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ANALYSIS, TESTING AND APPLICATION OF OIL-GAS-BEARING FLUID
INCLUSIONS: A Review

QIN Jun, ZHAO Hong, DIAO Hui, MA Qing, HUANG Shan
Shanghai Branch of CNOOC Co., Ltd., Shanghai 200335, China

Abstract: With a review on the current situation of testing techniques and application for fluid inclusion from
petroliferous basins in oil and gas accumulation study, combined with the research experience in Tarim Basin, Junggar
Basin and East China Sea Shelf Basin, this paper discusses the measurability of inclusions in quartz secondary
enlargement edge, the selection of homogenization temperature test objects, the influence of later evolution on inclusion
color analysis, as well as the error of visual identification of inclusion fluorescence colors. Since the GOI value of
inclusions is affected by multiple factors such as in-situ stress field and heterogeneity of reservoir, the method should be
carefully used in the study of filling strength or paleo-reservoir. It is suggested that the utilization of inclusion
homogenization temperature data in discontinuous buried reservoirs be fully combined with the evolution of reservoir
forming conditions such as trap evolution, transport system evolution and hydrocarbon generation and expulsion
evolution of source rocks. It is not propose to simply use homogenization temperature to determine the reservoir forming
stages.

Key words: fluid inclusion; secondary enlarged edge of quartz; fluorescent color; homogenization temperature; oil-gas

accumulation
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Fig. 1 Microphotographs showing late destruction of trapped inclusions in quartz enlarged edge

a— A BEANR L AR RIS B S GAABHAR, X HF 5959.73 m, 3% (fluorescent inclusions of various colors in the enlarged edge of quartz, X well, 5959.73

m, fluorescent); b—TA] a, HLff)t (same sample as “a”, plane-polarized light); c— SR 1 PAS R E( 28 S0 224K, X I 4666.7 m, #¢5

(fluorescent inclusions of various colors in the enlarged edge of quartz, X well, 4666.7 m, fluorescent); d—1d] ¢, Bt (same sample as “c”, PPL); e—

AN K 1 1 7 SR IR, LA TR A A S AR R AR W T AR VE T, X 4220.5 m, 26 (enlarged edge of quartz locally damaged, early formed oil
inclusions asphaltized, X well, 4220.5 m, fluorescent); f—[7] e, Bl Y(same sample as “e”, PPL)
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Fig. 2 Homogenization temperature of Jurassic inclusions in
different areas of central Junggar Basin
1—8 {8 5 Y6 BA (yellow fluorescent inclusion); 2—i (4.5¢ 40 3 &
(blue fluorescent inclusion); 3—F & ¢ Jt {1 & & (white

fluorescent inclusion )
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Fig. 3 Microphotographs of fluid inclusions in Xihu Sag, East China Sea Shelf Basin
a—F V) S50 BEPURL TR BR A A O PR SR (0 LA, X1 4402 m, 95t (yellowish green inclusions along the microcracks in quartz, X1 well, 4402 m,
fluorescent ) ; b—2 4 U] 28 7 YUk AT B b 1 A A0 A, X1 3 4402 m, H0i) (inclusions in multiple microcracks cutting through quartz, X1 well,
4402 m, PPL); i [Al—J5 10 Y1 27 A0 JERSURL Y 3 SR 4 o3 A i i 2t 0 644, X2 JF 4690.47 m, 55 (bluish green inclusions along 3 microcracks
in quartz with the same direction, X2 well, 4690.47 m, fluorescent); d—2& %) 5F 47 5 JURE A9 S 22 Bt v 2 B 0 2 44, X2 H 469047 m, Hifhiok
(inclusions in multiple microcracks cutting through quartz, X2 well, 4690.47 m, PPL); e— VYIS SR B A (R B (B A B4, X3 I 4125 m,
¢ (yellow inclusions along the microcracks in quartz, X3 well, 4125 m, fluorescent); f—2 25 55 4 SEURL Y LR FP 2 & AL 3K, X3 FF 4125 m,

