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Fluid Inclusion Characteristics of the Later Permain Reservoir in the Northeastern Sichuan

and Implications for Petroleum Accumulation
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Abstract: The northeastern Sichuan is one of important natural gas exploration areas in China. In order to reveal the
fluid characteristics of later Permian reservoirs in the area and the charging time of natural gases, this paper studied
occurrence, composition and petrographic characteristics of inclusions, micro-thermometric data, and Sm-Nd iso-
topes in calcites from Changxing and Wujiaping formations of northeastern Sichuan using isotope geochemistry prin-
ciples and the methods. The result indicated that there are three episodes hydrocarbon inclusions in later Permain
reservoirs of this area, that is liquid hydrocarbon inclusion, liquid hydrocarbon inclusion + gas-liquid hydrocarbon
inclusion, and gas hydrocarbon inclusion + asphalt inclusion + hydrocarbon-H, O inclusion. The homogenization
temperatures of the gas-liquid H, O inclusion, which coexist with the hydrocarbon inclusion in the three stages, are
71—111°C, 117—148°C and 149 —217°C, respectively. According to results of the homogenization temperature,
the thermal evolution history of the sedimentary basin and the burial histories of the reservoir, three episodes hy-
drocarbon charges are determined as 202—185 Ma, 182—169 Ma and 167 —120 Ma, respectively. The Sm-Nd age
of calcite filling the fissures of the third stage is of 126 £11 Ma. It is suggested that the hydrocarbon charge of the
later Permain reservoir began at the early Yanshannian and reached peak at the intermediate-late Yanshannian and
the Himalayan movement exerted lifting and corroding effects on the reservoir.
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Fig. 1 The sedimentary facies and palacogeographic map of the Changxing formation in northeastern Sichuan(modified from ref. [16])
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Fig. 2 Typical fluid inclusions in the later Permain reservoir of northeastern Sichuan
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Table 1 Homogenization temperatures and salinities of aqueous inclusions in the later Permain reservoir in northeastern Sichuan

/C, %)
/C.

1 55~97,16 71~78.2 9.60,2
i 95~150,4 125,1 20.29,1
i 102~133,5 117,1 19.09,1
I} 125~198,4 152,1 7.58,1
1 61~96,9 72~84,3 22.39,1
1 135~188,18 150~183,3 7.63,3
| 146~186,7 159,1 5.41,1
il 128~194,27 149~169,3 14. 20,1
1 97~138,18 118~125,2 9.62,2

Il 101~161,8 127,1
il 128~202,19 151~159,2 16.92,2
Il 89~149.,4 126,1 6.59,1
Il 122~149,8 137.1 8.99,1

il 172,1 172.,1
Il 121~161,19 134~145,3 10. 7,3
° Il 133~204,47 158~185,6 12.37.7
1 85~117,11 89~111,2 18.78,2
8 1 116~145,20 126~140,2 19.26,1
I 133~212,46 154~201,6 8.33,4
i 130~152,12 140~148,4 15.92,2
! m 135~230,54 160~217,7 11.65,8

2

Table 2 Laser Raman spectrometry analyses of fluid inclusions from the later Permain reservoir in northeastern Sichuan

( ) %
) CO, H,S CH, H,0
Pyw Cal 11 (2 100
Pyw Cal 11 ey 100
Pyw Cal 11 12) 0~3.6 0~13.3 86.7~100
Pyc Cal 11 (3 0~0.7 0~6.4 92.9~100.0
Pyc Cal [l D 100. 0
Pyc Cal Il D) 100. 0
Pyc Cal 111 (6) 0~39.1 0~56.9 42.4~100.0
Pyc Cal Il (@) 100. 0
Pye Cal 11 (6) 0~1.7 0~18.5 83.6~100.0
' P.c Qz I (6) 0~1.0 6.7~18.4  80.5~93.3
Psc Cal I 4 0~2.2 0~10.9 88.0~100.0
Psc Cal I (5) 0~1.0 0~21.4 78.6~100. 0
8 Pyc Qz 111 0 0~17.5 82.5~100
P.c Qz 111 ao 0~2.0 6.0~19.9 80.1~92.2
’ Pyc Qz I an 0~1.5 0~33.2 66. 8~100.0
Pyc Fl 1 (2) 0~1.0 99.0~100
Pyc Cal 1l QP 100. 0
Pyc Cal 11 e} 100. 0
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Fig. 5 Hydrocarbon charge stages of the later Permian reservoir in northeastern Sichuan(modified from ref. [27])

(C)1994-2019 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



112 /

@)

-H,0O o (6]

(7]

(2)
230°C,

55~

101~212°C,
(8]

9]

[10]

(References) : [11]

[1] Aplin A C, Larter SR, Bigge M A, Macleod G, Swarbick R
E, Grunberger D. PVTX history of the North Sea’s Judy oil-
field[J]. Journal of Geochemical Exploration, 2000, 60—70;

641—644.

