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Abstract ; Molecular and isotopic composition data of over hundred gas samples were combined with analytical data of
source and reservoir rocks to deal with geochemical uncertainties of gases in the Feixianguan-Changxing Formations in
Puguang, Yuanba and Tongnanba regions in northeastern Sichuan Basin. Discussion was focused on differentiation of
cracking gases from oil and source rocks, causation of carbon isotope reversals in hydrocarbon gases and genetic relation-
ship between CO, and H,S. The results show that oil cracking gases from vuggy reservoirs abundant in solid bitumen in
Puguang and Yuanba regions are relatively enriched in propane and have low In(C,/C;) value ( <3.0) as a diagnostic
signature. In contrast, the source rock cracking gases ( sourced from kerogen and bitumen cracking) from fractured reser-
voirs in Tongnanba region, exhibit a co-varying In(C,/C,) and In(C,/C; ), and display higher values ( >3.0) of
In(C,/C,) , distinguishing from typical oil cracking gas. Isotope reversals, resulted possibly from various factors, appear
extensively in hydrocarbon gases from the Formations. For the paraffin gas from the Feixianguan Fm of Hebachang gas
field in Tongnanba region,the isotope reversal can be attributed to a mixture of post-mature dry gas generated from the
Upper Permian Longtan source rocks and gas with slightly higher wetness coming from the Silurian source. Two non-
hydrocarbon gas composition modes ,namely high H,S content-low CO, content and low H,S content-high CO, content, are
recognized in the gases experienced TSR from the Feixianguan-Changxing reservoirs. The relative proportions of these two
non-hydrocarbon gases may be associated with overall interaction system of reservoir fluids and rocks. CO, with somewhat

negative carbon isotope is possibly resulted from hydrocarbon oxidizing in high H,S reservoirs , whereas , isotopically heavi-
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er CO, could be mainly formed by chemical degradation of carbonate when it presents in abnormally high amount.

Key words : carbon isotope reversal, carbon dioxide, oil cracking gas, source rock cracking gas, natural gas, northeastern

Sichuan Basin
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Fig. 1 Sketch map showing distribution of gas-bearing structures

studied in northeastern Sichuan Basin
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Fig. 2 Stratigraphy column of northeastern Sichuan Basin
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Changxing Formations, northeastern Sichuan Basin
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Table 2 Carbon and oxygen isotopic compositions of calcite and dolomite from the Feixianguan-Changxing
Formations in Puguang region, northeastern Sichuan Basin

5 FB/m =i i 33 C/ %o 3'80/%o ik
EH3 3872.00 ~3 880. 19 T,f* Jr A -11.35 -7.70 Vit Zal
£33 4334.25 ~4342.36 T,f? ik, el -20.86 -6.09 FLIF e85 A
T3 4334.25 ~4342.36 T,f* IR ~14.34 -6.29 LR RA
EH13 4384.65 ~4393.29 T, f! Jiff A1 -2.51 -5.66 5 i Bk
3 4410. 94 ~4419. 60 T,f! Jriga -8.88 -5.60 FUIF Ze By i
EH3 4410.94 ~4 419. 60 T,f! Hz=fA -0.65 -4.95 A
E13 4410.94 ~4419. 60 T,/ iy e -9.42 -5.69 AL FEHL T A
FE413 4437.06 ~4 444. 10 Pyc b3 2] -1.69 -6.41 Tr i Ik

SR CO, 1 37 C R ZAEX AL, HA B CO,/
H,S AR s T A2 FE A8 3. T, ml HEW 7 CO, %
AR R H,S AR, CO, BN Hh s
HBRIR LA™ W B A~ g A FHT A

TR AR, IR PR SN AL AT BEAR 2 A [ 7R
JEHAFAE TR — U, R 3L CO, A H,S A9 854 e
Bk il 37 2R B LSO AR & b 2 MR EARE TR 2528
ETENMAESNR HAEAERE. 7550, Hit =1
SRR, FAIT I JGIE 7R A 41 2 e A A=A 07 T 36 k5
L6 7 REAL

1) JIZR At 4 DR 38 5' R e 300 3 4 9 Al 56
A — AL L 3 B v e 2R H
Bk U, e S BD TN A X R 22, R R Y
In(C,/C,) fE%m (6 ~8),In(Cy/Cy) AR ( <3.0),

