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Table 1 Chemical and stable isotopic compositions of natural gas in the Northeast Sichuan basin
s S g o Hﬁb"%lﬁ]&%zunfc(%vm : %Hé}(%‘) : | enyco, (H,S+CO2)
3% Cco, | 813C, | 8%Cy | Ny | COz | C1 | C2 | Cs | HeS /(H,S+CO, +HC)
Kl | k2 T, f —7.41—28.9 0.89 [10.04|74.95| 0.03 | 0.00 |14.06 7.5 0.24324
WREYE| B 19 C —7.7|—31.8/—36.2]0.67 | 1.35|97.2]0.73]0.05 | 0.42 72.0 0. 017699
Wl | #wok S Pych —3.6|—31.1|—32.8]0.46 | 2.49 |96.32] 0.16 | 0.01 | 0.55 38.7 0. 030553
HEE # 12 C —4.2|—34.6|—38.5]2.00 | 0.41 |96.55]0.69 | 0.15 | 0.15 | 235.4 0. 005718
Bl | B2 T, f? 3.3 |—33.18—32.3 0.01 |99.64(0.32|0.04
EHY| B3 Poch  |—5.81|—31.1 1.21 10.91(52.58[ 0.03 | 0 |34.72 4.8 0. 464475
EH| EI4 T, f! —3.1|—3L2 3.15 [16.31]67.31|0.37 | 0.01 |12.73 4.1 0. 300217
B | BI6 T.f"7% | —8.2|—31.9 1.28 | 7.67 |73.85] 0.41 | 0.01 | 14.2 9.6 0.227481
T EBH6 T, f3 —7.7|—32.1 0.87 | 8.45 [75.17| 0.43 | 0.01 |14.96 8.9 0.236417
LS 5 3 T, f2 | —4.46|—30.22 0.29 [15.32[22.06| 0.05 | 0.00 |62.17 1.4 0. 778012
®Te | W3 T,/ |—0.18—29.71 0.55 [18.03[71.16| 0.02 | 0.00 | 9. 27 3.9 0.277214
T | WS T, f3 2.41 |—33.66 1.51 | 7.86 [90.45| 0.06 | 0.01 | 5.10 11.5 0.125242
o 6 5 Ty ! 1.09 |—30.96] 0.79 | 8.27 |89.02] 0.05 | 0.07
TS | W6 Ty 270 | 1.84 [—29.49 0.59 | 9.92 [75.50| 0.03 | 0.00 |13.92 7.6 0.239911
T | W6 T, f3 1.96 |—33.14 1.36 | 8.62(89.88] 0.06 | 0.02 | 6.62 10. 4 0. 144867
W | Aok 71 T, /! —2 |—30.8 0.47 | 8.46 [76.76/| 0.41 | 0.01 |13.87 9.1 0.224382
T | T 7-2 T, f2 —1.1|—31.1 0.50 | 8.53 |77.76| 0.38 | 0.01 |12.81 9.1 0.21447
P |k 7M1 T —1.7|—30.7 0.30 | 9.83(78.83|0.03 | 0.00|7.56 8.0 0. 180679
Wy | WS |Tif—Psch| —1.1 | —29.6|—30.6| 1.44 | 9.48 |82.120.019 6.89 8.7 0.166178
Tl Tk 8 Pych —1.5[—30.9 1.33 ] 9.49 |82.24] 0.02 6.90 8.7 0.166178
T | EI9 T, f13 0.4 |—31.1 0.47 | 8.08 |77.42| 0.05 | 0.02 |13.92 0.221128
ok | I Pych —1.3 | —30.0|—31.5| 1.05 |11.54|72.96|0. 026 14. 29 6.3 0.261395
F!ok | #obo T/ | —1.9|—31.1 0.67 | 8.32 |77.29| 0.02 13. 69 9.3 0.221659
T | W9 P ch —2.6|—30.9 0.96 [11.55|73.04| 0.03 14.31 6.3 0.261395
TS | W9 Pych —1.7|—30.9 0.93 [11.21]72.84| 0.03 14.98 6.5 0.264327
Ay LH28 C —4.9 |—31.3 1.61 | 1.53 [96.17] 0.66 | 0.03 | 0. 34 62.9 0.018977
HARY| LH 53 C —3.9 | —31.9|—34.6(0.43 | 1.55(97.39] 0.61 | 0.02 | 0. 40 62.8 0.019463
HEM| KA 21 Psch —6.4 | —32.0|—36.4|0.22 | 8.24 [86.43]0.08 | 0.00 | 5.02 10.5 0.132875
HEK| KZR 51 C —4.2|—31.9/—37.2]0.76 | 1.78 |96.41] 0.95 | 0.09 | 0.12 54. 2 0.01911
HER| K753 C —1.6 |—31.8/—31.0] 0.30 | 8.70 |90.72]| 0. 28 5.41 10. 4 0. 134237
il il 4 C —8.0|—30.8 0.68 | 0.87 [97.47]0.19 | 0.01 | 0.77 0.016515
W | R C —5.7|—32.5/—38.8]2.19 | 1.28 |96.07| 0.35 | 0.04

