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Fig. 1 The fluid inclusion images in the depth of optimal
focal plane (a, ¢) and added 1.5 pm(b, d) taken with
CLSM (a, b) and petrographic microscopy (c, d)
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Tablel Calculated areas of liquid and
vapour in images taken with a Confocal
Laser Scanning Microscope as a z series
through a petroleum fluid inclusion
(Aplin et al. , 1999)

W || EEEL | WE | REER| GREL
(pm) | (pm?) | B (pm?) | (pm) | (pm?) | EH(pm?)
0 0.0 11.0 7 1.5 24.8
1 0.4 13.1 8 0.0 22.0
2 0.3 15.7 9 0.0 17. 8
3 3.1 18.9 10 0.0 9.1
4 4.4 21.2 11 0.0 3.3
5 5.6 24.2 12 0.0 0.0

6 3.9 23.9
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Fig. 2 Six of the twelve images of the z series taken with
the Confocal Laser Scanning Microscope through an 11
pm deep inclusion hosted in diagenetic quartz (Aplin et

al. , 1999)
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Fig. 3 Simulating equation of area and depth for the
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fluid inclusion in figure 2
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Table2 Calculated vapour/liquid ratios of the fluid

inclusion in figure 2 using different methods

SIEAER | WEEE | KWL
(pm®) | EFH(pm®) %)
CLSM /i M & B k| 19.1 205. 2 9.3
BRI R vk 19. 10 199. 98 9.55
B A v 9.69 205. 2 4. 86
BT H A — — 10

£3 CoBRESKLITELERIILR
Table3 Calculated vapour/liquid ratios of the fluid
inclusion numbered in C6 using different methods
AR R SRR SR I
(pm*) (pm®) )

ORI B A 1 299. 80 1095. 54 27. 36
S R A B 316. 38 1157. 43 27.33
BR (A 200. 62 1157. 43 17. 33

2 H A — — 30
F4 QUERGSFEILITHELRILLR
Table4 Calculated vapour/liquid ratios of the fluid

inclusion numbered in Q1 using different methods

(! BEE |
-
R | ke | R
. , (%)
(/11’!1" ) (‘ul’rl" )
EEERLS | 10.76 5.63
R BB 191.
PRk WoABERRLG | 7,43 R
IR SRUNYIIF/N 11.41 | 196.38 5.81
BRIR 5.86 191. 05 3.07
B H Ah — — 3
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Fig. 4 Six of seventeen images taken from shallow
to deep of a hydrocarbon inclusion with a big
bubble (C6) hosted in calcite

By A2 1] L 09 A K A L i AR FH P R A
SUINTE A R B A 1A B S B O ER T A
S (ML (NN S A M N N CE AT
LN
N, &4 iR C6 A BRI 8pm, Y] i Kl
0. 5pm, AR IAR K, 76 3 1) F1F 18 1 )57 3
F R RE (Y B, 22 B0 D W AR Y . A B MR R
(0 R B N 5 R . AL AR B TR R
FAITEMAERIB (R D, HEITUEH,
PRI A 3 R A A BRI B R AR B A 22 R
Z BRI 5 0 A LG TR SO MR
E

PR & 5% R A B A AR T o AL

3=0.00245°-0.0642x™+0. 773" e
ot 543756 117.806x 12253 e LEW
; tluid inclusion
25 M
‘_
- 20
z 9 . A
-5 J bubble
O] 3=0.01115+0.2142x -1 3575
+2,6261x4+1 35555+35.052
SIE—I’H—"_"—-—._.—"I—I—.—.—.__._-
0 : : : : : : : : ;
0 1 2 3 4 3 6 7 8 4
PR (Lm)

5 C6 AL RN R IR BE D) ek B &
Fig. 5 Simulating equation of area and depth for the

fluid inclusion numbered in C6
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Fig. 6 Six of fifteen images taken from shallow to deep

of a hydrocarbon inclusion with a small bubble

(Q1) hosted in quartz
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Fig. 7 Simulating equation of area and depth for

the fluid inclusion numbered in Q1
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Fig. 8 Different simulating methods of the bubble in

the fluid inclusion numbered in Q1

PR TR BRI 25 x A S AR R L B E TR
B SR BRI SO R R . R R D5 ik
AT RAT R ISR 4.

