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Characteristics comparison and origin of natural gas in Tahe oilfield

Gu Yi,Huang Jiwen

( Wuxi Research Institute of Petroleum Geology , Petroleum Exploration & Production Research Institute ,
SINOPEC ,Wuxi, Jiangsu 214151, China)

Abstract ; The geochemical features of natural gas in the Ordovician vary obviously from east to west in Tahe oilfield.
After years of exploration,a large amount of testing data for natural gas accumulated. In combination with analyses of the
geologic conditions and stages for natural gas accumulations in Tahe oilfield , studies of natural gas compositions and C/H
isotopic features,led to the following conclusions. In the western part of Tahe oilfield, the natural gas in the Ordovician
reservoirs was mainly dissolved or associated gas,featuring in lighter methane carbon isotopes, and mainly originated from
the initial cracking of crude oils. In the central part of Tahe oilfield, the natural gas in the Ordovician reservoirs was main-
ly associated gas and partially condensate gas,and was mature/high-mature gas which was charged at the same time as
crude oils. In the eastern part of Tahe oilfield , the natural gas in the Ordovician reservoirs feature in highly dry coefficient
and heavy methane C/H isotopes, with higher maturity than those samples from both the western and the central Tahe oil-
field. For some natural gas samples, 8" C, > 8" C, , indicating that the natural gas were charged and accumulated in sta-
ges. The first stage of natural gas charging and accumulation took place when hydrocarbon accumulated in the central part
of Tahe oilfield. In the second stage of natural gas charging,the cracking of over-mature hydrocarbon played an important
role. The nature gas mainly was sourced from the cracking of crude oil and kerogen,and charged during the late Himalay-
an period. The different origins of natural gas and the mixing of natural gas during different stages explained the obviously
different features of natural gas among different regions in the Tahe oilfield.
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5 6 1] JB A2, A5 BT PSR AR R L -5 1P 823

-100 -
-150 |-
TSI
£ -200 |-
S~
] TP7
250 |-
=300 |- AD4
1 1 1 J
02 0.4 0.6 038 1.0

1/n

O HERIZAR IR, WM R
@ WP AL, IR

O HEI v, B R
@ R HERAR

4 S5 TR B R AR 8D—1/n KA
Fig. 4 Correlation of 3D with 1/n for the natural

gas in the Ordovician in Tahe oilfield

RAR AR P b 5 R A9 ARk 56 2%, i 74 48 i Jo i X
AP 65 R W R RAFAY Lt SC &, 1M rh
D 2R B9 T402 F: K 4R 000 ¢ B HE R e 1 2 e 15k [ £
EIF A EIEE(3°C, >87C,) IR | TS —
b FERGE RIS BARURHAE , [l 3L 87 C, #1387 C,
(B PP 74 A R B DX R AR AR AL, 2 P G 400 o e
BRI AR AR TR A 5 TR0 3 T AP 2R Ml X R AR R
TR ROE BANE — P, JE I AR R AR 22 S ) 2
ZIHER (K 3b) .

2.2 SF{IRFHE
i P R B R RAR A R L3R 2 el s b

1000 7

%
g | 5P g SR
’ ~ 1

Lo
// X /I /I b
we & , K

— 7 7 ’
100 B ’ / p K

’ ’ ’ /
’ ’
’ ¢+ TKI17 ’

X,
3 R —— ’ e QTS s &g\s ,
F 1 P 1514 7 g //
$) ! 119/ %%' ’
N ! N ’
~ 1 o' , 7
© ! 903 4 ,
10 I C8 [e] //l
L ! ° }
.
1 d
I d
T8 K8y ° ,
| @586 1
1p7 1TKION® g 5940 !
e ! |
1 !
ADi 1 R !
l 1 Il 1 1
=60 =50 -40 =30 -20
813C, /%o

O HEARIZRHES, BH R
@ HEIVGTR, B R

O HETH s, B R

@ HiRL BRF

5 BRI R R TC/ (G +Cy) -87C, KA
Fig. 5 Correlation of C,/(C, +C,) with " C, for the

natural gas in the Ordovician in Tahe oilfield

17 TR R AR R0 AR 2 2 4 5 20 1 i 80 2
FRBANEC R (] 4) , BARS KA TR %
[l 2R oA (B 3) BAT R AF AR, BRAS R4S i T
Sh, RRGER B RIEP /Ao PEES AD4 KR HA
R 8D ¢y fEL( = 300. 2% ), [ -t 3 B 1 BT 310 1
X RIR TN B 255 0 — oA A LR A
ek A TR 7 2R A T B2 U DU R B8 ML
(SR> I B AT BIL A AL TR BE A 38 T8 D gy (78
i, MAK KR E A B2 FER AR —A
MO AR, RO R T 5 W R AR R o 3 A
PUER, DRIHC BT il P A 90 -5 P o8 SR AR RS IR B 2 2252
T HAE AR

