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Abstract: 

in marine strata and to examine various types of natural gas and hydrocarbon sources. Fluid inclusions; 
carbon, oxygen, and strontium isotopic characteristics; organic geochemical analysis and simulation 

paths in marine strata of the study area. The Carboniferous-Triassic reservoirs in three typical structures 

shown in the late Permian reservoirs of the Longjuba structure with favorable hydrocarbon preservation 
conditions. The fluid accumulation in the Carboniferous reservoirs of the Jiannan structure mainly 

the Jiannan structure was determined to have the best preservation conditions of the three. Comparative 

important target areas for future exploration.
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movements. The multi-phase tectonic activities have to a 
certain degree reformed and damaged the early excellent 
preservation condition. It is safe to say that the preservation 

for oil and gas in these marine carbonate areas in the south 
of China. Scholars have studied the preservation condition 

hydrodynamic environment, sealing ability of faults and 
tectonic movements. It is not possible for us to evaluate the 
static preservation condition of the complicated areas that 
have gone through multi-phase tectonic activities from only 

Pet.Sci.(2013)10:1-18

1 Introduction
The marine carbonate areas of the superimposed basins 

in the south of China have become important targets for 

a deep burial depth and have experienced multiple cycles 
of structural movements and intense post-reconstructions, 
the geological conditions of these areas are especially 
complicated. The most influential movements are the 
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properties. We have found a new way to evaluate the 
preservation condition of the marine oil and gas from the 

can be conducted for the preservation condition of the areas 
that have experienced multi-phase tectonic activities. The 
following three typical structures that differ significantly in 

exploration for oil and gas in this area. 

2 Geological setting

Liu et al, 2007), is geographically located in the western 

front in the eastern margin of the Sichuan Basin, covering 

and Qiyueshan anticlinoriums, and other tectonic units 
2, and 

Gaofengchang, and Dachiganjing, and gas-bearing structures 

have already been discovered.
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area experienced Caledonian and Indo-Sinian closure and 
orogeny in the South China and Paleo-Qinling oceans, 
where two stages of mass marine regression occurred, and 
marine strata were developed mainly as deep-water basin 

reservoir-seal assemblages were developed vertically. Two 
sets of large source-reservoir-seal assemblages (i.e., upper 

Silurian shale as the boundary, constituting the two major 
exploration regions in this study area (Wu, 1997; Yang et al, 

et al, 2007). The area west of the Qiyueshan anticlinorium to 

with a high degree of trap identification. In addition, the 
area is situated in a beneficial paleo-tectonic position for 

anticlinorium and its eastern part as well as the Lichuan 

2001). In the Longjuba-Jiannan structure echeloned in the 
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belt was formed with Jiannan as the center. The Jiannan gas 
field was discovered in the central syncline, proving that 
the Longjuba-Jiannan structure had favorable preservation 
conditions for gas reservoirs in addition to a tectonic setting 
for hydrocarbon accumulation (Chen, 2003; Gao, 2004).

3 Sample analysis

relationship with bitumen in addition to oil and gas in the 

while large differences are evident in those from different 

source correlation. Currently, gas chromatography and mass 

are altered during biodegradation processes (Rowe and 

scouring, resulting in incorrect oil-source correlation. 

effectively reduced in the correlation processes through the 

et al, 2000), fractionation will occur in isotopes during 
hydrocarbon migration (Galimov et al, 1973; Karlsen et al, 

source correlation.

of vitrinite reflectance was first completed by the time-
temperature index (TTI) method (Waples, 1980) and this was 

(Ro Ro dynamic model 

modeling, so that the paleotemperature could be calculated 
more accurately (Welte and Yalcin, 1988; Ungerer, 1990). 

Ro

by Sweeney and Burnham (1990) is the most commonly 
used model in current studies on paleotemperature. On the 

Ro dynamic simulation method with a broader 
application scope was used in this study to reconstruct the 

of hydrocarbon generation. The previous Ro

principle was described by England et al (1987; 1995), 

(1989), in which the component, phases, temperature, and 
other information on inclusions were used to calibrate the 
history of hydrocarbon charge and time of hydrocarbon 
accumulation. In addition, fluid inclusion stratigraphy was 
applied to fluid source and migration pathway research 
by some scholars (Barclay et al, 2000). The inclusion 

refers to that of hydrocarbon-bearing saline inclusion, rather 

temperature of hydrocarbon inclusions is often lower than that 
of saline inclusions of the same period (Lu and Guo, 2000). 
Inclusions are able to reflect the essential characteristics of 
ore-forming fluids and provide a series of original data on 
such mineral formation parameters as temperature, elemental 

combined with the inclusion test and analysis methods in this 

of natural gas, inclusions, carbon, oxygen, and strontium in 

Fig. 2 Synthetic column map of Z-T1 in the western 
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analysis data and their sources.

samples of residual organic material in reservoirs were 

measured with a microphotometer (Tables 1-3). Due to the 
high maturity of residual organic matter in the study area, the 
organic extract was too limited to permit the analysis of group 
components and their isotopes.