LRI L R A R A TR Y R L TR
DA R 2 ) A ()R B S B 2 L R U
Fr o S AR X L) L R D) R A
HRR YT A AN LD Gt B AR FE R
R S5 I TR ) N R AR R 2 L (AR R
LA O B AT LA A 3R A 4 K A
B BUMRRTE A T B RS EE R AR I
I R T AN TR B AOR BEAR /N 32 B f 2 A RE
5K 152 AT R S DR IHORE U 2 A R AROR T AT RE
SRR T O A LSRR . B il U S AR T
# Z 8] ] AE T I BRI A

5 hie
5.1 AEHNMBREX
L6 5 2% B LA SRk R P v 43 B 2R 3 B B

TR BB AT AH B B P 25 IR R A
T A7 3 R 31 B S 3 BRI 0 B AT ol 3 B 4
REIER . S EOE IR B BB L i 5
T IO FH 4 B A A T 8 R R A TR R A
R R 20 1 Jo 552 26 B 7 S T 48 A7 3 PR R R 4L B
DL B3 i S8 13 S T AR BRAE N T2 1 9
I 2% 7 E R BT i AR A A A G AR B AR Y FE DY
2k B R AL B R

T3 80 T3 B AN AL RE W 1153 R 9 't Y e 2 ),
R IE BB I B & R K R R R R
1 H, O—CH, A 22 S A % JEO6 i A 2R Ul 1 .
Jiv LA T5 35 (432 L S A Bl T 3R 3 9 60 2 R 4

X — ] AR O 4 o R A B ) e b e
FEAE SO0 T 300 55 3 A o % 388 iR 0O iR B LR AIR Y
55 AFL[A) EF Pl T SO R B R AR SO IR T
SURL R AT IR 30 % 3 AR 0L 1 B 2 R AR R R
AR /)N o DT 0 EL 22 E LS /N
5.2.2 BRGMSEERHNITE

o5z, Aplin %5 (1999) 3R BCf 22 4 F1 <030 79 14
FRAL 2 3 A AR Rkt Ly, HOE Y0 i
CLSM #A% . AHXF T A 1A B, eh 803U & 1
REE S WA IR Y SEBRTE S

XA AT T Y AR /N W] LS A
BRUR A 24 B Kt L il T 52 5140 55 R RE 1) 5
M) T PR P BB AN RO  0hb i B SR A 4k B2 ik s
PREL A IR T I 5 . X R/ RS,
F 23 b AR R R A I HERRE LT
Al RE A R BN ER Y 205 AR B . B 7E BB T &
PR A B T A 3 1 _E 2 B R A I B ol g —
43 AR 11T 3 B 17 224 FH 48065 R 00 4 25080 R )
SR B R B BN A

5 R 987 € 1 2 (1 WD O R W B i D UK SR (/5 7.
B I T AR L RESE 1 B S TR
— R X T AR R 2 A B A 2 S TE A AR ]
DLk Sl ] o 158 1] 32 40 2 (A BE 5K 07 52 i AR /DN L AR X
R — AR5 TR T 968 28 60 B4R BAR 1 R FE K
P T AR E B, HBE AR O 1 AR R BB
AR IR T

F AN [R) 53 3k 1 1 B A R AT U L X
W 7AW A T4, B, dnfar o
1 A A 5 R R T R R R R R 2 U
JERER R — N EE N
5.3 ARGSEILHEASH

TE TR, 2 A 1) 4R T 2 B rp L A E AR
PUR AR B o A B R 43 BT 0] LUK BOAS [R) 3R
F SR L S 8 T 25 R I SO L e 5 FR AL TE 2 Y 2 )
S 5 DT B 0 o B b S B 38 44 K 43 (Aplin et al.



