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Migration and Accumulation Efficiency of Natural Gas in Feixianguan Formation
Oolitic Gas Reservoirs, Northeastern Sichuan Basin
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Abstract: An oil cracking experiment in a closed system was designed and carried out. Based on this, kinetic models for describing
gas generation from oil cracking and carbon isotope fractionation during this process were established, calibrated and then applied to
Luojia 7 well located in the Luojiazhai gas field respectively. From the hydrocarbon generation kinetics research, it is found that
Feixianguan Formation ancient oil reservoirs are “high efficiency gas sources”. Their oil almost cracked completely in only about
20 Ma, the period of 172—151 Ma in the Middle— Late Jurassic. And along vertical faults, the oil-cracking gas migrated fast into
the Feixianguan Formation oolitic reservoir with a high porosity and permeability and sealed perfectly by gypsum caprocks in the
fourth member of Feixianguan Formation, Jialingjiang Formation and Leikoupo Formation. Consequently, a highly efficienct migra-
tion and accumulation of natural gas could be formed. Carbon isotope fractionation kinetics research proves that the accumulation
participation rate of methane amounts to 87%. It is a new and effective method to evaluate the migration and accumulation efficiency
of natural gas with a combination of hydrocarbon generation kinetics and carbon isotope fractionation kinetics.
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Fig. 1 Transformation ratio curves of methane (a) and total gas (C,-C;) (b) from the cracking of Feixianguan Formation

oil, and carbon isotope value evolvement curves of the methane (c¢)
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Table 1 Chemical kinetic parameters of methane generation

(A=1X

from the cracking of Feixianguan Formation oil

E(kJ/mol) ZCH, 5CH,
150 4.38X107° 3.34X107¢ 4.27X1076
160 4.38X1077 1.50X 104 2.20X107°
170 4,.38X107° 1.58X10* 2.34X1075
180 4.38X107° 1.59X10* 2.42X107°
190 3.91X107° 2.31 X107 1.97 X103
200 9.65X103 8.50X1073 6.87X103
210 2.85X107° 2.44X 1010 2.52X10°6
220 3.78X107°6 3.70X10710 3.03X107°
230 1.55X107! 1.54 X101 3.94X107!
240 1.28 X101 1.27 X101 2.15X101
250 2.13X101 2.12X101 1.74 X101
260 2.19X1071 2.17X1071 8.39X10%
270 1. 84101 1.88X10 ! 8.96X10 2
280 5.54X102 4.92X10 2 8.59X10 *
290 1.20X10°7 2.27X102 2.37X102
300 3.21X1072 2.46X10718 1.67X1073
310 3.62X1073 1.81X10 13 6.90X10*
320 1.10X10°7 4.01X10°13 1.81X10°°
330 7.27X10°8 3.22X10712 1.62X107°
340 5.87X10°8 2.06X10"2 1. 94 X105
E(kJ/mol) 254,49 255. 29 243. 49
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Fig. 2 Hydrocarbon generation activation energy distribu-

tion of methane (a) and total gas (C;-C;) (b) gener-

ated from the cracking of Feixianguan Formation oil
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Fig. 3 Burial (a) and thermal (b) histories of Feixianguan Formation of Luojia 7 well in the Luojiazhai gas field
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Fig. 4 Transformation ratio curves of methane (a), total gas (C,-C;) (b) and heavy hydrocarbon gas (C,-C;) (¢) from oil

Fig. 5

cracking of Feixianguan Formation ancient oil reservoir of Luojia 7 well in the Luojiazhai gas field
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Table 2 Stable carbon isotope composition of Feixianguan For-
mation natural gas in the northeastern Sichuan basin
oG oBC, H»2S
(m)  (%,,PDB) (%0,PDB) (%)
1 T, 1 3400~3460 —30.1 14. 19
2 Tyl 4022~4162 —29.5 16. 24
4 T, /51 4191~4220 —29.8 —32.4 9.81
6 T/ — —30.4 —
7 Ty 3856~3956 —31.5 —29.4 10.41
2 T, 51 — —29.0 -
11 Ty 2824~2970 —33.0 —35.2 0.12
13 T, ! — —33.0 —34.7 —
16 T, /7! 2563~2669 —33.5 —37.4 0.11
22 Ty /571 3024~3040 —33.8 —36.5 0.11
« 2. 5
) 163 Ma

12%C  4a),
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( 48) ’ ’ 87%
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