[2] Dutkiewicz A, Volk H, Ridley J, George S. Biomarkers,
brines and oil in the Mesoproterozoic, Roper superbasin, [12]
Australia [J]. Geology, 2003, 31:981—984.

[3] Karlsen D A, Nedkvitne T, Larter S R, et al. Hydrocarbon

composition of authigenic inclusions: application to elucidation
of petroleum reservoir filling history[ J]. Geochim. Cosmchim.
Acta, 1993, 57.:3641—1659.
[4] Nedkvitne T, Karlsen D A, Bjgrlykke K. Relationship be-
tween reservoir diagenetic evolution and petroleum emplace-
ment in the Ula Field, North Sea[ J]. Marine and Petroleum
Geology, 1993, 10; 255—270.

[5] , , ,

[13]

[JJ.

Zhang Jinliang, Chang Xiangchun, Liu Baojun, Liu Feng-

, 2002, 76(2): 254—260.

ming. Fluid history analysis and formation mechanism of the
Yancheng petroleum reservoir [ J ] . Acta Geologica Sinica,
2002,76(2) ; 254—260. (in Chinese with English abstract)
Burruss R C, Cercone K R, Harris P M. Fluid inclusion pe-
trography and tectonic-burial history of the Al Ali No. 2 well;
Evidence for the timing of diagenesis and oil migration, north
Oman foredeep[]]. Geology, 1983, 11: 567—570.
[l.
,1998,13(4) . 1—4.

Zhang Jinliang. Application of fluid inclusions to the study of
oil reservoir filling history[ J]. Journal of Xian Petroleum Insti-
tute, 1998, 13(4):1—4.

Sm-Nd
23(9):2279—2286.

[J]. . 2007,
Gu Xuexiang, Li Baohua, Xu Shihai. Analysis of the charge of
the Shitouzhai Permian paleo-oil reservoir, Guizhou, SW-Chi-
na; Fluid inclusion and Sm-Nd isotope constraints[ ]J]. Acta
Petrologica Sinica, 2007, 23 (9): 2279 — 2286. (in Chinese
with English abstract)
, , [M]. : ,
2004 .370—394.
Lu Huanzhang. Fan Hongrui, Ni Pei. Fluid inclusions[ M].
Beijing: Science Press, 2004 :370—394. (in Chinese)
(17. . 2006,
25(1): 49—254.
Xie Zengye, Shan Xiuqin, Li Jian. The characteristics of fluid
inclusions in carbonate of the Feixianguan formation in north-
eastern Sichuan basin and its application to identify gas reser-
voirs[J]. Bulletin of Mineralogy, Petrology and Geochemis-
try, 2006, 25(1): 49 — 54. (in Chinese with English ab-
stract)
[J]. , 2002, 47(12) . 957 —
960.
Xiao Xianming, Liu Zufa, Liu Dehan. Study on reservoir-
forming time of gas reservoir according to information of fluid
inclusions[ J]. Chinese Science Bulletin, 2002,47(12):957 —
960. (in Chinese with English abstract)
[Jjl.
s 2006, 25(1):19—28.
Pan Liyin, Ni Pei, Ou Guangxi. Application of organic inclu-
sion study in petroleum geology-conception, classification,
formation mechanism and significance[ J ]. Bulletin of Miner-
alogy, Petrology and Geochemistry, 2006,25(1):19—28. (in
Chinese with English abstract)
(1. . 2006, 25(1) .12
—18.



[14]

[15]

[16]

[17]

[18]

[19]

[20]

Wang Feiyu, Shi Yulei, Zeng Huasen. To identify paleo-oil
reservoir and to constrain petroleum charging model using the
abundance of oil inclusions[J]. Bulletin of Mineralogy, Pe-
trology and Geochemistry, 2006, 25(1):12—18. (in Chinese
with English abstract)

’ ’

[J]. ( ) 52000, 24(4) ;95—
99.