152 Moo

e

2011 4¢

1999) . %7 e 2 UL R AR 1F N AL M T
(1 00 AT T L B A ABE 00 B 42 0 52 B 114 2R
S i

6 Z5ie

CLFI P 5 43 % 238 % 5 2 1o R0 9Dl 2 Bl s T
PLHEAT AR R AT e T R R AR I
JIT i 158 25 AERT TR S R TR A

(2)5%F F R LA A 38 F 0 8 A A 3
250 bR AL I R AT T AR R 8 SRR /N 5 X TN
SO AL AR 3 T R BR AR ok AT A 2 R
BFI52 52 ) e A A B2 00 9k R 2 R 0065 1 4 2R I K

IZITEALRE T R 5OL MR EER R
WL 8 AT DA 58 5 8 R K A 2 AR L R UK L 2 AR R
H, O—CH, £ 2 R 55 R R 9 A R I R L .

(%76 LAAE A8 I 264 T 3T A A R 1 <
WL A Bl T B S A0 AR R B ) BT 2 AR A

2 £ XX ®WK / References
KA, B, R AR, BT SR 2003, A 6K JZ AL SR Y

PVT RRAEBLIL 158 K SR SHUE il B —— LA 5P /R 22 407 22
Tl A R AR ). E RN = (D ), 33(7): 679~685.

A AR L 2 W L G RL Z207. 2008, OB LR AR R
SRR B I 4 ML R R L D BRI AT BB 2 . (D)
20~22.

Aplin A C, Macleod G, Larter SR, Pederxen K S, Sorenxen H and
Booth T. 1999. Combined use of confocal Laser Microscopy and
PVT simulation for estimating the composition and physical
properties of petroleum in fluid inclusions. Marine and
Petroleum Geology, 16: 97~109.

Aplin A C, Larter SR, Bigge M A, Macleod G, Swarbrick R E and
Grunberger D. 2000. PVTX history of the North Sea’s Judy
oilfield. Journal of Geochemical Exploration. 60~ 70.: 641 ~
644.

Blamey N J F,Ryder A G, Feely M, Dockery P and Owens P. 2008.
The application of structured-light illumination microscopy to
hydrocarbon-bearing fluid inclusions. Geofluids. 8: 102~112.

Liu D H, Xiao X M, MiJ K, Li X Q, Shen J K, Song Z G and Peng

P A. 2003. Determination of trapping pressure and temperature

of petroleum inclusions using PVT simulation software a
case study of Lower Ordovician carbonates from the Lunnan
Low Uplift, Tarim Basin. Marine and Petroleum Geology, 20
29~43.

Thiéry R, Pironon J, Walgenwitz F and Montel F. 2002. Individual
characterization of petroleum fluid inclusions (composition and
P—T trapping conditions) by microthermometry and confocal
laser  scanning  microscopy: inferences from  applied

thermodynamica of oils. Marine and petroleum Geology, 19:

847~859.

A Convenient Method for Obtaining Vapour/Liquid Ratios of Fluid Inclusions

ZHOU Zhenzhu” , ZHOU Yaoqi” , CHEN Yong" ?, BAI Zhenhua” , MAQO Cui”

1) College of Geo-Resource and Information , University of Petroleum China ; Qingdao, Shandong,266555;
2) State Key Laboratory of Enhanced Oil Recovery . Research Institute of Petroleum Exploration & Development
PetroChina; Beijing, 100083

Abstract: This paper presents a new method for calculating vapour/liquid ratios of fluid inclusions
based on high-resolution petrographic microscopy and fluorescent microscopy. The microscope can offer a
series of two-dimensional images of single fluid inclusions by regulating its own dial. The following
procedure is to draw the outline and measure the area of inclusion and vapour in each two-dimensional
image with drawing-software. The volume of inclusion and vapour bubble can then be determined by @
accumulating the slices which are described as irregular cylinders using equation, and @ integrating the
pseudo-function of area and depth. The vapour/liquid ratio can then be calculated. The new method can
provide vapour/liquid ratios of not only fluorescent hydrocarbon-bearing fluid inclusions but also non-
fluorescent aqueous fluid inclusions. Otherwise, it can also serve the in-situ thermal variation analysis of
fluid inclusions. The new method just requires ordinary instruments, so it costs little. Therefore, the

method can be widely used and can help to develop the thermodynamic simulation of fluid inclusions.

Key words: fluid inclusions; vapour/liquid ratios; convenient method