The analysis data of 17 natural gas samples in 16 wells 
were used in this study (Table 4 and Table 5), including one 
Permian natural gas sample from the well Long 8 in the 
Longjuba structure. Because the Permian natural gas in this 

well is of high maturity, only methane and small amounts of 
ethane and propane were detected; thus, light hydrocarbon 

carbon isotopes of natural gas.
The collected samples of calcite and gypsum veins that 

It was determined that hydrocarbon gases were contained 

components. In addition, carbon, oxygen, and strontium 
isotopic values were obtained with the UK VG354 isotope 

Table 1

Sample No. Depth, m Lithologic description C21+C22

/C28+C29
21 22 Pr/nC17 Ph/nC18 Pr/Ph

2824.42 T1f
3 1.33 0.95 0.64 0.86 0.53

2828.22 T1f
3 / 3.16 1.05 1.42 0.55

2848.22 T1f
3 4.90 2.49 0.29 0.75 0.48

2853.83 T1f
3 3.21 2.01 0.63 1.06 0.50

2862.90 T1f
3 12.75 1.99 0.75 0.96 0.60

3338.35 P2c
2 1.82 1.34 0.43 0.74 0.51

3376.04 P2c
2 4.00 1.37 1.50 1.82 0.23

4607.54 P1 / 2.22 0.83 1.10 0.59

4608.54 P1 10.00 1.56 1.11 1.25 0.40

4623.04 C2c factures 0.53 0.67 0.70 1.03 0.61

Table 2

Sample No. Ts/Tm C29Ts/
(C29Ts+C29)

C3222S/
(22S+22R)

Gammacerane /
C30 hopane

Tricyclic-terpane/
C30 hopane

C29

/(20S+20R)
C21+C22-pregnane

/C29

Diasterane/
regular sterane

T1f
3 0.69 0.21 0.59 0.26 1.06 0.38 0.44 0.14

T1f
3 0.95 0.29 0.62 0.17 3.67 0.30 2.61 0.22

T1f
3 0.56 0.25 0.59 0.26 0.49 0.41 0.23 0.07

T1f
3 0.73 0.14 0.59 0.26 2.02 0.36 1.15 0.14

T1f
3 1.61 0.18 0.62 0.34 0.58 0.35 1.14 0.26

P2c
2 0.50 0.09 0.59 0.29 0.26 0.46 0.09 0.06

P2c
2 0.93 0.28 0.57 0.19 1.71 0.34 1.03 0.20

P1 1.07 0.21 0.60 0.23 2.50 0.31 3.15 0.23

P1 0.90 0.18 0.60 0.19 3.33 0.29 2.62 0.28

C2c 0.98 0.18 0.60 0.29 1.26 0.37 0.58 0.41

Pet.Sci.(2013)10:1-18
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Table 3

Sample
 No. SF/P

Phenanthrene Chrysene Fluorene

T1f
3 94.34 / 5.66 0.978 0.244 / 0.047 78.50 / 21.50

T1f
3 87.52 / 12.48 1.050 0.624 0.279 0.033 23.00 67.38 9.62

T1f
3 93.90 / 6.10 3.222 0.993 0.547 0.003 5.38 80.52 14.10

T1f
3 99.45 / 0.55 2.388 0.332 0.021 / / 100.00 /

T1f
3 84.16 / 15.84 1.162 2.225 / 0.032 16.94 67.56 15.50

P2c
2 93.46 / 6.54 2.851 0.751 0.368 0.006 8.23 84.58 7.19

P2c
2 89.86 / 10.14 1.842 4.408 1.345 0.014 12.80 75.29 11.91

P1 77.81 / 22.19 1.397 1.845 0.603 0.029 10.15 67.13 22.72
P1 80.63 / 19.37 1.310 2.250 0.544 0.030 12.57 65.53 21.91
C2c 89.57 / 10.43 0.894 0.716 0.110 0.031 26.93 47.67 25.40

Table 4 Conventional components of natural gas in C2-T1j
1 formations in the Jiannan-Longjuba structure and characteristics of carbon isotopes in well Long 8, 

Well No. Formation Depth, m C1, C2 C3 N2 CO2 2 C1/C1-C5

Long 8 P1m 98.35 0.14 / 0.28 1.2 / 99.85

Jian 32 T1j
1 2494.05-2531 94.70 0.17 — 1.67 3.07 0.40 99.82
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96.04