3 RARTMIH Y

FA ATy H BB 2R K AR AR AR R B ik R 2
IEFRREE (B 3, 16 4) , S A A HLRCI <o 7
Bernard 21" §°C, - C,/(C, + Cy) AR E (K S)
J Whiticar 2" 8C, - 8D S A E Wk I F2 90 H A ML
PR SR REAE (B 6) , I Bl 75 T A0 AR B2 i 35
RKIR87C,,C/(Cy +Cy) FIOD B AR T R4, A
PRI m] L sz e H YT 3 P R AR A0 R S R T R A
IR = W RRAE . FREAS B E AD4, TPT I
T740 3 8"C, fH/NF - 50%o , U AR 11 FF o sk [ o7 22
{8, R RAE A9 56 T B RN B AR A K AR R85 C,
B8, — AL FAEY A BN B Z R T
FHOK, BAR AD4 HRARAAESC, - 8D XK (H6)

=120

=80

313C, /%o

0 1 I 1 I I 1 1
-450  -400 -350 =300 -250 -200 -150 -100 =50

3D/ %0

O BN, W R O i, W &R
@ HEATG R, B R @ iR, BRA

6 BEIIIH BPE R KARA 81 C, - 3D KR
Fig. 6 Correlation of 3" C, with 8D for the natural

gas in the Ordovician in Tahe oilfield



824 AiME XK R MR

5535 &

i FAE PR S — M (EAE S X seARE 8P C, fE
IR C/(Cy + COEBI/NT 5, 255 R 51 0] Wy
EAEYIREA

MSCHRARAE o, e 8 45 U i e 8
R AYRRE ( = 54%o0) , IT Iy B R 2 355 v 7 3 3
B TP R RV A AR B KRR, R R R AR
FO U R R A 22 SR P L SR 8 C,
EUEA A (R,) ME R, JGie /& Faber T ZUFN 1T A
TEEAREIE R (87 C, =~15. 4 1gR, -41.3) [ ILF1Y
WAL TR (87 C, =21, 72 1gR, —43.3) i &,
4 BRI )7 FE (87 C, = 15. 8 1gR, —42.2),
VR A R, #ARAL, 43514 0. 15%,0. 32 % FiI
0. 18 %, B 3 IR TR A A= i i T BB AN K.

JEUIH A ORI R AR AR . B
St B AIBAUL S2 5 HE AR ASWT  JR , OR [ 2 AL 2
FR A RRIE B 22 SR SY, e BH R A S T AR
SRR 22 53 BRI KIR R 0 MRIR R (Bikz
M) BRI R E T R AR B KRR
oy LR RI R C/C, [AMXH R FFRE , 1 C,/C,
HALETIG M Z T, TSR AR A C,/Cy fHIE
AR (FEZW/N) L C/Cy (HE R, O
RERLSEB6 AT 5T 2R B, JCIe 2 I i & T AR, 2
fifp A S R, BE A SRS N, €,/ Gy, C /G,
C,/Cy EF 238, Co/ Cy {EAHRT 32 KRR 5
BN, TR LR EBERHE , 1T C,/C, A1 C,/Cy (R BH
g S LTI AIE

PV | 2o M 452 1 0 S P et D) 4 8 v PR 22 1
FTES A E M (e 14 =& & 5 8V C [
Jo-32. 10%. % 1 B R, Kb 8" C A
k=33, 20%0) AT T 24 A SIS 56, 76 240 R
h 400 ~450 °C A 24 A 3u], JE AT DL g AR i 87 C,

5

G,/ G,

AD4
@

Ci/(Ci9)/%

1 1 J
40 60 80 100

BT - 50%0 1) KAKS, M4 R, A 1. 1% M B# /K
T B S5 TUA AR 350 ~ 400 °C 24399 4 B 11
KISV Cy (AR A —45% > 5 7E R, 79 0.9% ~
1.3 % A7 1B P B o ke [0 407 35 A e IR AL, £ e ik [ 7
F AR B, e AR - 45%0 ™ o Wi B S2 3
HE I 78 JEL I 24 ) 3 AT LA IR 8 CL /N T - 50%0
BRI RIR S B PEHE AD4 HRIRK
Nt TR Jot TR R 3% B R B Bk TRD 47 3R AR, 87 C, A
8" CL /T A — 42. 5% Fil — 36. %o, 45 1] fiE Ay J5Lith
SR B RIS