L RZNHMmAS ., i TERIICHEMAGEAZ
TSR fER M, B LR A 8 C, Fit 8" Co B A T i
RARARE A, [ 1 R DU )1 F5 b AN ) 28 L R AR S
Bt Ja Sk IR 67 3R 40 A 56 & L NI A ] 1, )1 ARJE R
SR AN R) 1] o i DX 28 7R P A5 A0 R A
TR v L IXRRAoy JBRRE RS TN AR JE R
SR N 7R 1 DX 2 A AR R o 3R 3y il B AR ALE
BARELOCAH KA P A VCHEHET
—28%0, W 2 RIS 6 HER A R B HH ST C,
5oV C R R B A [R] T PR B e BL 2 A R R
BRI SRRAE . 3XRE SR AR Ol R SO
4.2 CO.RiEESmERE

JUZRAL 1l DX Ui AH M 2 KRS CO, 5 784 38
K 0.01%%] 18.03% A%, 4 CO, 5 H,S &y
KF 5. 0% 1. CO, 5 H, S Z 18] H AT 55 4 1 15 AH 56 ¢

AU 2), 2 CO,F /AT 500mE. CO My 6% C {Ef
CO, & 5 BT 3 I 31X 55 55 LR 40 & & X R
s B A Y CO AR R 22 4k SR BL T 3) L3
&Y COF i KF 5. 0700, CO, 1y 8" C fHFE CO, &
A 2 A s e B e A O U VR AR 21
RV 2 FATBIN 3 He 13 26 B BA B
) Hy S, — KT 5. 0% X Ui T I ZR ALt X CO, /]
REAFE W R A BVl P98 4 Y e itk 20 i A TSR A
o R CO M A 5 Pl A - A LT i) $A 3
1k (Tissot and Welte, 1984 ; Dai et al. , 1996; Zhang et
al. ,2008a) . Hi 18 it <, (Poreda et al. ,1986; Xu et al. ,
1995,1998) | iy 7 H e R £ v 1) 8 ik 2 e (/4 I e o %
AW TR (Dai et al. ,1996; Zhang et al. ,2008a)
FRlREL 40 7 2 J5 /E F (BSR) (Machel, et al. , 1995;
Machel.2001) LA S i iR #4422 38 5 FT (TSR) CR
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Fig. 2 Plot of H;S vs. CO, for natural gas

from Northeast Sichuan basin

FeA %, 2006a; Mougin et al. ,2007; Cai et al. ,2003),
P T O 1| % Ay B 780 w3 2 (X et al. ,1995) . H.
Eiﬁi%ﬂ?%mﬁﬂhﬁﬁjﬁﬁﬁ%(ﬂij"ﬁﬁ% 2006a;
Cai et al. ,2003) . ;X FE I A AL HB X CO, AN £ 75 1 1 it
SR B R #h 8 AR L. TR L 8T C R T
—8. 0%, A ML HE FL T2 B CO, sk A B . Bt
JUZRALH X KSR A CO, 32N I IR 3h A A =1 1R 40
fift A1 TSR AEHPIRIR IR . CO, & &/ F 5%.CO, &
w5 WCHSHEEARAM S B X HAMMME. BNE
BUONRRIR LA 1 = i A 1 CO SR+ 5.0%, A
HARK SR H,S, /fe 5 TSRIEAAHUI LR,
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Fig. 3 Plot of CO,vs. 6" Cco, for natural gas