B4l Y% (inclusions in multiple microcracks cutting through quartz, X3 well, 4125 m, PPL)
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Fig. 4 Fluorescence color changes of inclusions under microscope in different multiples and objective lens
a—K J 4135.32 m, x50, 5%, IR W5 2 (K well, 4135.32 m, 50 times, fluorescent, white by naked eye); b—Ir] a,x100,%5¢ 5%, A AR W12 5 B 4%
&, (same sample as “a”, 100 times, yellowish green by naked eye); ¢—K 3 3865.32 m,x100,%¢), PR W2 5 #4% €4 (K well, 3865.32 m, 100 times,

fluorescent, yellowish green by naked eye); d—[f] c, JEEEY) 55 P IR W4 52 ¥ (1 €4 (same as sample “c”, blue and white after adjusting objective lens)
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Fig. 5 Vertical distribution characteristics of GOI value in heterogeneous reservoir
1—2%482 (poor-quality reservoir); 2—Ffi)z (high-quality reservoir); 3—fi#ZIEH T M (heterogeneous interface of reservoir); 4—7t it 5L i
(paleo-reservoir interface); 5—2:fifi |2 4 A #5148 - W48 H- (rock cast thin section of poor-quality reservoir); 6—0 it )2 & 7 ¥ 138 A S 13 BE

(rock cast thin section of high-quality reservoir)
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Fig. 6 Analysis of filling history of L gas field in Lishui Jiaojiang sag, East China Sea Shelf Basin
1—15 )2 (caprock ) ; 2—fif )2 (reservoir) ; 3— H /& R & (marine source rock); 4—i #1455 (lacustrine source rock ); 5—f 3 (&4 & (inclusion

location ) ; 6—%5—32 /5 (first intersection); 7—55 38 &5 (second intersection )

2 3Lk ( References ) :

[LIRET, Apkss, PhEAM. PURRZE A 7R G R B 5 n BT 55 2B
L] 7 9a 0 ek L), 2006, 25(1): 1-11.
Ou G X, Li L Q, Sun Y M. Theory and application of the fluid
inclusion research on the sedimentary Basins [J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 2006, 25(1): 1-11.

(27 0. fif )2 I MG BEAAHORBES S RTID ] RS - PG RS A i

%, 2013: 1-10.
Pan X F. Research and application on reservoir fluid inclusion

technology[ D ]. Chengdu: Southwest Petroleum University, 2013: 1-10.

[3IpEaks), A, MWL, & AHEEELHSMIMCRI]

=R (B ), 1987, 17(3): 318-325.
Shi J X, Li B C, FuJ M, et al. Organic inclusions and their relationship
with oil and gas[]]. Science China Chemistry, 1987, 17(3): 318-


http://www.fineprint.cn

5% 3 1 BOZEAE A R AR A i 1 IR RSk 457

325. (in Chinese)
[4]Goldstein R H, Reynolds T J. Systematics of fluid inclusions in
diagenetic minerals[ M ]. Tulsa, Oklahoma: SEPM, 1994: 1-199.
[5JEMe«, #24RE, K3CH, S5, BRVGF R I VA — [l B P38 40 PRI
IRELBARRELY . U5 BEUR, 2014, 23(3): 284-287.
Han P F, Yang X K, Zhang W G, et al. Characteristics of fluid
inclusions of the Damogou-Naoyangping fluorite deposit in Shaanxi
Province[ ] ]. Geology and Resources, 2014, 23(3): 284-287.
[6)5iAR, Warid, Rifple, & SR oL A S S ALk = A
ARAFHELT ] MBS HR, 2013, 22(2): 125-128.
Qiang J, Cao H X, Wu H'Y, et al. Characteristics of fluid inclusions
in the Lower Paleozoic Majiagou reservoir in Yanchang exploring area
[J]. Geology and Resources, 2013, 22(2): 125-128.
(7 V5. LR SO B 5 B ™ 1l B —— IR SO e AR A i
PRBETER AR ] BT PRHUBE, 1995, 14(3): 281-289.
Lai Y. Metallogenic conditions and processes of the Wendeng gold
deposit, Shandong Province: The application of cathodo-luminescence
to fluid inclusion study[J ]. Mineral Deposits, 1995, 14(3): 281-289.
[8IARTVH, JR3CHR, RIEHE, 45, ZU41 WAMBELT AN G0 B X I 2 A i W
TR AR AR EE A . ISR il [) ], 97244k, 2011,
31(3): 366-371.
Ge X, Su W C, Zhu L 'Y, et al. A study on the influence of infrared
light source intensity on salinity of fluid inclusion in opaque mineral by
using infrared microthermometry: In the case of stibnite [J]. Acta
Mineralogica Sinica, 2011, 31(3): 366-371.
[oJERAE T, FIFFIE. T MmER “AvPAr EAEHAR SR AT ], dhBkRH
%, 2019, 44(3): 685-697.
Qiu H N, Bai X J. Fluid inclusion “Ar/*Ar dating technique and its
applications[]]. Earth Science, 2019, 44(3): 685-697.

