG
Qingyu, LI Jingrui, HAO Yanzhen. Characteristics of oxygen
and carbon isotopes of karst fissure-cave fillings in the Yingshan
Formation, Tazhong Il area, Tarim Basin and their implications

for environment [J]. Carsologica Sinica, 2015, 34(2): 159-164.


https://doi.org/10.3969/j.issn.1006-7493.2009.02.004
https://doi.org/10.3969/j.issn.1006-7493.2009.02.004
https://doi.org/10.3969/j.issn.1006-7493.2009.02.004
https://doi.org/10.3321/j.issn:0253-9985.1997.02.012
https://doi.org/10.3321/j.issn:0253-9985.1997.02.012
https://doi.org/10.3321/j.issn:0253-9985.1997.02.012
https://doi.org/10.3969/j.issn.1672-9854.2019.04.006
https://doi.org/10.3969/j.issn.1672-9854.2019.04.006
https://doi.org/10.11932/karst20230417
https://doi.org/10.11932/karst20230417
https://doi.org/10.11932/karst20220512
https://doi.org/10.11932/karst20220512
https://doi.org/10.11932/karst20150209
https://doi.org/10.11932/karst20150209

mI RS DU A S [l X FR 5 1 SR IR it 5 40 Bk S R (6 38 28 S B Rt e P05
Fa3E H3W BX 693

Differences of carbon and oxygen isotopes in coarse-grained calcite from the
Permian Maokou Formation in different regions of Sichuan Basin
and their significance in paleokarst environment

GAO Zhaolong', DAN Yong™, ZHANG Xihua', CAO Hua', DENG Min>’, CHEN Cong', HU Luojia'
( 1. Research Institute of Petroleum Exploration and Development, Southwest Oil and Gas Field Company, PetroChina, Chengdu, Sichuan 610041, China;
2. Chengdu Center, China Geological Survey, Chengdu, Sichuan 610081, China; 3. Key Laboratory of Sedimentary
Basin and Oil and Gas Resources, Ministry of Natural Resources, Chengdu, Sichuan 610081, China )

Abstract Oil and gas fields in karst carbonate reservoirs are widely distributed in China. A number of karst fracture-
vuggy reservoirs have been found in the Tarim Basin, the Ordos Basin and the Sichuan Basin. Therefore, research of
reservoirs in karst fractured caves has become one of the focuses in recent years, which indicates a promising future
and huge potential for exploring karst carbonate reservoirs in China. Reservoirs in fractured caves of the Maokou
Formation have always been one of the key areas for oil and gas exploration in the Sichuan Basin. Since the last
century when reservoirs in fractured caves in the southern Sichuan region were discovered, breakthroughs have been
made in this field in the Yuanba area of northern Sichuan, Yunjin area of southern Sichuan, and the Penglaiba area of
central Sichuan, demonstrating good exploration prospects. However, there has always been controversy over the
origin of fractured caves. One view suggests that the exposure of the Maokou Formation caused by the Dongwu
Movement and the occurrence of freshwater karst are the main reasons for the development of fractured caves in the
Maokou Formation, while another view suggests that fractured caves in the Maokou Formation are related to the
tectonic fluid activity during the burial period. these two views are mostly based on research in the southern Sichuan
region, and further consideration of the entire Sichuan Basin is needed to search for relevant evidence from geological
phenomena to geochemistry.

To understand the causes and differences of these fractured caves, we systematically sampled calcite for data of
carbon and oxygen isotopes from outcrop profiles or from drilling fractured caves in different areas of the Sichuan
Basin, in order to determine the paleokarst environment in which fractured caves were developed. Study results show
that fractured caves of the Maokou Formation in this basin are mainly composed of small-and-medium-sized
dissolution pores, fractures, and dissolution fractures. The carbon and oxygen isotopes of calcite in the Maokou
Formation can be divided into four types, indicating four types of paleokarst environment with different fluid
properties. Type I is the quasi syngenetic karst environment in which the oxygen isotope values of calcite in fractured
caves are basically consistent with the values of limestone or of Middle Permian seawater in the Maokou Formation,
with 8"C ranging from 1.80%o to 3.83%o and 5O ranging from —8.95%o to —4.11%o. Type II is the freshwater karst
environment in which high negative 8"°C and "0 values are present in calcite of fractured caves, with 5"°C<0%o and
3"°0 ranging from —12.00%o to —9.00%o. Type III is the buried karst environment in which lower 3O values are
significantly negative compared to the values of bedrock. However, 5" °C values are basically consistent with those of
bedrock, with 8" C ranging from 0%o to 3.83%o and &'°0 ranging from —12.00%o to —8.50%o. Type IV is the high-
temperature hydrothermal environment in which 3'°O values are significantly negative (<—12.00%o).

Regional comparison shows that the oxygen isotopes in central and southern Sichuan are more negative than those
in northern Sichuan, while the carbon isotopes in northern and central Sichuan are more negative than those in southern
Sichuan. Research suggests that buried karst is the main type in southern Sichuan, followed by freshwater karst and
quasi syngenetic karst, all together forming reservoirs dominated by fractures. In addition to quasi syngenetic karst and
freshwater karst, high-temperature hydrothermal karst is also developed in central Sichuan. The high-temperature
hydrothermal karst has formed dissolution pore reservoirs related to dolomite. The northern Sichuan is mainly
characterized by quasi syngenetic karst and freshwater karst, forming reservoirs mainly composed of dissolution pores.

Key words the Maokou Formation in Sichuan Basin, carbon and oxygen isotopes, paleokarst, karst reservoir,

hydrothermal karst
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