from Northeast Sichuan basin

TR F=84% R A HEE.H S & & 0~
62.17%,F ¥ 10. 96%, HIk h £ =& 5 K X4,

0.55%~34.72%  H, S & i34 9. 7300 . A1 Ik F & i
Bk Ho S i 0~5.41% .44 0. 95% . FE¥ LA H
H,S & & %3 R &, A~ F 5. 0% ~62. 170, — |k 7F
12%~17%, H g 3 5% 3 H 5448. 3 ~54. 69 m Fl
5423.6~5443 m Bt H,S B . 25 H 62. 17% F
45.55% . KIRA P H, S B IR T4 5 2 5k J5 i A
TSR S0 fH &K BRI U0 i H, S — 5 & /)
F 3. 0% CRIGA 45 ,2006a) , i TSR /E A4 B H, S
S AR K (R OB A 4. 2006a; Cai et al. , 2003,
2004) AR H, S & 15, 0%, KRR T 2 50l
s HL8Y Co B F L ) R AR W] I i A2 3 TSR ki
CRIEA % ,2006a; Cai et al. ,2003,2004), X FE. 761
ZRAbHLIX AT RE) T Z AEE TSRAEAT .

TSR Z 4560 ML 5 A P R 8 7E — & I 2%
PR R A A 22 30 SR RN . TR — N i R e £
Bl R AR . H R AE AN TR B0z B B A= 180 <
TR F= s A A ] 78 TSR IR I 4R 80 1 25 A1k ik
AR SE A S AR P2 CH, L H, S fil CO, (Pan et
L. 22006 5 Jz B J5 & A] LI 3R
SO +HCU&E#)+ H,0—~CH, A +H,S* +CO,

SRR TVIVE )| AN s Y s 3% Y SN P AL N DR S e
B & AR S AL RE AR B 2R AL G W B 1 A e
FEA AL A A i K 5 CH, \H, S, CO;, %n H, O(Zhang
et al. , 2007, 2008b), 441 K & & 2 Ak 1l A2 Oy
CH, .H,S #l CO, i}, i 153 KR ST REOG K R
PEAE Ho S F1 COL AR & 3 m . & 4 S5 )1 AR b
X K#S CH, &t 5 (H,S+CO,)/(H, S+ CO, +
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2C X FREL, MWE A AL, A CH, & & i3
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B, WS AR (H, S, CO,) B4 & TSR Ry —
AN B R B R R RNV 26 4y F & A4 TSR
B Az R M AR A A A TR, TSR 2o it b 45 F k&
B By FE AT 52 i A (Pan et al. ,2006) .
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H,S #1 CO, (Machel et al. ,1995;Cai et al. ,2003;
Krouse et al. ,1988a) . {H #HE 4 52 45 25 S KL H] TSR
F o b 2 A R By CHL LR HL S il CO,
(Pan et al. ,2006; Zhang et al. ,2007,2008b) , {5 B
TSR AEFHAALAE 1595 28 % 2B Ak il 28 28 i HL S il
CO, . T HAEW A K& CH, K4 k. W% TSR
F AR B E— 2D ) CH, 23 8 13 A FE € L I 5 i
iz £k J AR % H, S FllzK (Cai et al. ,2004) 5 )2 b 7] &
4 S

CaSO, +CH,—~CaCO; +H,S+H,0O

TSR i ef 7 v o £ B A Ao Bk T8 60 & 43 1
PR hy i 2 e s OB o A2 A R R O U s B 5 e
OO PG C DL R CC B Y B RE A5 N A
[, SRR ER BB, "CHEZLZ5 T TSR
SR ST C 0B 22 4 O BE A 5K B R 28 v 1 A S



1200 Moo

E 2009 4

B 304
30 = —

R

)5 R
R
—~ R
= oaqnl — R
=4 R AR
jan [ R
= 15 PR R
N v SRR P 1 [ —
N R s ]
B L N ]