8
4 a-—————"-=---
- m
o ® @ .. u
’ ®
0r /7 @ o e
$ o/ m m
5 7] ..E. Gl =
o [e] m o R
< 1 -
N I -
- | ® o000 W
;| / o T/ (K¥E)
I m®e! ® P (K6
St & 1 o T/ (GEH)
m Pc (o)
oT/f (ERE)
1 . , . ‘ ‘
16,0 0.5 1.0 1.5 2.0 25 3.0
CO,/H,S(BE/R 43 HL AR
B8 JIZARALH X RS — K4 TS CO,

i[RI R A5 CO,/H,S HAFHAE{L
Fig. 8 SBCCOZ vs. CO,/H,S diagram of gases from the

Feixianguan-Changxing Formations , northeastern Sichuan Basin

T EL B R A 1 11 [ 25 2R A TR A 32 B2 s
s w2 <, B In(C/C) (HEAR (3.5 ~7.0)
M In(Co/Cy) fEHE (>3, 0) BYLHBURHIE

2) BRI RANSEA - KMMEARRATP, C
1 Cy B m A A e ke S AT AERR TR 38 T 43 A, DI
PRI O] REAN S AH TR o X 30 g B DX 49T 37 Al o 2
S, HBERE SN ST 4341, S FH TR 4 e R o7
2 M AT SR AR R 3 5 HR R R A B
FRPRE

3) kAL TSR AR ®ANSCH — 2441,
1 CO, K H,S Ffik CO, /& H,S PiFh s M, &
TR AR 5 H A ) 00 2 21 A2 SRR - A 4 A
PERR R R3S . =& H,S iU, CO, F2ORIA
TR AL HLTAR - H A sSHVE T, Bk R 36 AR
XFBEER s AE CO, S 5 MRS, CO, FEHiH
PR IR ER A Ak 2 A3 A T A, FLRR IRl R AL

2 % x #t

(1] kAR SRR, B 5R, 45. DU gt rp 28 AR A< A1 A
SEIOTI L], ATl ,2010,31(3) :347 - 354.
Ma Yongsheng, Cai Xunyu,Zhao Peirong, et al. Distribution and fur-
ther exploration of the large-medium sized gas fields in Sichuan Basin
[J]. Acta Petrolei Sinica,2010,31(3) :347 —354.

(2] BEF, TR AN, 55 DU Fit 5 2R = RN R AR
AR EMESE T (1] Al S KRR, 2014,35(3)
295 -302.
Guo Xusheng, Huang Renchun, Fu Xiaoyue, et al. Gas accumulation
and exploration direction of the Permian and Triassic reservois of reef-
bank facies in Sichuan Basin [ J]. Oil & Gas Geology,2014,35(3) ;
295 -302.

(3] KW, ERE, M7, 5. AR E DO X KR R A3
JEHT], # s Rl ,2008 ,43(3) :518 - 532.
Zhu Yangming, Wang Jibao,Hao Fang, et al. Geochemical character-
istics and origin of natural gases from Xuanhan area,eastern Sichuan
[J]. Chinese Journal of Geology,2008,43(3) ;518 —532.

(4] SSEAE. JUIR)Z MM A RRIE 5 s EHREE R[], KK
K T0lk,2011,31(10) :12 - 16.



362

eI IECIP NN D

5537 %

[9]

[10]

[11]

[12]

[13]

[14]

Guo Tonglou. Basic characteristics of deep reef-bank reservoirs and
major controlling factors of gas pools in the Yuanba gas field [ J].
Natural Gas Industry,2011,31(10) .12 —16.

Fuk, R AE, BRE . 1 ARG DX R SR AR SURHAE K S
WL A SRR M, 2011 ,32(6) <867 - 872,881,

Wang Qiang, Xu Liheng, Chen Jianfa. Characteristics and origin of
natural gas in large- and medium-sized gas reservoirs in northeast Si-
chuan Basin [J]. Oil & Gas Geology,2011,32(6) :867 —872,881.
Hao Fang, Guo Tonglou,Zhu Yangming, et al. Evidence for multiple
stages of oil cracking and thermochemical sulfate reduction in the Pu-
guang gas field,Sichuan Basin,China [ J]. AAPG Bulletin,2008 ,92
(5):611 -637.

KA, 5koK B BRI, 55 JIRAEBIX RANDCH & & H, S KA
TSR BRI [ 7 2R ] A E R (D 4§ ,2005,35(11)
1037 - 1046.

Zhu Guangyou, Zhang Shuichang, Liang Yingbo, et al. Isotopic evi-
dence of TSR origin for natural gas bearing high H,S contents in the
Feixianguan Formation of northeastern Sichuan Basin, China [ J].
Science in China( Series D) ,2005,35(11) ;1037 - 1046.

Cai Chunfang, Li Kaikai,Zhu Yangming,et al. TSR origin of sulfur in
Permain and Triassic reservoir bitumen, East Sichuan [ J]. Organic
Geochemistry,2010,41(9) :871 —878.

A BT, 28, 5 IR AL XA 2 R M 0 i Ak &
VB LH [T ] A5 KA H BT, 2015,36(2) 1183 - 192.

Li Kaikai, Cai Chunfang, Jiang Lei, et al. Origin of H,S in sour gas
reservoirs in the Upper Permian Changxing Formation in northeastern
Sichuan Basin [J]. Oil & Gas Geology,2015,36(2) ;183 —192.
Prinzhofer A A, Huc A Y. Genetic and post-genetic molecular and
isotopic fractionations in natural gases [ J]. Chemical Geology,1995,
126(2) :281 —290.