9652

94.93
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92.00
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0.21

0.12
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0.09

 —

—

—

—

—

—

0.31
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1.72

2.93

1.94
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1.72

4.51

1.98

0.52

0.27

0.18

0.105

2.48

0.28

99.79

99.88

99.78

99.88

99.85

99.91
Jian 16

Jian 40

Jian 43

Jian 44

P2c
2

P2c
2

P2c
2

P2c
2

3109.9-3229.6

3329.6-3348.4

3456-3483

3738.11-3760.18

86.73

87.04

92.05

88.37

0.17

0.07

0.19

0.06

—

—

—

—

1.19

0.77

0.26

1.30

8.56

8.87

5.70

7.39

3.36

3.24

1.80

2.88

99.80

99.92

99.72

99.93
Jian 13

Jian 37

Jian 28

C2

C2

C2

3728.59-3748.15

3836.4-3860.0

3943-3950

94.31

94.71

94.57

1.22

1.24

1.23

0.24

0.15

0.13

3.39

3.24

3.51

0.68

0.66

0.56

0.162

0

0

98.72

98.70

98.72

Table 5 

Structure location Well No. Formation Depth, m 13C1, ‰
13C2, ‰

13C2
13C1, ‰

Longjuba Long 8 P1m -29.9 -32.7 -2.8

The northern high point Jian 31
Jian 31

T1j
1

T1j
1

2777.5-2856
2777.5-2856

-32.2
-32.4

-37.8
-36.4

-5.6
-4.0

The southern high point
Jian 35

Jian 27 Ceping1 
Jian 61

T1f
3

T1f
3

T1f
3

3066.4-3114
3680.78-4506.33

-32.1
-31.0
-33.1

-38.4
-38.0
-41.4

-6.3
-7.0
-8.3

The northern high point
Jian 10
Jian 10
Jian 51

T1f
3

T1f
3

T1f
3

2927-2941
2927-2941

-32.1
-31.4
-30.8

-37.4
-33.3
-28.5

-5.3
-1.9
2.3

Southern high point Jian 43
Jian 43

P2ch
P2ch

3456-3483
3456-3483

-32.0
-32.2

-38.9
-37.2

-6.9
-5.0

Northern high point Jian 16
Jian 44 Yuan1

P2ch
P2ch

3109.9-3229.6
3145.94-3600

-31.7
-33.5

-33.6
-35.6

-1.9
-2.1

Northern high point
Jian 34
Jian 28
Jian 28

C
C
C

3770-3784
3941-3950
3943-3950

-37.2
-35.2
-37.9

-41.4
-40.0
-41.4

-4.2
-4.8
-3.5
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Table 6

Well Sample No. Lithology Well depth, m 13C (PDB), ‰ 18O (PDB), ‰ 87Sr/86Sr

Grayish-white megacryst gypsum 3340.5

P2ch2

0.71

Calcite veins
3370

4.708 -5.647 0.7075

4.632 -4.43 0.7071

Grayish-white fine-medium grained calcite 
vein patch 3375.64

4.946 -6.98 0.7074

Grey micrite 4.742 -4.19 0.707

Long 8

Bao 10V Grayish-white fine-medium grained calcite 
veins 4314.67 P2ch2

3.747 -6.263 0.7071

Bao 10C Grey micrite 4.086 -6.081

Bao 19V Grayish-white fine-medium grained calcite 
veins 4557.84 P1m

3
4.111 -5.908 0.7071

Bao 19C 3.873 -5.182

Bao 22V
4784.48 P1m

1
4.108 -5.146 0.7071

Bao 22C 3.817 -4.727

Jian 38

J38-6V Grayish-white calcite veins
3151.42

T1f
3

4.07 -7.113 0.7075

J38-6C 4.497 -5.105

J38-9V Grayish-white fine-medium grained calcite 
veins 3153.2

3.748 -6.611 0.7075

J38-9C Grey calcarenite 3.956 -6.401 0.7076

4 Organic geochemical tracers in marine 
strata

Permian coal-measures, and Permian carbonate. The lower 

maximum, minimum and average total organic carbon (TOC) 

mature stage is between 0.5 mg/g and 20 mg/g. In the lower 

and a hydrocarbon generation potential value between 2 mg/g 
and 35 mg/g. The Ro

generation potential value between 2 mg/g and 35 mg/g, 
which is higher in the northern part than in the southern part. 
The Ro

Ro

origin of the hydrocarbon in the main production formations 

of the fluid by studying the strontium, carbon, and oxygen 

fractures. We also identified the hydrocarbon accumulation 
period and the reservoir forming time through examination of 
inclusions.

