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Formation mechanism of condensate oil and waxy oil in Structure X of Xihu Depression
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Abstract: Oil in the Structure X of the Xihu Depression can be divided into two groups based on the differences in physical properties. One is
the condensate oil, which is characterized by low density and low wax content; and the other is the waxy oil, which is characterized by medium
density and high wax content. Geochemical characteristics of crude oil were studied in details in order to define the causes of the differences. It
is so obvious that there are great differences between condensate oil and waxy oil in saturated hydrocarbon chromatography characters.
However, the characteristics of sterane, terpane, and carbon isotope of condensate oil are as the same as the waxy oil. It means that they come
from same source, and secondary alteration is the real cause to the difference in physical properties. Detailed correlation of lighter hydrocarbon
chromalogram and fingerprint parameters the two oils suggest the following: (1) There is a mirror image relationship of total hydrocarbon
chromatography between condensate oil and waxy oil. (2) Condensate oil is characterized by high index of nC;/MC,Cq and low index of
Tol/nC;, whereas waxy oil shows an opposite pattern. (3) There are covariant relation of the index of nC,;;/nC,, of N-alkanes between the
condensate oil and the waxy oil, suggesting that oil has suffered from gas invasion. The condensate is the results of evaporative fractionation,
and the waxy is the remainder.
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Fig.1 Map of fault distribution and well locations on Structure X
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Table 1  Character of oil properties in Structure X
A S I 5 3 3594~3 603.6 0.88 2.13 26.81 16
B P Hepih 3499.8~3 505.6 0.80 0.96 3.36 -1
c P Hepih 4 580~4 620 0.79 0.76 3.36 4
c P Hepih 4359~4 382 0.83 1.36 4.95 13
D P HEATI 3475 0.80 1.16 12 -9
D P U T 3537 0.87 422 13.2 18
D P U T 3614 0.86 3.25 13.7 18
D P U T 3640.5 0.86 3.82 17.5 13
D P U T 37435 0.86 472 12.7 17
D P B 5T 3734.2~3746.5 0.85 5.68 13 19
D P Hepih 4 040~4 060 0.77 1.25 5.5 11
E P U T 42125 0.86 3.18 9.5 18
E P HEATI 4508.4 0.84 245 0.6 9
E RRUIEE b 4634 0.83 2.26 0.7 —
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Fig.2 Biomarkers of condensate oil and waxy oil in Structure X
a. Condensate oil from Well D, at 3 532 m, b. Waxy oil from Well D, at 3 537 m
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Fig.3 Biomarker parameters of condensate oil and waxy oil in Structure X
a. Cross plot between( Cy;+C,;) /(Cyg+Cyg) and C,; /Cyy., b. Cross plot between Cpe00020S/20S+20R and CyofB/BB+00.
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Table 2 Calculated values of oil maturity in Structure X
5 R PR REE/m MPI1 Re (Radke, 1983) Re (AUHE)
A P4 Wi 3594~3603.6 1.18 1.07 0.97
B RRUIEE R it 3499.8~3505.6 1.11 1.04 0.94
C RRGIES HERT I 4580~4 620 1.00 1.00 0.91
C RRGIES HERT I 4359~4 382 1.21 1.08 0.98
D UL b 3475 0.98 0.99 0.90
D UL b 3532 1.09 0.99 0.90
D BRI Uit S5y 3537 1.09 1.04 0.94
D A i) gl 3614 1.10 1.04 0.94
D BRI Uit S5y 3 640.5 0.97 0.99 0.90

D ST LEYpil] 37435 1.03 1.01 0.92




%39 % 58 6

WM, 2 VU I XA s e A -5 i A TR AL A 181

2.4 JFilEkE AL E4FE

Jiinh e ) 437 2% 2 il U0 A ) B AR AR, R 3
78 X R 3 S sk [ 07 2% O =, 3k ) (528 D9 —27.31%0~
—25.9%o, JiiHh 22 18] FR) B 7] 157 3% 22 5 AN K, BEAT i A
e Jo it A T S ) 2 00, A D o S A AL £ 1
I HEI S R AR [ X U, XOR i R Y
ik TR) 57 2% (5 2 10k TR 3 r T L D)) 3 A
S 22 30 %3 M 40 JRE S R 2 O, s T A D