(101 %%, PRELIX. RIS (O K S R )], HUBRFY
P EHUTOR R, 2008, 33(1): 91-96.

Zhao Y J, Chen H H. The relationship between fluorescence colors of
oil inclusions and their maturities [J]. Earth Science — Journal of
China University of Geosciences, 2008, 33(1): 91-96.

[1LJRBEE, faFA:, DEf, 5. A m AL IR T 15500 1 = MG

LW3-1-1 FFFE iR ()] o o m s, 2010, 15
(1): 52-56.
Zhu J Z, Shi H S, Pang X, et al. Hydrocarbon fluid inclusion in
studies of periods and times of hydrocarbon charging in well LW3-1-1,
Pearl River Mouth Basin[]J]. China Petroleum Exploration, 2010, 15
(1): 52-56.

(12508, WRE3, /A, 45, bR 2 g [ MR A B 4o Ll <
JF R AL ARIESE ) ], ArAEd, 2021, 42(10): 1325-1336.
Yang D X, Chen Y, Li X D, et al. Evidence from fluid inclusions for
hydrocarbon accumulation of Yangshuiwu buried hill in Langgu sag,
Bohai Bay Basin[J]. Acta Petrolei Sinica, 2021, 42(10): 1325-1336.

(13 ]R8k, Bmezs, skarve, . /R AR 1 KPR =TI 4R

AR B S 2 e e - B iR (0], KRBk
R, 2015, 26(3): 466-476.

Zhao H, Luo X R, Zhang L K, et al. A sign to the multi-phases
hydrocarbon charge and adjustment: Fluid inclusion study from the
Sangonghe formation in the No. 1 block, the middle Junggar Basin
[J]. Natural Gas Geoscience, 2015, 26(3): 466-476.

(1414518, HHE, Aea2, S5 [HRCARHIER R H DXHE KA =R
Srteld ] AR, 2021, 33(6): 21-28.

Li B, Cui J P, Li Y, et al. Hydrocarbon accumulation phases of
Yanchang Formation in Wugqi area, Yishan slope [J]. Lithologic
Reservoirs, 2021, 33(6): 21-28.

(15 4Bt , Bk, D05, 5. POIIIMIRA FL A2 oAl 1 - W 4L <R I &

FEAAFAELT ] AmREiE AR, 2021, 6(2): 196-208.
Li CY, Wei L, Diao H, et al. Hydrocarbon source and charging
characteristics of the Pinghu formation in the Kongqueting structure,
Xihu depression[ ] ]. Petroleum Science Bulletin, 2021, 6(2): 196-208.

[16 IR, w8k, YRITon, 5. )11 PG X7 1 2 I BER SR R

BOHTLI ] DA E244, 2021, 45(3): 1-9.
ChenZ Y, Meng X W, Shen K'Y, et al. Analysis of gas accumulation
process of the fourth member of Leikoupo Formation, western Sichuan
Basin[J]. Journal of Northeast Petroleum University, 2021, 45(3):
1-9.

[17]FEAR, BREIE, B, 55 5 AR SUX & 8 B M ZEARHE

Bty R )], UL 22 4R (A AR BRA R0, 2021, 48
(1): 94-100, 120.
Wang S F, Chen M N, Zhao ] Z, et al. Fluid inclusion characteristics
and paleo-pressure recovery of the He-8 Member in the Sulige gas
field, Ordos Basin, China [J]. Journal of Chengdu University of
Technology (Science & Technology Edition), 2021, 48(1): 94—
100, 120.

