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Paleo-pressure of Fluid Inclusion in the Yingshan Formation
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Abstract: The reservoir paleo-pressure has implications to investigate the oil and gas charging events. This paleo-pressure can be
restored by using PVTx thermal dynamics simulation of reservoir fluid inclusions based on components, homogenization temperatures
and gas liquid ratio in combination with simulation software. A case study of the Ordovician Yanshan Formation in the Manan structural
belt of the Maigaiti slope, Tarim Basin was conducted. First, the gas-liquid ratio of oil inclusion was measured by laser confocal scanning
microscopy. Then, the fluid inclusion homogenization temperature was obtained by a heating/freezing system. Finally, the maturity of oil
was studied by the fluorescence spectrometer. The oil and gas charging events and the pressure of each stage of fluid charging were
recovered. The application of this methodology can effectively distinguish the paleo-pressure values of the different stages of fluid

charging. Results show that there are two phases of oil and gas charging in the Yanshan Formation of the Manan structural belt. The first
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phase occurred in the middle and late Hercynian, mainly charging with orange fluorescent oil. The oil inclusions have a homogenization

temperature range of 43~59.2°C., associated with the same period of aqueous inclusions, whose homogenization temperature ranges at

58.1~85.3°C . The paleo-pressure of reservoir fluid was 13.63~14.78 MPa, and the crude oil was of low maturity according to the

fluorescence parameters of oil inclusion. The second stage occurred in the late Himalayan period, mainly filled with yellow-green,

blue-green, blue-white fluorescence color of crude oil. The oil inclusion homogenization temperature ranges at 66~142.3°C., associated

with the same period of aqueous inclusion, whose homogenization temperature is of 95.4~189.2°C.. The paleo-pressure of reservoir fluid

is of 20.09~33.52 Mpa. The crude oil was of medium-high maturity. The results of this study can help to improve the understanding of

hydrocarbon accumulation in the exploration area.
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Table 1  Fluorescence parameters of oil inclusion in the

Yingshan Formation of the Manan structural belt

eI N - Nk \ max Q QF535
HliiER-SN Rt 580.5~643.8 0.9~1.80 1.98~3.99
A ok 536.4~5472 0.50~093 130~2.19
LRI WS 491.6~5183 0.19~07 0.65~1.58
TR W 4575~4693 021~043 0.62~101
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al 5a2: YB33F, 5444.8 m, Oy, KA, WILFRHT A h WK ZB OTOEIMEEMAR; b1 5b2: YB7H:, 63734 m, Owy, KA, AT

AL R R ORI o1 52 YBSHF, 5409 m, Oy, B, WALFEEUT A R LSS E . B OmEER; dl5d2: YBSIF,
5339.4m, Oy, B, REETETTA T IR E A EIOGMEEE (GO0, Z£RENG; a3, b3, 3. d3 W RHOGIERD)

al and a2: YB3 well, 5444.8 m, O,.,y, limestone, a large amount of orange fluorescence oil inclusions were observed in the calcites filling in dissolved pores; b1 and

b2: YB7 well, 6373.4 m, O..,y, limestone, a small amount of yellow-green fluorescence oil inclusions were observed in the crack-filling calcites; ¢l and ¢2: YBS
well, 5409 m, Oy, limestone, a large amount of orange and blue-green fluorescence oil inclusions were observed in the calcites filling in dissolved pores; d1 and
d2: YBS5 well, 5339.4 m, Oy, limestone, a small amount of blue-white fluorescence oil inclusions were observed in the crack-filling calcites. The photographs on

the right and left were captured under fluorescence and transmitted lights, respectively. a3, b3, ¢3 and d3 are microscopic spectra
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Fig. 3 Fluorescence color and microscopic fluorescence spectra of representative oil inclusions in the

Yingshan Formation of the Manan structural belt
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Fig. 4 Homogenization temperatures of oil inclusions (left) and their coeval aqueous inclusions (right) in the

Yingshan Formation of the Manan structural belt
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Fig. 5 Two-dimensional slices of continuous scanning on oil inclusions analyzed by CLSM

HEAT =B E A, FR IS R R 2.
2.4 GSREREPVIXEMNRESELAREEEN
FIH VTFLINC FRAF BR324 (1Y e /)
WARE T . AERR T R AL BE AR 4y i AN
—RE, AR R R A — R T
FERIRFR . AR MR, IR R ER T
WORE T . W2 TR A= i <4
B, =T B A B R EOE A

i, A AR AN T A IR AR AR T AL 2
PRNFLIE R REZRIR AR . i T R AR SEBR i 9
A LIE e S S kA R (R A B A 4
A R R AR, E R SRR . R
Jo ) BE R R AR — B i, R BRI
P-T & E RS AL BRI RIAHAS L b,
B2 53 WAL ) 25— o WA o3 R B A D A
£, 22 AL 23 B B 1) b SIS RE S R o3 B 4 R