4.1 Organic geochemical tracer in the marine strata 
of Xinchang structure 

intact samples available. Tables 1 and 2 demonstrate the 
distribution of the residual organic matter from the source 

distribution of saturated hydrocarbons from high to low, of 
which the ratio between low n n
was 1.34, 2.22, and 1.56, respectively (Fig. 3, Table 1). The 

Pet.Sci.(2013)10:1-18
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ratio between isoprenoid hydrocarbon and the corresponding 
n n

29Ts/
(C29Ts+C29) was 0.18; gammacerane/C30 hopane was 0.19; 
tricyclic terpane/C30 hopane was 3.33; relative content of C21 
and C22 pregnane was 2.62; and the ratio between diasterane 

Tm was 0.50; C29Ts/(C29Ts+C29) was 0.18; gammacerane/
C30 hopane was 0.29; tricyclic terpane/C30 hopane was 0.26; 
relative content of C21 and C22 pregnane was 0.09; and the 
ratio between diasterane and regular sterane was 0.06 (Table 
2). Therefore there are at least two different sets of Permian 

showed a unimodal distribution in saturated hydrocarbon 
chromatography with a ratio of low-n to high-n carbon of 
1.37, significantly dominated by low-n carbon. In addition, 
the sample was dominated by n
of isoprenoid hydrocarbon and n
Tm was 0.93; C29Ts/(C29Ts+C29) was 0.28; gammacerane/
C30 hopane was 0.19; tricyclic terpane/C30 hopane was 1.71; 
relative content of C21 and C22 pregnane was 1.02; and the 
ratio between diasterane and regular sterane was 0.20 (Table 

that the residual organic matter in the pores of the Permian 
reservoirs was sourced from Permian coal-measure source 

showed two different types of characteristics (Fig. 4, Table 
29Ts/(C29Ts + 

C29) was 0.25; gammacerane/C30 hopane was 0.26; tricyclic 
terpane/C30 hopane was 0.49; relative content of C21 and C22 
pregnane was 0.23; and the ratio of diasterane and regular 
sterane was 0.07, showing a similar trend to that of the 

0.73; C29Ts/(C29Ts + C29) was 0.14; gammacerane/C30 hopane 
was 0.26; tricyclic terpane/C30 hopane was 2.02; relative 
content of C21 and C22 pregnane was 1.15; and the ratio of 

also showed similar characteristics to those from Permian 

sterane.

approaching that of organic matter in the Triassic reservoirs 

their homologues, the fluorene content was similar, while 

 
 

reservoirs, while the organic matter in the Triassic reservoirs 

Therefore, the hydrocarbon sources of residual organic 
matter in the Triassic reservoirs of the Feixianguan Formation 

chromatography proved that the three samples underwent 
a certain degree of biodegradation, indicating that the 
preservation conditions of these samples had been damaged 
in the geological history.  

reservoir showed a bimodal distribution in saturated 
hydrocarbon chromatography, of which the ratio of low-n and 
high-n carbon was 0.67, indicating high-n
The pristane/nC17 ratio was 0.7 with dominant nC17; the 
phytane/nC18 ratio was 1.03 with dominant phytane; and the 
pristane/phytane ratio was 0.61 with dominant phytane. The 
saturated hydrocarbon chromatography of this sample showed 

are dominated by high-n

was from high to low with characteristics similar to that of 

parameters of this sample, including tricyclic terpane/
C30 hopane, relative content of C21 and C22 pregnane, and 
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11, 12, 13) showed a unimodal distribution in saturated 
hydrocarbon. The ratio between low-n and high-n carbon was 

n
essentially dominant in the ratio between isoprenoid and 
n
pristane and phytane, which is a similar trend to that of the 

from the three samples from the Feixianguan Formation 
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We consider that the main hydrocarbon sources of 

occurred in the sample; thus, preservation conditions of 
the petroleum system were damaged. The present organic 

geochemical characteristics evident in the sample show 

underlying strata were completely disconnected before the 

Pet.Sci.(2013)10:1-18
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4.2 Organic geochemical tracers in the marine strata 
of the Longjuba structure

2 and CO2 were second 
and third, respectively. The content of ethane was lower at 

2S was detected (Table 4). 
4

13C1 distribution interval of coal-type and oil-

13C1. The carbon isotope ratio in 
heavy hydrocarbons of natural gas, such as ethane, is more 

materials. By examining criteria based on the carbon isotope 
analysis of 283 continental and marine samples from 8 basins 

et al, 1987; 1988) in addition to research data of the natural 
gas in marine sediments in the Tarim Basin (Zhao et al, 2001; 

types of natural gas (Table 7).