L ey R
10 R Ay
A R AR

B 7 NIZRIEH X R AR T 8 Coeo, IR 50 A1
Fig. 7 The statistical distribution of §" sz values

in Northeast Sichuan Basin

J& 5% B R AR X E LY C, BEAE TSR RN e FE 1
s H. S F CO. & 38 in 48 28 S Ak b A8 4 1 iy CH,
T IR A7 2% 21 ok 3% 7 7% 3 (&1 6) . i I, TSR
1T AR S AR R S R T AR JE AR R CHL sk [ 37 R AR
.1 CO, BBk [E] {3 2% 28 42 (Pan et al. ,2006; 866K
4,2006b) , SR I ZR L HL X K AR CO, Y Bk ]
137 3% 20D AR L 8 Coo, (L — MK F — 8%, H i
KT =200 0 5 BRE 5 B0 50 %, 4E I 5 56 < H
8" Ceo, HHEAYRT — 2% (B 7)o R HIEEM
3" Ceo, (5 AR T TSR B I2E rh 8" Coo, fH 5
TE BB 8" Coo, (B A 52 — & 8" Coo,
INF —30%0 . TR 8" Coo, fELfi = AT AE 5L K
s TSR AR CO, S5k Mg®™ (Fe’" fil Ca™"
54 B B AR ES A O LUBR R R 1 T8 XCUTTE B ok

CO, + Mg*™ (Ca*", Fe’" ) = MgCO; (CaCOs,
FeCO;) ¥ +H,0

X BERR R R 1T L 13 5% B CO, 1 8% Coo, 1H72
O Bk R R b AR AR R R CR A
2006b) , [z 1 CO, MKk [A] 57 3R 23 £ TSR A K A
AR R £h 5 43 1 R 9 CO, 22 18] A %% 4k ( Giuliani
et al. ,2000;Krouse et al. ,1988b) , 3 {ai 154 [7] fi7 =
MBI COAEZS 5 I A ItiE . HoNTE
fitg J22 b 2 B KA R B K R A A AR B
i AE 3 3K 6 5 i 1 i R R R Bk [ A7 25 4 B ol A
B — B SV CHH/INT — 2%, KR AL B b X R A
) 8" C {EH fe 58 — 18. 2%, -390 — 14. 5%, 1 JK
FH U C H— R T 2. 0% (G H %, 2006b) , [
B B F TSR SR {453 K S8 S h 7K 1% pH A & £
AL B TSR AR I 8 . pH (A 5 0/ B L S

HR i 2 K R B A X R TR R G )2 LA R 1 S el
ML BRI AE R CO, . R TE 6000 m 2247 i 2 L
BREEARTF 20% . F 20 12% . 3E B B P S0k B
U R A A K AL & L )2 R 1
R FE T BE AR R Y6 2, 20060) 3l i R TSI
JE& ol Bk R A By CO, HAT F (Y 8% C L 241X ¥4
CO, 5 TSR 38 CO, FT B B A COR G
Ja A CO, Fr ity i, 8" C fH A8 8 (5 5K W) # FA A
L .

T CO, FR/ANTF 5. 0% KARA.CO, HEY
0" Ceo, (HZ A1 BA B A5 (¥ IEAH G H. 8% Ceo, fH A
—8%i~—2% .z, CO,&&5 813Cc(>2ﬁz&ﬁ}ﬂgﬁ
A OV 18 B e R 5 A A O i AR I CO, o2 B W I
HL 8" Ceo, 1 B B2 T 0 BR R 5 BE T . D5 4 ¥ AH ¢
12 6 25 AR URHEE B0 & 2E A R TE I CO. Bk [H])
AR &, 8 Cco2 HH 0+ 3% £ 4 (Dai et al.,
1996) .

5 45

3 30 1] 7R b Hb X R AR AR Ak 2 4 4y R0 R s [
FLR BT KR A i Ak il B 2 A <. TSR /EH
AR 28 & A 2, JF A K i CH, L HL S #il CO,,
H CO, 5 H,S HABAF M IEAH M, & a0 K F
5.0% . [AlAf, TSR 1 F A 15 58 26 S04 LU e oy
TR ZR RO A s B ik [ AL R A — A R A
i . JARJEH X R IR CO, 3 %4 45 Bk IR 1
AR A TSR VR R b ik B2 £ 25 #0001 A= B i)
CO, & 5 — /N T 5. 02,8 Coo, fH/N T — 2% H
CO, &5 8" Ceo, fHAA IEA A 117 TSR AF JH2E
B CO, E KT 5.0%6,8" Coo, (HE R T —2%0. H
CO, &Y 813(3(702@/]%*%%5% Ay A S L i AR X
PRI 2 R 2 TSR A iy CO, 5 i g 35
Mg®" [Fe*" Fil Ca® 55 4 )@ B ¥ LABR R 4k 1) B Ui U
IR S A 5 350tk R 6 4 2 R AR T i O A L 8 C
FH CO.. FIH CH,/CO.{H A1 (H, S+ CO,)/(H,S
+CO, +2C, ) HBEUE BT 1 Sz e TSR #E47 2 5
24 CH,/CO, {8 f1 (H, S+ CO,)/(H, S+ CO, + X
Ci D MEHBI/NF 10 FERF 0.1 1, ffi% TSR 1E
waggE , CH, /CO, {3k 2V, 1 (H, S+ CO,)/(H, S+
CO, +2C, D EFEHSE .