L8 xIsI, ERIFE, B, & M HE SRR AR RE K

SRR LY ] P2 AT R 2R (B AR R, 2020, 35(6):
17-21.
Liu C C, Wang Y Y, Zhao S, et al. Study on fluid inclusion
characteristics and hydrocarbon accumulation periods of Leikoupo
Formation in Pengzhou gasfield[ ] ]. Journal of Xi’an Shiyou University
(Natural Science Edition), 2020, 35(6): 17-21.

(19 JRARTE, F4k, X178, & R DK OLE M o i AR

fiE-S BRI ). TG <O, 2020, 27(5): 545-550.
Xu Y D, Wang L, Liu Z C, et al. Characteristics of fluid inclusions
and time frame of hydrocarbon accumulation for volcanic reservoirs in
Chepaizi uplift [J]. Fault-Block Oil and Gas Field, 2020, 27(5):
545-550.

(20 Rk H , TR, Wbk, 2. JHPH R M IURT 40X L5 BRE v
(] PRk (A RRAIR) . 2020, 35(4): 11-18.

Jin Q Y, Fan C W, Hu L, et al. Fine correlation of oil sources and

hydrocarbon accumulation stages in Weixinan depression[]J]. Journal


http://www.fineprint.cn

458 oo B

Ej

2022 4

of Xi’an Shiyou University (Natural Science Edition), 2020, 35(4):
11-18.

(21 JXIHEEE, Moz, XU SRIRIMIRG Az SR A AR AR 5 i U
I ). W LB, 2020, 36(4): 55-60.

Liu S H, Lin X Y, Liu J. Characteristics of fluid inclusions and
hydrocarbon accumulation phases of the Mesozoic in the Jiyuan sag
[J]. Marine Geology Frontiers, 2020, 36(4): 55-60.

(22 s Sk, I S AR AR AR A W5 T i L PR 92810 23 [0 ).
FM BRI, 2002, 30(2): 83-89.

Zhao] Z Hydrocarbon inclusion analysis: Application in geochronological
study of hydrocarbon accumulation[J]. Geology-Geochemistry, 2002,
30(2): 83-89.

(23 JWIZb8e, TG . VA VAR 2 MR I o3 BT 2 O B HCAE T S5 v 14
ROALT] AR S %, 1997, 24(3): 29-33, 98.

Liu S B, Gu ] Y. Analytical methods of fluid inclusions and applications
to the study of oil and gas[J ]. Petroleum Exploration and Development,
1997, 24(3): 29-33, 98.

(24 |25 Mg, Pelfiar, Wi 2E, 55 el A 068 2 i i e 22 (R
ST B ST 0yt R A2 4, 2009, 28(1): 34-41.
Li SM, Pang X Q, Yang H J, et al. MCI analysis and its significance
of Palaeozoic reservoir in Tarim Central Uplift [J]. Bulletin of
Mineralogy, Petrology and Geochemistry, 2009, 28(1): 34-41.

(25 il , AEMR, FHEA, & MR LA - — B R RIS

FEXHM B IITIE 1T ] FMOE 2R GRERFHERR), 2015, 45
(5): 1342-1351.
Han W, Ren Z L, Lu J C, et al. Discussion on hydrocarbon
migration based on characteristics of inclusions in Carboniferous-
Permian of Yin’e Basin[J]. Journal of Jilin University (Earth Science
Edition), 2015, 45(5): 1342-1351.

(2618, b, Aitiy, 5 WAEBRMDIE IR 7Y
i, 2013, 33(1): 92-100.

Zhou H, Xi A H, Xiong Y X, et al. Progress in the research on fluid
inclusions[J]. Acta Mineralogica Sinica, 2013, 33(1): 92-100.

(27 Jank, ¥, T, 45, JE TRk PVTx BUERLBUIR & ity

T E——FAAE A TR0 X e RS2 (T ] A i SE s e, 2021,
43(5): 886-895.
Xi B B, Jiang H, Xu J, et al. Reconstruction of paleo-temperature
and pressure of oil reservoirs based on PVTx simulation: Problems,
strategies and case studies[]]. Petroleum Geology and Experiment,
2021, 43(5): 886-895.