The carbon isotope analysis of the natural gas from the 
well Long 8 in P1m Formation indicates that the natural gas 
is overmatured dry and sapropelic gas (Table 5), with a high 

13C1 and 
13C2 (Fig. 5), it can be seen that the natural gas from the well 

Long 8 P1m Formation and the natural gas from P1m, P2ch and 
T1f

3 formations in eastern Sichuan are basically distributed 
in the same area in the cross-plot, which indicates that the 

the formation of natural gas from the P1m Formation in well 
Long 8. The cause of the reversal of methane and ethane 
ratios might be the mixing of different natural gases from 

Table 7

Types 13C2, ‰
13C1, ‰

Sapropelic
mature

<-34.0
<-40

overmature >-40

 sapropelic
mature

-34.0 - -29.5
<-40

overmature >-40
mature

>-29.5
<-32

overmature >-32

Fig. 5
and eastern Sichuan Basin 

Jian 25

Jian 43

Jian 44

Jian 10

C

an 44

Lo

Feix
Fo

L

Changxing
Formation

4

Pch2

4

Jian 25

Jian 43 Jian 10Jian 43 Jian 10

28
Jian

-29-38-39 -37 -36 -35 -34 -33 -32 -31 -30

-44

-42

-38

-40

-34

-36

-30

-32

-28

-26

31
C

2,
‰ 

East Sichuan Basin, T1f

Jiannan gas field, C 

Jiannan gas field, P2ch

Jiannan gas field, T1f

Jiannan gas field, T1j
1

East Sichuan Basin, P2ch

East Sichuan Basin, C2hl

East Sichuan Basin, P1m

Maokou Formation

Humic bearing 
sapropelic gas

Sapropelic gas

Feixianguan
Formation

Changxing
Formation

Jian 28

Jian 34

Jian 28

Jian 25

Jian 43

Jian 43

Jian 27

Jian 61

Jian 44

Jian 10

Jian 51(North)

(South)

P2ch T1f

P1m

C
Carboniferous

T1f, T1j, P2ch

Longjuba
P1 m

Longjuba structure, P1m

Humic
gas

13C1, ‰

Through the matrix-source-judging formula proposed 
by Pang et al (2000), with the methane carbon isotopes and 
the components of the natural gas from the well Long 8, 

obtained and listed as follows: the GTI is 0.339; the KTI is 
in the well Long 8 of the 1st

formed the methane found in the well is not in agreement 
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Long 8 well in P1m Formation is a mixed product from both 
Silurian mudstones and Permian carbonates sources.   

4.3 Organic geochemical tracers in marine strata of 
the Jiannan structure

1/C1-C5) of the four 
production formations (Jialingjiang, Feixianguan, Changxing 

C2 3

its CO2 2

of methane and low contents of ethane, propane, and other 
heavy hydrocarbon components, showing it is post-mature 

The isotope ratios of methane in the natural gas from 
the P1m, P2ch and T1f

3 formations in the Jiannan gas field 

evolutionary degree of the natural gas is high. In comparison, 

differences being displayed in the high points of the south and 
13C2 in the high point of the north is heavier, 

the natural gas is from humus-bearing sapropels, with only a 
few exceptions, some of which might be sapropelic gas. The 

13C2 in the high point of the south is lighter, with an average 

the genesis and the sources of the natural gas are complicated. 
13C1 

13C2 (Fig. 5), it can be seen 
that the distribution of carbon isotopes of the natural gas 
from the P2ch and T1f

3

the distribution of carbon isotopes of the natural gas from 
the Carboniferous in eastern Sichuan basically overlap but 
some differences are shown in the distribution of the carbon 
isotopes of the natural gas from T1f and P2ch formations in the 

from the lower part of the Silurian system (Dai et al, 2010), 
the natural gas from the P2ch and T1f

3 formations in the 

 

higher ethane carbon isotope ratios of the gas samples from 
the north points of P2ch and T1f

3 formations indicate a greater 

even found in the well No.51 in T1f
3 Formation of Jiannan gas 

2ch 
and T1f

3 formations of Jiannan gas field mostly occurs, the 
only difference being the degree. Some scholars maintain that 

such a reversal is due to a higher degree of maturity. Instead, 
we consider it is due to the mixing of sources. 

The carbon isotopes of the natural gas generated from 
Carboniferous of Jiannan gas field are lighter. The average 

13C1
13C2 

than those of the natural gas samples from the Permian, 
the Triassic and the Carboniferous of eastern Sichuan. The 
natural gas in eastern Sichuan is mainly generated from 

the Carboniferous of Jiannan might be the product of the 

formation. The reversal of the carbon isotope of the natural 
gas also occurs.