Behar F,Kressmann S, Rudkiewicz J L, et al. Experimental simulation
in a confined system and kinetic modeling of kerogen and oil cracking
[J]. Organic Geochemistry,1992,19(1 -3) :173 —189.

B 2L, TR OK B BEAE . TR 2R A R AR S R T i R
L] A5 T % ,2001,28 (4) 47 -49.

Zhao Mengjun,Zhang Shuichang, Liao Zhiqin. The cracking gas from
crude oil and its significance in gas exploration [ J]. Petroleum Ex-
ploration and Development,2001,28(4) .47 —49.

KAHW 2R, R, A5 DU b ARG AR i Bl AR it 2 0 7 2
FAIERRIRLT] . 417741 ,2012,28(3) 870 - 878.
ZhuYangming,Li Ying,Hao Fang, et al. Compositional characteristics
and origin of marine and terrestrial solid reservoir bitumen in the
northeast Sichuan Basin [J]. Acta Petrologica Sinica,2012,28(3) .
870 - 878.

Schenk H J, Primio R D, Horsfield B. The conversion of oil into gas in
petroleum reservoirs ( Part 1) ; Comparative kinetic investigation of gas
generation from crude oils of lacustrine, marine and fluviodeltaic ori-
gin by programmed-temperature closed-system pyrolysis [ J]. Organic

Geochemistry, 1997 ,26 (7/8) :467 —481.

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

Hill R J,Tang Y, Kaplan I R. Insights into oil cracking based on la-
boratory experiments [ J ]. Organic Geochemistry, 2003, 34 (12)
1651 -1672.

Pepper A S,Dodd T A. Simple kinetic models of petroleum formation
(Part 1T ) : oil-gas cracking[ J]. Marine and Petroleum Geology,
1995,12(3) ;321 - 340.

Guo Liguo, Xian Xianming, Tian Hui, et al. Distinguishing gases de-
rived from oil cracking and kerogen maturation ; Insights from labora-
tory pyrolysis experiments [ J]. Organic Geochemistry, 2009, 40
(10) ;1074 - 1084.

Machel H G,Krouse H R,Sassen R. Products and distinguishing cri-
teria of bacterial and thermochemical sulfate reduction [ J]. Applied
Geochemistry,1995,10(4) :373 —389.

B, Bz, KK B A ARIF BT T T A A SR A
[J]. PR (D ) ,2007,37 (BT D) 63 -68.

Zhao Wenzhi, Wang Zhaoyun , Zhang Shuichang, et al. Cracking con-
ditions of crude oil under different geological environments [ J]. Sci-
ence in China( Series D) ,2007 ,37(S2) :63 —68.

WG R, BT, F#IE K5 PEA PR R R R R P
B LT ] A3l RAR BT ,2003,24(1) <1 - 6.

Dai Jinxing, XiaXinyu, Qin Shengfei, et al. Causation of partly re-
versed orders of 8 C in biogenic alkane gas in China [J]. Oil & Gas
Geology,2003,24(1) .1 -6.

Rodriguez N D, Philp R P. Geochemical characterization of gases from
the Mississippian Barnett Shale,Fort Worth Basin, Texas [ J]. AAPG
Bulletin,2010,94(11) ;1641 - 1656.

Tilley B, Mclellan S, Hiebert S, et al. Gas isotope reversals in gas
reservoirs of the western Canadian Foothills: Mature shale gases in
disguise [ J]. AAPG Bulletin,2011,95(8) :1399 - 1422.

Xia Xinyu, James Chen, Robert Braun, et al. Isotopic reversals with
respect to maturity trends due to mixing of primary and secondary
products in source rocks [ J]. Chemical Geology,2013,339(S 1 ):
205 -212.

Sherwood L B, Westgate T D, Ward J A, et al. Abiogenic formation of
alkanes in the Earth’ s crust as a minor source for global hydrocarbon
reservoirs | J|. Nature,2002,416(6880) :522 —524.

W R AT SR, B 01 i B i 2 e Rl A 3R A8
B BT ] A7l ae4i,2010,31(5) 710 =717,

Dai Jinxing, NiYunyan, Huang Shipeng. Discussion on the carbon iso-
topic reversal of alkane gases from the Huanglong Formation in the
Sichuan Basin,China [ J]. Acta Petrolei Sinica,2010,31(5) :710 -
717.

Machel H G. Bacterial and thermochemical sulfate reduction in diage-
netic settings-old and new insights [ J]. Sedimentary Geology,2001,
140(1 -2):143 -175.

Krouse H R, Viau C A, Eliuk L S, et al. Chemical and isotopic evi-
dence of thermochemical sulphate reduction by light hydrocarbon ga-
ses in deep carbonate reservoirs [ J]. Nature, 1988, 333 (6172):
415 -419.

(%4 & %)



