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Abstract Microscopic observations on fluid inclusions from Gourong-Huanggiao region, Jiangsu Province showed that there are two
distinct types of oil inclusions. One is from the Triassic limestone with yellow to brown-yellow under transparent light, bright yellow
under a fluorescent microscopy and relatively big in size. Another is from the Lower Permian limestone with yellow to yellowish green
under a fluorescent microscopy and relatively small in size. Molecular geochemical analyses of the two groups of oil inclusion
demonstrated that oil inclusion group from the Triassic limestone was characterized by low ratio of C,/C,in the gasoline hydrocarbon
and enriched in biomarkers as tricyclicterpenoids, pentacyclictriterpenoids and regular steranoids, while oil inclusion group from the
Lower Permian limestone was characterized by high ratio of C,/C.; in the gasoline hydrocarbons and was non-detectable for the
biomarkers. The homogenization temperature distribution of fluid inclusions from the Triassic and Lower Permian limestones suggested
that multi-phases of oil inclusions occurred in the reservoir rocks. The PVTsim modeling showed that the trapped temperature and
pressure of oil inclusion from the Triassic limestones in Gourong region are 107. 9°C and 289bar, respectively, indicating a filling
history of the Late Cretaceous (90 ~ 83Ma), while the trapped temperature and pressure of oil inclusion from the Lower Permian
limestones in Gourong region are 123°C and 305. 95bar, respectively, revealing another hydrocarbon-filling history with a relatively
high temperature in the Late Cretaceous. Two distinct types of oil inclusions with yellow and yellowish green, respectively, was
identified from the Lower Permian limestones in Huanggiao region where CO,gas reservoirs occurred. These two types of oil inclusions
were spatially intersected with each other. The PVTsim modeling on the yellow one produced a trapped temperature of 97. 3%C and a
trapped pressure of 184. 75bar, while the yellowish green one with a trapped temperature of 145. 5°C and a trapped pressure of
220. 05bar, corresponding to the migrating and filling history in the Late Cretaceous (95 ~90 Ma) and the end of Cretaceous (65 ~ 60
Ma), respectively. However, due to the tectonic uplifting during the Late Cretaceous to Tertiary, petroleum reservoirs were destroyed
and no hydrocarbon flnids were found to be accumulated except the CO,filling in the Himalayan period.