Qiu Nansheng, Jin Zhijun, Hu Wenxuan. Study on the hy-
drocarbon charge history in Dongying depression by evidence
from fluid inclusions [J]. Journal of the University of Petro-
leum (Natural Science Edition), 2000, 24 (4) .95 — 99. (in
Chinese with English abstract)

1. . 2003, 19(2); 359—365.
Gao Yugiao, Ou Guangxi, Tan Shougiang. Research on the
charge times and stages of oil and gas reservoir in lower Esl
of Baishuitou structure at west slope in Qikou depression[ J].
Acta Petrologica Sinica, 2003, 19(2):359— 365. (in Chinese
with English abstract)
[Jl. ,2006,52(1) :25—29.

Ma Yongsheng, Mu Chuanlong, Guo Xusheng. Characteris-
tic and framework of the Changxingian sedimentation in the
Northeastern Sichuan Basin[]J]. Geological Review, 2006, 52
(1):25—29. (in Chinese with English abstract)

’ ; [M].
,2002.
Wang Chengze, Zhao Wenzhi, Zhang Lin. Sichuan basin geo-
logical structure level and nature gas exploration[ M]. Bei-
jing: Geological Publishing House, 2002. (in Chinese)

AR ,1998,23(3):285—288.

Wang Yigang, Yu Xiaofeng, Yang Yu. Applications of fluid
inclusions in the study of paleo-geotemperature in Sichuan ba-
sin[J]. Earth Science, 1998, 23 (3) ;285 — 288. (in Chinese
with English abstract)

’ ’

- [1]. s
2003,19(2) :327—336.
Tao Shizhen, Zhang Baomin, Zhao Changyi. Application of
fluid inclusion in oil-gas source trace[ J]. Acta Petrologica Sin-
ica, 2003, 19(2) ;327 — 336. (in Chinese with English ab-
stract)

, ’

Ll » 2006,25(1)
42—48.
Tao Shizhen, Zou Caineng, Zhang Baomin. The fluid inclu-
sions and reservoir forming characteristics of the oolitic beach
gas reservoirs in the Feixianguan formation of the northeast-

ern Sichuan[J]. Bulletin of Mineralogy, Petrology and Geo-

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

113

chemistry, 2006,25(1) :42—48. (in Chinese with English ab-

stract)

(. (D
)+2006,36(6):520—532.
Liu Dehan, Xiao Xianming, Xiong Yonggiang. Natural sul-
fur-bearing immiscible inclusions and H;S genesis of the
oolitic beach gas reservoirs in the Feixianguan formation of
the Eastern Sichuan[ J]. Sciece in China (series D), 2006, 36
(6):520—532. (in Chinese with English abstract)
Burke E A J. Ramman microspectrometry of fluid inclusions
[I]. Lithos, 2001, 55:139—158.
Potter R W I, Clynne M A, Brown D L. Freezing point de-
pression of aqueous sodium chloride solutions[ J]. Economic
Geology, 1978, 83:284—285.
[Jl. ,1996,16(2):103—108.

Shi Jixi, Yu Xiaoying. Characteristics of inclusion organic
matter in carbonate rocks and unconventional evaluation of oil
and gas[J]. Acta Mineralogica Sinica, 1996, 16 (2):103 —
108. (in Chinese with English abstract)

[Jl. , 2002, 20(2).
320—332.
Wang Jianbao, Guo Rutai, Xiao Xianming. Timing and pha-
ses of hydrocarbon migration and accumulation of the forma-
tion of oil and gas pools in Lunnan low Uplift of Tarim basin
[J]. Acta Mineralogica Sinica, 2002, 20(2): 320—332. (in
Chinese with English abstract)

[J].
,2000,19(2) .76 —84.

Liu Jianming. Dynamics of sedimentary basins and basin-fluid
related ore-forming [ J ] . Bulletin of Mineralogy, Petrology
and Geochemistry, 2000, 19(2);76 — 84. (in Chinese with
English abstract)
[R]. . 2006.
Hao Fang, Zhu Yangming, Zheng Rongcai. Study on the Dy-
namics of oil and gas accumulation in Xuanhan-Daxian area
[R]. Exploration and development of the South Branch of
China Petroleum &. Chemical Corporation, 2006. (in Chi-

nese)

[Jl. + 2005, 27(5): 455
—461.
Ma Yongsheng, Fu Qiang, Guo Tonglou. Pool forming pat-
tern and process of the upper Permian-lower Triassic, the Pu-
guang gas fleld,northeast Sichuan basin,Chinal[ J]. Petroleum
Geology &. Experiment, 2005, 27(5):455—461. (in Chinese
with English abstract)