2 % x #t

W Bl R KL 1992, P [E R AR B E. B —. AL R A7
ot AL



4 8 X447 4 AR X

et

AP CO, 5 TSR AR % 1201

DA SR L A E AL 2005, DY 1 3 3t 38 5 R TR A A R AE B g
R G LA 224, 79(6) - 858 ~865.

HRAE 51994, KRR SR BE KW . bt Bl A

RIEA S TRKE RS, Bk A A T IR 2006a. DY 1] £33
& Ho S RIRH 34 5 TSR R FEHE. H 5T 24 . 80(8) : 1208
~1218.

KA KK E SRR, 84 R L 2281 2006b. JIIZR Jb i XAl G 4l
% HeS RARA TSR A 1 [l 6 R AESE. o AL 23 (D #) .35
(11):1037~1046.

KA TR E L Ty A B, SR A E . 2006¢. TSR(H: S)
AT RAR A T A B APEATF 58— He S 1Y TE i 7242 i 4 )2
WASLB A E . 2RI, 13(3) : 141~149.

Cai C, Worden R H, Bottrell S H, et al. 2003. Thermochemical
sulphate reduction and the generation of hydrogen sulphide and
thiols ( mercaptans) in Triassic carbonate reservoirs from the
Sichuan Basin, China. Chemical Geology, 202(1~2): 39~57.

Cai C, Xie Z., Worden R H, et al. 2004. Methane-dominated
thermochemical sulphate reduction in the Triassic Feixianguan
Formation East Sichuan Basin, China: towards prediction of
fatal H, S concentrations. Marine and Petroleum Geology, 21
(10): 1265~1279.

Dai J, Song Y. Dai C et al. 1996. Geochemistry and accumulation of
carbon dioxide gases in China. AAPG Bulletin, 80(10): 1615~
1626.

Dai J, Yang S, Chen H, et al. 2005a. Geochemistry and occurrence
of inorganic gas accumulations in Chinese sedimentary basins.
Organic Geochemistry, 36(12): 1664~1688.

Dai J, LiJ, Luo X, et al. 2005b. Stable carbon isotope compositions
and source rock geochemistry of the giant gas accumulations in
the Ordos Basin, China. Organic Geochemistry, 36(12): 1617
~1635.

Galimov E M. 1988. Sources and mechanisms of formation of
gaseous hydrocarbons in sedimentary rocks. Chemical Geology .
71(1~3): 77~95.

Giuliani G, France-Lanord C, Cheilletz A, et al. 2000. Sulfate
reduction by organic matter in Colombian Emerald Deposits:
Chemical and stable isotope (C, O, H) evidence. Economic
Geology, 95: 1129~1153.

Krouse H R, Viau C A, Eliuk L S, et al. 1988a. Chemical and
isotopic evidence of thermochemical sulphate reduction by light
hydrocarbon gases in deep carbonate reservoirs. Nature, 333
(6172): 415~419.

Krouse H R, Viau C A, Eliuk L S, et al. 1988b. Chemical and
isotopic evidence of thermochemical sulfate reduction by light
hydrocarbon gases in deep carbonate reservoirs. Nature, 333:

415~419.

Ma Y, Huo X, Guo T, et al. 2007. The Puguang gas field: New
giant discovery in the mature Sichuan Basin, southwest China.
AAPG Bulletin, 91(5): 627~643.

Machel H G. 2001. Bacterial and thermochemical sulfate reduction in
diagenetic settings-old and new insights. Sedimentary Geology,
140. 143~175.

Machel H G, Krouse H R. Sassen R. 1995. Products and
distinguishing criteria of bacterial and thermochemical sulfate
reduction. Applied Geochemistry, 10: 373~389.

Mougin P, Lamoureux-Var V, Bariteau A, et al. 2007.
Thermodynamic of thermochemical sulphate reduction. Journal
of Petroleum Science and Engineering, 58: 413~427.