(2815, W55, BRI, 5. E2RRAAMAIIS PVT Bl 7
WRLT] AR, 2020, 29(2): 751-756.

Mao C, Chen Y, Zhou Y Q, et al. Identification of hydrocarbon
inclusion types and PVT simulation methods[J]. Rock and Mineral
Analysis, 2020, 29(2): 751-756.

(20 12, Zpr, EdE, 5. iz PRV A (B4 o 9530k At B iR

U DX PR B A it L SRR YRR () . B, 2016,

30(4): 890-895.
LiJ W, Li Q, Xia X H, et al. Determination of hydrocarbon charging
history by diagenetic sequence and fluid inclusions: A case study of
the Angdaercuo area in the Qiangtang Basin[J]. Geoscience, 2016,
30(4): 890-895.

(30 I3k R 35 B 7 3t - 1% s e A3t DX i SO e 52 [0 1. 41
YT, 2021, 43(6): 1015-1023.
Zhang Y M. Petroleum charge history of the slope area of Katake
uplift in Tarim Basin[J]. Petroleum Geology and Experiment, 2021,
43(6): 1015-1023.

[31]FERLL, AW AR5ty e o oh b A i R B Pl /LD 0. P
AHRAE R CARRAR), 2012, 34(1): 49-58.
Wang J H, Yang F. Adjusting and controlling effect of Chepaizi-
Mosuowan paleo-uplift on paleo-reservoir and hydrocarbon accumulation
[J]. Journal of Southwest Petroleum University (Science & Technology
Edition), 2012, 34(1): 49-58.

(32 X, ALECR], SO, 2. SRR 234 g 30 4 4 2 3 ~UmeRcy)
HWFFEL0]. BRI, 2019, 33(6): 1263-1274.
Liu R C, Ren Z L, Ma K, et al. Classification of hydrocarbon
accumulation phases of Yanchang Formation in southern Ordos Basin
[J]. Geoscience, 2019, 33(6): 1263-1274.

(33 JURBEA, WA=, XU4oK, 4. AR VG I8 TUTRE R AR SOOI 19 17 ¢
B SREAALT] ATk, 2021, 41(11): 64-73.
Xu CJ, YeJ R, LiuJ S, et al. Key evidence of gas accumulation
period in Xihu sag of the East China Sea Shelf Basin: Gas hydrocarbon
inclusion[ J]. Natural Gas Industry, 2021, 41(11): 64-73.

[341BEEAT, FRIUE, TRBE, % WG AMARZR 10 X CO, i ik
FROE B R A e S L) ). A SC i i, 2021, 43(5): 835-843.
Shui L L, Guo L'Y, Xu X D, et al. Fluid charging history in Ledong
10 area, Yinggehai Basin, revealed by CO, inclusion characteristics
[J]. Petroleum Geology and Experiment, 2021, 43(5): 835-843.

[35 )M, JuLish, fids, . MiR@ARIM . deat: Bl mat,
2004: 371-394.
Lu HZ, Fan H R, Ni P, et al. Fluid inclusion[ M ]. Beijing: Science
Press, 2004: 371-394. (in Chinese)

(36 JXIEDL, poffess, 1 WEH. S g e R A A i R AT S rh i
REFAIM T e AR A, 2007 32-36.
Liu D H, Lu H Z, Xiao X M. Oil and gas inclusions and their
application in petroleum exploration and development[ M ]. Guangzhou:
Guangdong Science and Technology Press, 2007: 32-36. (in Chinese)

[37]F®F, IR, SR, 5. AT IE AR RS A R
RO LT ] i E R e E R, 2006, 25(1): 12-18.
Wang F Y, Shi Y L, Zeng H S, et al. To identify paleo-oil reservoir
and to constrain petroleum charging model using the abundance of oil
inclusions [J]. Bulletin of Mineralogy, Petrology and Geochemistry,
2006, 25(1): 12-18.


http://www.fineprint.cn