Key words Fluid inclusion, Microscopic fluorescence, Homogenization temperature, PVTsim, Trapped temperature, Trapped
pressure, Biomarker
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Table 1 Sample description with age, lithology and microscopic fluorescent
K5 LS 5 FB(m) B HYE T
1 JS-1 Hs1 1172.49 €2, KABHEE
2 1S2 51 1220.95 0, BIRBATE
3 1S3 31 1238. 11 0,2 HFREKRARE
4 IS4 HE1 1241.7 0.2 FIROKEAZE
5 IS5 Vit 1 2582.78 € 23¢ dsE=Pes
6 1S6 Vi 3207.3 S, IR e &
7 187 24 1406. 38 €2 KeHnA
8 Is8 ¥F 24 2376.6 0oy KEBHEE
9 1S9 %21 2863. 13 €2, KeRRBETE
10 J5-10 ME ] 3030.42 € 234 BRIRBHAZE
11 Js-11 M5 3056. 02 € 24 BIRAEKAZSE
12 JS-12 ME 1 3501.96 €23 KK E
13 JS-18 BRIV 3099.06 €234 WREKEA S H
14 15-19 Mody 1 3098. 40 €23, FIROKEARAE
15 Js-21 w51 3343.31 Ty, WIKOIKE
17 JS-23 w51 3436. 12 T, HIKBIKE
18 1524 51 3806. 29 Ty, WK BIKE
19 Js25 oE | 3529.77 Ty, WK BIKE
20 1526 wE1 3812.60 Ty, WK E
21 1s27 1 3771.01 S WK IR e
23 1s-28 EFHL 3858. 41 0y, KEKE
24 1529 ZF 1 4088.7 €23, BRBATE
25 1530 R 1284.20 Ty, [y )
26 1537 #1 696.09 P TR B 8RR FRAAER
27 1S538 2 387.03 T, RIRAKE EP 3 RaE 20
28 15-39 #3 1604.78 Py K BREKE EY3,RIE 1N
29 1S40 51 4471.06 € Lmu BRRBHEE
30 141 151 4473.33 € Ims WK IR A
31 Js42 R 2694. 04 D, HRIK 6 SR
32 1543 R 3963.06 Oy HREBHBERKE
33 JS44 186 4643.52 €234 RBKABBZSE
34 1545 186 4642.47 € 234 A= P =
35 1546 7186 5088. 46 ~ 5090 0, by S =bre
36 Is47 T 86 4624.48 € 234 KEGEHZE
37 1548 N13 1881.84 ~ 1882 P, KB A IR IR
38 Js49 N13 1999.5 Py, KBEIKE TR R
39 1$-50 ¥ 174 1854. 35 ~ 1854 ” KB E R mER
40 13 Gt bk T, WRIRBIKE FIOR Rk
a1 i w2 501 C, TRAB IR S AOF
'y} 12 w2 635 Gy, Kaahghs FIOLEERE
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RACGEELEFEE, TS HEEHTHE A NEN
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EHHEG R MAEERT BT ARG EH. 24
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Gourong-Huangqiao region, Jiangsu Province
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Table 2 Microthemometric data of fluid inclusions from Jiangsu Province
HE H—BE 7K VIR IRE at 14 R
}:: :\Z "“"tt %E
RS | Ly R A (<) ) () (%)
Is1 | HE1 1172 €s |HEH 183.5 183.3 15.2 16.1 HEH
13 I Tly |K# 109.1,98,96 -0.7,0.2 -10.7 14 yil 2o
Is6 | iFh1 3207.3 S, | BEE 126,131 134,142,145 -7.7-10.1 -13 =27 91111.6 HEH
119,114.6,100.7 -4.0 -21.4 7.9
1 wI2 | 501 Co,  [MKtOIRE | 133 149,151,153 167 168 | -12.6 -10.4, | -21. - ,24. | 13.410.9 KRG
172 179 151.2 -7.1-14.9 -23. =21 12.512.7
2 | ®mI2 | 635 Cy, |Bpaby: 141 142 P53
S12 | Mz 1 3501.96 | .3 |KE 141 -10.2 14.115.1 Vit 7=
24 | 51 3806.29 | Tlq |Ki 98, 114 7.8 10
125 | #E 1 3520.77 | Ty, |K# 89 91 11.6 13.4 i
. - 26 |1 |3 114.1,123,138, 6.57.28.6
S2 i% 1 3812. s
! % T |kE 135,141,146 91111.6
Y 0 137 135,153.5 16.7 17 R e
JS29 | XFh1 4088.7 €43 ) -2.1 -4.1
2P 182 199 206 20.121.6 fik
%H.78.7 5.5-613.6
1837 | &1 696.09 P (@A TR 86.7,143 -6.4 -10.1 13.716.9 o
86,87 121 138 143 145 -6.7 -10.2 9.7,13.
3 68,85.9 90.5
;737& 108, 110 111 59,65 HRG
. . K IJG: » s 1
J$38 | %2 387.03 N, |K¥ -1.3,-2.1 -21 7.5,8.6,9.0
120.,128.2, Bk
36 1473 -1.3-4.4,- | -20.1-20. | 11.0,11,16
| )
%94 95 96 6.7-17.5
T 111 112 5.8,4.9.4.4 | kg
JS39 | A3 1604.78 | Pl PR JG K
“ 1 = 143.6,143. 8,135, 142 | -4.2 -7.3 10.7,11.1 fkeh
146,149,153,153 180.4 | -6.9 11..2,15
Bz 148.5,181.5 ,182. 5 -12.4 -26.5 10. 4, 12. 1
43 | 281 3963.06 | O B
¥ " 181.8 _6.4 ~26.8 14.415.7
119 119, 118.5 7.44 8.1
) B -6.9 -21.7 o
Js44 | 86 4643.52 | e,5 |BZE 129,130.5,134,140 ,141 - " 11.2512.5, 1 &4
149,152,153.7,162.7 o ’ 12.75,13.7
) . 1211121 112, 121, 124. .
Js47 | H 86 4624.48 | €,3 |HE&H 6146 12,12.9 HEA
Js48 | N13 1881.84 | P, TR W .69.2 86 5.8 ,7 yox 22t
K HLfa #9.69.3 79 - 13.3
T Fk 111 112, 112, 10.9 7
1849 | NI3 1999.5 | p, |*" * it
113, 114, 144. 4, 148. 15.8,14.7
115,160,161,172 ,177, -4.8, -6.4 -20.7 14.9,15.9
K ML 386,124, 132.4 5-6
A KIG N , .
Js52 | F174 1970.12 | P, . 9-10 Jrigt
"k L}Eﬁi‘ﬁ;94,139,140,124 -4 -4.5 ‘o
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Table 3 Gas composition of the group of fluid inclusions from GC analysis
K& 9 57 e C1% 2% C3% iC4% nC4% iC5% nC5% C,/(Cy +Cy) C,/Cys
JS38-1-Tlq %2 36 15 19 8 12 8 6 1.05 0.56
JS39-Plqg %53 53 17 13 8 6 4 3 1.79 1.13
J$49-Plq NI3 65 14 10 9 4 2 1 2.71 1.89
JS52-1-Plg 7174 55 12 10 7 6 9 4 2.40 1.20
J$48-Plq NI13 55 4 2 2 27 11 1 10.09 1.24
£4 QRUAASRLBAINSY
Table 4  Liquid hydrocarbons of the group of fluid inclusions from GC analysis
s Wi EAi B ER 274 Cy1-/Can oy OEP T Pr/nC17
J5-38-1 w2 Tlq C11-C36 Ci6.Cos 1.02 1.01 0.93 1.16 1.03
J5-38-2 %52 Tlq C13-C35 Cos-Cos 0.17 1.02 0.92 0.92 1.08
18-39 %3 Plq C11-C39 Cis 1.07 0.98 0.99 0.7 0.35
1549 N13 Plq C12-C34 Cyo 0.45 1.06 0.96 2.89 1.34
JS-52-2 Jr 174 Plq C21-C36 Cigao \Co3 0.15 0.96 1.00
J5-52-1 Jp 174 Plq C12-C34 Cig 1.25 t. 00 1.01 0.99 0.49
-~ o “ » |
6 AMBIEAHIKIRLE R B
e HE
A it B A R A1 2 S o TR T E A ) £
LR i
y Y S