13C1 

1l, P1 1m, and P2w was 
13C  between -26.8‰ 

13C1 value 
in T1f

3 in the northern high point (-30.8‰ - -32.1‰), which 
corresponds to the fractionation during the alteration from 

4. The natural gas of the T1f
 3 Formation in the 

classified as mainly sapropelic. The shale in P2l, P2w, and 
P2d and the bioclastic limestone in P2ch were humic with a 

13C  value, the average of which was 
between 

13C  value in these 
13C1 value in 

the Permian and Triassic natural gas with the maximum at 
10‰, indicating that these four formations are not the source 
of the Permian and Triassic natural gas in the Jiannan gas 

from the Permian and the Triassic in the Jiannan gas field 

Fig. 6 13C1 of the natural gas in the Longjuba structure and 
13C

-40 -38 -36 -34 -32 -30 -28 -26 -24 -22 -20
13C, ‰

Kerogen type Type I Type II Type III Coal
Natural gas

methane

 III

 II

 I

C
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P2l P1q-P1m

O3-S1
-36.8

-31.6

-29.5
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13C  values of the 

gas in the Carboniferous is typical sapropelic natural gas with 
13C2 value below -40‰; its gas sources are the sapropelic 

Comprehensive analysis shows that the natural gas in 
the Jiannan gas field is mainly sapropelic; that the natural 
gas from P2ch and T1f

3 formations was mainly generated in 

well No. 51 in T1f
3 Formation of Jiannan gas field displays 

bearing series. The natural gas from the Carboniferous 

contributed to it.

5 Fluid migration paths
To more accurately trace the fluid migration paths, a 

southeast that essentially includes the Fangdoushan and 

Jian 38 wells, hydrocarbon accumulation and migration 
were examined, the formation, evolution, destruction and 
modification of different structures were studied, and 
hydrocarbon preservation conditions were evaluated in this 
area.
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Fig. 7

5.1 Fluid migration path in Xinchang structure

The 87Sr/86Sr value of normal paleo-seawater in the 
Early Triassic (the similar sedimentary age of Jialingjiang 

al (2005a; 2005b) ranged from 0.7076 to 0.7082; that of 
seawater (the similar sedimentary age of Daye Formation) 

ranged from 0.7076 to 0.7078; and that of Early Permian 

performed on strontium isotopic composition and evolution 

(2008). The conclusions were consistent with those published 
by Korte et al (2003; 2005a; 2005b), proving that the criterion 

of strontium isotopic ratio used in this study is applicable to 
r

isotopes in the Permian Changxing Formation of well 

in carbon isotopes. These studies implied that the fluids 
leading to vein formation were not sourced from the products 

the 87Sr/86Sr value of gypsum filling spaces in the Permian 
Changxing Formation (0.7100) was close to the strontium 
isotope of Early Cambrian seawater, which was reported as 

leading to the formation of gypsum were sourced from lower 
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Cambrian strata.
Previously accumulated calcium-carbonate-rich fluids 

inclusions (Fig. 9(a)), indicating that the Permian source 

saline inclusions were 120-130 °C and 160-190 °C (Fig. 
9(b)), corresponding to the depths of hydrocarbon migration 
and accumulation at 3,333-3,667 m and 4,666-5,667 m, 

Ro Ro value 

of abundant hydrocarbon generation. In the initial Early 

Early Jurassic, Ro

also show that two-stage hydrocarbons were captured in 
Permian reservoirs (P2ch2) in the initial and the late epochs of 
the Early Jurassic.

obtained from the fractures of the third member of 
Feixianguan Formation, show its source was Permian source 

of vein inclusions in reservoir fractures of the lower Triassic 
Feixianguan Formation because both have the same set of 

Changxing Formation has been proved to be sourced from 

methane exists in the inclusions along indistinct fractures in 

evolved to hydrocarbon expulsion with a high maturity or 
to a generation stage of abundant dry gas. The vein-filling 

calcium-sulfate-rich water generated in Cambrian source 

pathway of which was probably faults and fractures generated 
by Yanshan tectonism. In addition, the residual organic 

Earlier hydrocarbon preservation conditions were damaged 

5.2 Fluid migration path in Longjuba structure

in the well Long 8, indicated that although carbon and 

Bitumen

Calcite

Gypsum

Calcite

Calcite
Bitumen

(a)

(b)

(c)

0 2cm

Fig. 8 

the reservoir in Upper Permian, Changxing Formation (at the depth 

Triassic, Feixianguan Formation (at the depth of 3,151.42 m) of the 

Pet.Sci.(2013)10:1-18



13

Fig. 9
2

Permian Changxing Formation (P2ch2

1f
3

1f
3) of the well Jian 38. (i) Laser 

Raman spectra of organic inclusions in the third member of Lower Triassic Feixianguan Formation (T1f
3) of the well Jian 38; 2914.2 cm-1 and 1086.64 cm-1 
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13C and 
18O of P1m ranged from -2‰ to 6‰ and from 6‰ to 0‰, 

respectively; those of P2ch2 ranged from -1.5‰ to 4.5‰ and 
from -6.5‰ to 0‰, respectively (Korte et al, 2005a; 2005b). 