4 LUTCRISE P o ey 82 e B ek g1 AUV EARVE: 3 NN N SWAL S 3 711
F2 FWomEREHAEBERARBMENEMNSRELL
Table 2 Gas-liquid ratio of representative fluid inclusions analyzed by CLSM

e B /m A I SR am’® AR fum’ WL /%
YBI1 5604.78 Oy KA GRS 778.631 17.50588 23
YBI 5604.78 Oray TR 449.593 23.03418 5.4
YBI 5604.78 Oy IKEAEIK 602.139 12.38484 2.1
YB3 5444.8 Oy WIREIK S 368.878 21.20788 6.1
YB3 5444.8 Oy BWIREIKE 528.122 19.33395 3.8
YB3 5446.52 Oy WK EIKE 1105.394 25.90767 24
YB3 5446.52 Oy KEEKE 438.62 46.64502 11.9
YB3 5494.1 Oy M= BURE 836.806 20.4099 2.5
YB3 5494.1 0.2y SNV 623.076 25.6877 43
YB3 5494.1 Oy EFiyEa 1649.77 41.80704 2.6
YB5 5998.29 Oy HIREIK A 1031.121 82.52762 8.7
YB5 5998.29 Oy HIREIK S 774.318 87.86587 12.8
YB5 6744.17 0.y IR 738.765 71.40728 10.7
YB5 6842.73 0oy KE B 912.133 114.1164 143
YB7 6367.63 Oy KR 1036.081 159.5319 18.2
YB7 6367.63 0oy WK O 1310.548 156.8966 13.6
YB7 6373.4 Oy IR IR 573.521 81.2283 16.5
YB9 6847.3 Oy IR B IR A 863.761 65.46063 8.2
YB9 6847.3 012y IR IR 1033.721 198.7283 23.8
YB9 6847.3 0.2y IR G IR 830.409 164.4836 247
YB9 6850.02 0.y WK IR 936.76 68.58576 7.9
YB9 6850.02 012y WK EOIKE 845.199 142.0384 20.2
YB9 6850.02 Oy IR IR 585.34 123.7154 26.8
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/MR E S 57.44 MPa (K6).
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Table 3  Compositions of crude oil samples in the simulation

experiment
Ao JEE IR l/mol %
CO, 0.84
N> 0
C 26.570
C 10.740
Cs 9.270
i-Cs 0.520
n-C, 6.300
i-Cs 1.260
n—Cs 3.920
Ce 1.760
G 4.257
Cs 3.790
Co 3.375
Cio 5.680
Cir. 21.718
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Fig. 6 PVTx simulation results and P-T diagrams of representative fluid inclusion assemblages in the

Yingshan formation of the Manan structural belt
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Table 4 PVTx simulation parameters and results of representative fluid inclusion assemblages in the

Yingshan Formation of the Manan structural belt

IR E IR BI%E HA%E
HE B TREE /m Tho/ Tha p Tho/ Tha p Tho/ Tha p Tho/ Tha P
G/L/(%) Pc G/L (%) Pc G/L (%) Pec G/L (%) Pec
51.4/67.5 13.63 78.3/104.5 20.46 102.4/146.6 23.9
YBI Oy 5604.8
23 1.07 5.4 1 53 1.02
56.8/63.4 14.78 72.2/105.5 21.66
YB3  Ony 5444.8
6.1 1.14 3.8 1.01
95.6/137.8 22.89 134.3/186.9 30.28
YB3 Oy 5446.5
47 1.01 11.9 1.01
54.2/71.1 13.96 76.4/108.3 21.31 109.8/150.2 21.17
YB3 Oy 5494.1
2.5 1.08 43 1.02 5.4 1.01
85.6/111.2 22.45 137.4/189.2 30.06
YB5 Oy 5998.3
8.7 1.02 12.8 1.08
105.1/150.7 21.38
YB5 Oy 6744.2
44 1
96.3/149.5 25.02
YB5 Oy 6842.7
3.9 1.11
95.5/148.7 25.94 136.4/168.5
YB7 Oy 6367.6
4.1 1.03 3.6
104.5/146.7 25.03
YB7  O.y 6373.4
6.5 1.08
85.6/106.3 20.09 109.6/148.3 233 124.2/188.2 33.52
YB9 Oy 6847.3
8.2 1 6.8 1.02 8.7 1.08
82.1/102.6 20.11 108.2/143.3 20.15 125.7/187.2 30.88
YB9 Oy 6850
7.9 1.01 5.8 1.02 7.4 1.06

4 Tho! Tha: LA/ RIER K BRI —IRIE; G/L (%): KMEL; p: HHES (MPa);

[ E [N

[eJols[ D[ CTP[ T[T K

1000|
2000]
3000]
£ 4000l
P

¥ 5000]

FURREEIEH

2B RZE. KROA

6000 T 5285-252Ma hH@ﬁﬂtnﬂt&ﬁN?SoMc; E
RN
7000} 4‘41"; N
S, A SN \
500 400 300 200 100
Fi#r/Ma

P73 R AL s S 1L 2 T
Fig.7  Charging stages of oil and gas in the Yingshan Formation

of the Manan structural belt
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Fig. 8 Evolution of the paleo-pressure and pressure coefficient
of reservoir fluid along with time in the

Yingshan Formation of the Manan structural belt
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