5 NI3 #1999.5m, J49. T &R KETH K
BRARRBEOCIIZEE
Fig.5 Laser raman spectrum of gas inclusion from the

Lower Permian limestone, well N13 1999, 5m, JS49
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Fig. 6 Gas chromatograms of the extracted organic matter from fluid inclusions collected from the Lower Permian-Triassic limestones
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Fig. 8 Determinnation on the trapped pressure (Pir) and trapped temperature( Ttr) of Petroleum inclusions using PVTsim
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Fig. 10 Determinnation on the trapped pressure (Pr) and trapped temperature( Tr) of Petroleum inclusion using PVTsim
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Plate I Photomlcrographs of petroleum and aqueous inclusion

1, 2. Rong2 well, 387.03m, a lot of vellow oil inclusion in the calcite of light gray Ty, limestone. 1) transmitted light, 2) incident
fluorescence. 3, 4. Rong 2 well, 387.03m, a lot of organic inclusions in the caleite of light gray qu limestone. 3) transmitted light,
4)incidem fluorescence. 5, 6. Rong 2 well, 387,03m, a lot of yellow organic inclusion sand non-fluorescence saltwater inclusions in the
caleite of light gray Ty, limestone. 5) transmitted light, 6) incident fluorescence. 7, 8. Rong 3 well, 1609. 7n1, a lot of vellow and green-

vellow fluorescence inclusions in the calcite vein of deep gray P; limesione. 5) ransmitted light, 6 }incident fluorescence
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Plate I Photomicrographs of petrolenm and aqueous inclusion

1, 2. Zhen 86 well, 4624.48m, e, a lal of regular and the approximale sume ralio of gus/liquid saltwaler inclusian group in the dolomite
transmitted light. 3, 4. Rong 2 well, JS38, T, , alot of vellow regular and the approximate same ratio of gas/Liquid oil inclusion in the
caleite vein of limestone , 3 )iransmitted light \4) incident fluorescence. 5. Rong 2 well, 387.03m, Tiys a lotof yellow fluorescence oil
inclusion near the suture of linestone, incident flnorescene. 6. N13 well, 1990m, P, , the thin caleite veins containing the small green-
vellow fluorescence organic inclusion in limestone are incised by the wide caleite containing no inclusion, incident fluorescence. 7. Bing
Il - 250im, C,, afew of green-yellow fluorescence organic inclusion, incident fluorescence in limestone. 8. Su 174 well, 1854m, 1
a lot of yellow and green-vellow fluorescence inclusion in the calcite vein of deep gray Ty, limestone, incident fluorescence
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