Fig. 10

0.40%Ro

0.60 Ro%

0.80 Ro%

1.20 Ro

1.60 Ro

2.00 Ro

2.40 Ro

2.80 Ro

400 360 320 280 240 200 160 120 80 40 0

0

1000

2000

3000

4000

5000

6000

7000

8000

Depth,
m

Time, Ma

S D C P Tr J K Pg Ng
CENOZOICMESOZOICPALEOZOIC

J

T3x

T2b

T1j

T1f

P2ch

P1m
P1q

S2h

S1x

S1l

Fm

(a)

0.40%Ro

0.80%Ro

1.20%Ro

1.60%Ro

2.00%Ro
2.40%Ro

2.80%Ro

3.20%Ro

400 360 320 280 240 200 160 120 80 40 0

0

1000

2000

3000

4000

5000

6000

7000

8000

PALEOZOIC
S D C P Tr J

MESOZOIC
K

CENOZOIC
Pg Ng

Depth,
m

Time, Ma

T3x

T2b

T1j

T1f

P2ch

P1m

P1q

S2h

S1x

S1l

Fm

(b)

Pet.Sci.(2013)10:1-18



15

6). It was shown that the fluids leading to the formation of 
veins were not directly sourced from the fluids of adjacent 

1m) and Changxing Formation (P2ch2) 
had 87Sr/86Sr values of 0.7071, within the strontium isotope 

indicates that the fluids in Lower Permian were sourced 
from the overlying Upper Permian. The fluids in the Upper 
Permian were not directly sourced from adjacent surrounding 

Long 8 were sourced from the Late Permian. The inclusions 
in calcite veins of Changxing Formation samples (4,314.67 

4 2S, 
4 inclusions (Fig. 9(d)). These results indicate that 

of coexisting saline inclusions ranged between 130 °C 
and 170 °C, corresponding to hydrocarbon migration and 
accumulation depths between 3,667 m and 5,000 m.

The fluid inclusions in calcite veins filling the reservoir 
fractures of the first member of the Lower Permian 

and 150 °C and the hydrocarbon accumulation depth was 
estimated at between 4,000 m and 4,330 m. The hydrocarbon 

well (Fig. 10(b)), indicates that hydrocarbon generation 

corresponding Ro

Ro

temperatures, we deduce that hydrocarbons were primarily 
captured in the Permian reservoirs of the well Long 8 during 

isotopic characteristics of natural gas in the Permian in this 
well suggest that the natural gas is mainly from Silurian and 

stage hydrocarbons were captured in Permian reservoirs.
The Permian reservoirs of the Longjuba structure were 

(Fig. 7(c)). One stage was the accumulation process of 

hydrocarbon fluids. Strontium, carbon, and oxygen isotopic 
characteristics of calcite veins filling the reservoir fractures 

fluids of calcite veins were mainly sourced from the Upper 
Permian, and the inclusions in calcite veins mainly consisted 

of hydrocarbon generation, and hydrocarbons were sourced 

natural gas in Permian reservoirs revealed the other stage of 

two-stage fluid accumulation was unable to be determined 

through petrography. The accumulation of Permian fluids 
was prior to that of hydrocarbons generated in the underlying 

short-distance cross-formational migration of natural gas to 
the Permian reservoirs. Tectonism was not very intense, and 
the faults and fractures were only able to connect the Silurian 

preservation conditions to partially remain in this structure. 
Exploration results have shown Longjuba to be a gas-bearing 
structure.

5.3 Fluid migration path in the Jiannan structure

micrite fractures adjacent to the third-member Lower Triassic 
Feixianguan Formation of the well Jian 38 in the Jiannan 

by bitumen, leading to a significant time order with a vein 
width of 2-4 mm. Carbon, oxygen, and strontium isotopes 

the formation of veins were probably sourced from external 
87Sr/86Sr 

with that of Early Triassic normal seawater (0.7076), which 

of seawater in the original sedimentation were retained. The 
87Sr/86Sr value of veins (0.7075) was also close to the high 
value of 87Sr/86Sr in Late Permian seawater (0.7067-0.7076), 
indicating that the fluids leading to the formation of veins 
could be sourced from the Lower Triassic and the Upper 
Permian strata.

limestone fractures of the third-member (T1f
3) Lower Triassic 

Feixianguan Formation (3,153.20 m) mainly consisted of gas-

temperature ranged between 132 °C and 148 °C (the 

and 145 °C (Fig. 9(h))). Temperature measurement and laser 
Raman spectroscopy revealed that the organic inclusions 
mainly consisted of water-soluble methane (Fig. 9(i)), while 

2S was contained in some inclusions. Calcite veins were 

petroleum inclusions. Thus, the charge of fluids leading to 

pyrolysis. Calcite was mainly distributed at the fracture edges, 
and sparse dry bitumen was distributed in the center of the 
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(Fig. 8(c)).