Pan C, Yu L, Liu J, et al. 2006. Chemical and carbon isotopic
fractionations of gaseous hydrocarbons during abiogenic
oxidation. Earth and Planetary Science Letters, 246(1~2). 70
~89.

Poreda R J, Jenden P D, Kaplan I R, et al. 1986. Mantle helium in

Geochimica et

natural gas  wells.

Cosmochimica Acta, 50(12): 2847~2853.

Sacramento  basin

Stahl W J, Carey ] B D. 1975. Source-rock identification by isotope
analyses of natural gases from fields in the Val Verde and the
Delaware Basin, West Texas. Chemical Geology, 16: 257 ~
267.

Tissot BT, Welte D H. 1984. Petroleum formation and occurrences.
2nd Edition. Berlin: Springer. 1~699.

Worden R H, Smalley P C, Oxtoby N H. 1995. Gas souring by
thermochemical sulfate reduction at 140°C. AAPG Bulletin, 79
(6): 854~863.

Xu S, Nakai S, Wakita H, et al. 1995. Helium isotope compositions
in sedimentary basins in China. Applied Geochemistry, 10(6):
643~656.

Xu Y, Shen P. 1996. A study of natural gas origins in China. AAPG
Bulletin, 80(10): 1604~1614.

Xu Y, Liu W, Shen P, et al. 1998. Geochemistry of noble gases in
natural gases. Beijing: Science Press.

Zhang T, Ellis G S, Wang K S, et al. 2007. Effect of hydrocarbon
type on  thermochemical  sulfate  reduction. Organic
Geochemistry, 38(6): 897~910.

Zhang T, Zhang M, Bai B, et al. 2008a. Origin and accumulation of
carbon dioxide in the Huanghua depression, Bohai Bay Basin,
China. AAPG Bulletin, 92(3):341~358.

Zhang T, Ellis G S, Walters C C, et al. 2008b. Geochemical
signatures of thermochemical sulfate reduction in controlled

Organic Geochemistry (in

hydrous pyrolysis experiments.

press).



g3

1202 M £k 2009 4

Origin of Sour Gas in the Northeastern Sichuan Basin and Fate Action of
Thermochemical Sulfate Reduction (TSR) to Natural Gas
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1) Exploration & Production Research Institute , SINOPEC, Beijing, 100083;
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Abstract

Analysis of chemical and stable carbon isotopic compositions on 74 gas samples from the northeastern
Sichuan basin shows that natural gas is dominated by hydrocarbon gases, with absolutely high content of
methane and tiny amount of heavy hydrocarbons (i. e C,H;, C;Hg) . The gas dryness C,/C,: ranges from
0.989 to 1. 0. The concentrations of H, S and CO, vary greatly, and show a distinct positive correlation
when the concentrations are higher than 5. 0%. CO, in the northeastern Sichuan basin is derived from
thermal decompostion of carbonatic rock and thermochemical sulfate reduction to hydrocarbons. The CO,
deocmposed from carbonatic rock is characterized by a low CO,content (generally less than 5.0%) , BlgC(;()Z
< — 2%, and THE positive correlation between CO, content and §" Ceco, value. In contrast, the CO,
generating from TSR has a high CO, content (generally more than 5. 0%), much high *C carbon isotope
(8'3Cm2 > —2%) and a weakly negative correlation between CO,and §" Cco,. The TSR level can be well
described by ratios of CH,/CO, and (H,S+CO,)/(H,S+CO, +>C, ;). When the ratios of CH,/CO,
and (H,S+CO,)/(H, S+ CO, + > C,_3)1is less and more than 10 and 0. 1, respectively, the decrease of
CH, /CO, ratios and exponential increase of (H, S+ CO,)/(H, S+ CO, + > C, ;) is observed with the
increasing TSR. Meanwhile, the gas suffering TSR contains a high content of CO, and much less negative
of 8" Cco, values. The discrepancy of 8" Cc, values between natural and pyrolysis gases might be related to
the precipitation of partial CO, reaction with metal ions such as Mg®" ,Fe’" and Ca*" as carbonate and
mixing of CO, containing remnant heavy carbon isotope with CO, derived from erosion of sour gas on

carbonate reservoir.

Key words: northeastern Sichuan basin; sour gas; CO, origin; TSR; geochemistry