1, Dk B B RT REAT R A TR

I3 A0, VH I AT Y S s I S e A A e |
it Bl S DU BR il AL W, T I LA 1 B AR TR
EEONARBERA Y BB IR, RS 2 T B BT
S55VE I MR B 2R SO LT R B e, AL AR
2oy e o 2 A X B, HL AR IR AR O 220, H
A ARGE B A T o 2R DN RO EOk A TR
WA FAHRE

®3I X AME R R E AL EFHE

Table 3 Carbon isotopes of crude oils in Structure X

N M VA 7S S kA =
il IFR/m 228 5”5;5/%0 S'EETE;@ a'lcjii:/%o 6‘32Ei:/%0 s'f)cjz,im

C 4.580~4 620 HeRTh -26.2 -27.7 —24.8 — —
C 4359~4382 HEHT I -25.9 -27.3 -24.5 — —
D 3475 HEHT I -27.31 -27.51 -27.39 -28.9 —28.28
D 3532 HEHT I —-27.25 —27.41 -27.97 -29.67 —28.12
D 3537 U —-27.18 -28 —25.63 —26.44 —27.49
D 3546 U -26.96 -27.07 —26.38 —-27.65 -27.5
D 3614 U -26.6 —27.63 —-25.39 -26.06 —26.96
D 3 640.5 U -26.77 —27.34 —25.22 -25.97 —26.93
D 37435 U -26.91 -27.37 -25.8 -26.2 —27.28
D 3760 U —-27.24 -27.19 -26.75 —-28.98 -27.98
D 3780 U T -26.9 -27.16 -26.54 -27.85 -28.07
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Fig.4 Character of gas composition in Structure X

a. Cross plot between dry coefficient and depth, b. Cross plot between C,.; and C,;/C,+Cs
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Table 4 Calculated values of natural gas maturity in Structure X

I )% /m CH, C,Hg C,Hy Rel (&AL Re2 (3> Re3 GBI
¥ 4580~4 620 -36.9 -27.1 -25.1 0.66 0.88 1.56
CcIF 4359~4382 -32.2 -24.9 -24.5 1.43 1.31 1.83
B3 3499.8~3 505.6 -35.74 ~26.68 -25.56 0.80 0.91 1.66
B3 3705.5~3 710.6 -36.13 -26.52 -28.18 0.75 0.91 1.72
A 3594~3 603.6 -35.13 -25.63 -23.64 0.89 0.97 1.58
A 3.801.6~3 806.4 -35.88 -27.19 -24.8 0.78 0.92 1.64
DI 3532 -35.15 -26.71 ~24.50 0.88 0.96 1.66
DI 3537 -35.36 ~26.89 -24.71 0.85 0.94 1.66
DI 3614 -35.63 -26.72 -24.61 0.82 0.92 1.63
DI 3640.5 -36.23 ~25.99 ~23.70 0.74 0.90 1.51
DI 37435 -37.13 -26.32 ~23.70 0.64 0.87 1.45
DI 3760 ~36.44 ~25.90 -23.34 0.72 0.90 1.48
DH 3734.2~3746.5 -36.59 -28.53 -25.91 0.70 0.89 1.68
DIf 4 040~4 060 -39.92 —29.51 -27.29 0.41 0.76 1.50
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Fig.6 Character of total hydrocarbon and light hydrocarbon of condensate oil and waxy oil in Structure X

a. Condensate oil from Well D, 4 040~4 060 m, b. Waxy oil from Well D, 3 734.2~3 746.5 m
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Fig.7 Evaporating fractionation effect of condensate oil and waxy oil in Structure X

a. Cross plot of nC7/MC,Cs and Tol/nC5, b. Cross plot between molar concentration of n-alkanes and carbon number, c. Covariation relationships of n-alkanes

of condensate oil and waxy oil
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