Feixianguan Formation revealed that the original fluids 

Lower Triassic Feixianguan had no potential for hydrocarbon 

the Feixianguan Formation. Drilling data from the Jianghan 
Oilfield indicate that natural gas was discovered in both 
the underlying Upper Permian and Lower Permian strata, 
showing that the natural gas in Feixianguan gas reservoirs 
could have the same hydrocarbon source as that of the 
underlying Permian reservoirs.

On the basis of the above analysis, gas sources of the 

the case of earlier favorable preservation conditions, vertical 
migration occurred in part of the natural gas generated in the 

Traces of two-stage fluid migration and accumulation 
were observed in the Jiannan gas field (Fig. 7(d)). One 
stage of fluid migration was the accumulation of calcium-

shown as the accumulation of hydrocarbons into the overlying 
Carboniferous reservoirs mainly generated in the Silurian 

no long-distance cross-formational accumulation of Cambrian 

hydrocarbon preservation conditions were excellent, and 
Jiannan gas field was discovered with vertical development 

Changxing, and the Triassic Feixianguan and Jialingjiang 
formations. 

Through the study of organic geochemical tracers in 
marine strata of the three typical structures, the differences 

accumulation of the Silurian and Cambrian fluids occurred 
in the Carboniferous, Permian, and Triassic reservoirs. 
In the case of a long-distance and large-scale cross-
formational migration occurring in deep Cambrian fluids, 

resulting in the reduction of preservation conditions of earlier 
accumulated hydrocarbons. This has created major problems 

case of a short-distance cross-formational charge of Silurian 

modification occurred to the earlier closed and complete 
preservation systems, which resulted in favorable hydrocarbon 
preservation conditions. Exploration has shown Longjuba 
is a gas-bearing structure. The Silurian and Cambrian fluid 
accumulation in the neighboring Carboniferous reservoirs did 
not reach the entire Permian reservoir; the Permian-Triassic 
and the Silurian-Carboniferous source-reservoir assemblages 
were classified as two non-interfering fluid systems with 
excellent hydrocarbon preservation conditions, leading to the 

Table 8

Structures The relation between the
 hydrocarbon and the source accumulation  accumulation

Distance between
 the formation Preservation Exploration

achievement
1) The Triassic residual organic matter 
comes from the Permian carbonate and 

2) The Permian residual organic matter 
is from the Permian coal-measure source 

3) The Carboniferous residual organic 
matter is from the Silurian and 

Permian
Permian cross-formational

Overall
destruction None

Longjuba 1) The Permian natural gas is from the 
cross-formational

Partial
destruction

Small gas bearing
 pools such as Longjuba

 structure

Jiannan

1) The natural gas of the northern high 
point comes from the Permian source 

2) The Permian and the Triassic natural 
gas is derived from the Silurian source 

3) The Carboniferous natural gas is from 

Cambrian, Silurian  accumulation 
from neighboring 

strata
No destruction

Gas pools in the 

the Carboniferous, the 
Changxing Formation of the 

Permian, the Feixianguan 
and Jialingjiang formations 
of the Triassic (Jiannan gas 
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6 Conclusions

organic matter in the Triassic and the Permian strata showed 

organic matter in the Carboniferous reservoirs showed similar 

in Carboniferous-Triassic reservoirs in the study area. 
Earlier marine strata above the Permian were shown with 

reservoirs. This accumulation was considered as internal 
fluid flow within the same relatively complete preservation 
system. The later accumulation of the Silurian and Cambrian 
fluids occurred in the Carboniferous, Permian, and Triassic 
reservoirs. In the case of a long-distance and large-scale 
cross-formational migration occurring in deep Cambrian 

fluids, resulting in destruction of preservation conditions 
of earlier accumulated hydrocarbons. In case of a short-
distance cross-formational charge of Silurian fluids to the 

occurred to the earlier closed and complete preservation 
systems. The Silurian and Cambrian fluid accumulation in 
the neighboring Carboniferous reservoirs did not reach the 
entire Permian reservoir; and the Permian-Triassic and the 
Silurian-Carboniferous source-reservoir assemblages were 

hydrocarbon preservation conditions. 
3) On the basis of studies of fluid migration paths in 

marine strata and comparative analysis of the exploration 
results, it was shown that intense late tectonism causing 
long-distance and large-scale cross-formational migration 

no superimposition or modification of Upper and Lower 

areas for future hydrocarbon exploration. 
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