AR S B 45 R RIS KRR AL C/
C, 5 CiCy (HE A WA A IE & R, R A sk 24
YRl C/Cy 2R 2, C/iC, 290 10, L, 4
C,/Cyf <2,C,/iCy {8 < 10 B, f F B i i K & 2
F R SERAE T, X S8 R AR SR IE H B AR AR A
2 C,/C;4 H >2,C,/iC, e > 10 B}, 3% 28 K% < n] il
T T B 2 e R T BN, A RT3 T AR Y A R A
YER A R

I HH R P 22 R AR C,/Cy = €/ (Cy )
C,/Cy — Cy/iC, W (B 7) A IL, 7E C,/C, (H/NT 2,
C,/iC,fE/INT 10 B, BIVES 0T VG 358 K vl ifs i X A3 40 B2
B R RARSH T i AR A K i AR AE T, RER LA
B 5 e < i i A AR IR S B, DT AR 2
AR T R R 0T B PR A B8 T PR AD4 3
FARS MR BI, r F3% X< AN B 4K e 40—t
LR N 1 IR 32 Bk gk AN A R
(R 5 ], 30 B 1 R SR R E B IR AR R o Vg e A
PIRIE I AR i — o A FE R R R IR 5 AR L R 4R
ATCE I BT B R T R PR R, LR B TR
BT A AT B0 5 AL T M X B R 1) 4 %
A HTRTE 6 500 m A2 47, M2 R IR 145 C

TK445
(@] @T740
9

S/ sa7
S60
TRG@ S
o/ 0!
8894
2 T903

[ TK3220
@ :.rr,. 0
O

Il Il 1 1 ]
0 10 20 30 40 50
GC,/iC,

O HARE, BiEZR O Hinh#, B R
@ P, KR @ BRI ERR

W7 SET B R R AR TG,/ Cy 5 G/ (€ s) A CL/iC, KR
Fig. 7  Correlation diagram of C,/C; —C,/(C, _5) and C,/iC, in Ordovician natural gas from Tahe oilfield



46 4] Jot

12, , 55 ST B R AR SRR XS 5 B 434 825

LR ) 0 R A
SR R i TH AR A ) AR A

FE AR 0 b DX B P R K AR SRR DL C,/Cy
C,/iCy {H 51 T R B RRE , AR A & T3
TR P X BE TR 1 H B I R 2R M XS oy
PR 2R KSR B e R 2 Jed ik [R) A7 2R A0 3 4018 B
(8°C, >8"C,) , RMAA F m lPUE KRR SR A
S TIRT NS eSS VENE S R 3 o o VA ab (e R N N
Fil, H AT B3k B0 B B, BRI R JE IR R -
TR P 22 A 2 1 SHL AT OR B R B P BRI T M X R R, S
i R= i a1 R VI il S At i 3 SR S Rl
Pl 7 2 B EE AT 3k FH AR 50 s DX B Bl 2R R AR A1 e T
FR O i B A S 0 R A R IR IR A
T, TE C,/Cy = Cy/iCy SRR B LRI AR & 1Y
C,/Cy fHL, DX 1 35 J0] 3ify FH v 8 b X BRL Bl 28 R AR A<
£ Prinzhofer' 7' [ b (18 8) , 7R ¥k WL M) 22 R IR R 3
B ER 3 s 2 AR S RRAE  {H In(C,/Cy ) = )
B T D 2 i A R RR AR B OR 5 4 2 A
fi g e 2 S, N T AR A RS e R R
FOTRE S, R R T L e B gl R Fe e o

ACEE AT i FH A 35 = A X9 AR 32 2 A e 30 A
VU B3 3 M0 B R R AR AR B L T R AR
RSN BRI 8) , RIRR A LRI M4
BN A EE BT S RRAE, B R Rl R R R
B8 — R G 7R o BT R R b DXt A AR R T 22
SRR AR X O 2 1 DT R A R AR
T TK322 -, 5 vk S8 7 1a] R AR 1) P —
;s

EQUIR TN PN

301
251 =

20~

[
T

OlK)l7

s S14, O,
8 . S( “O TS1 C\))(
5
E TK322
0.5 TP7  S86
. ©
39.4(:1—1!0 ot
K10
-0.5
-1.0 L
0 1 2 3 4

In(C,/C,)
O A, WA © MW, WER
@ B, W R @ HBIRL ERFR
8 BT H B 3 KR In(C,/Cy) 5 In( G/ Cy) KA
Fig. 8 Correlation of In(C,/C;) with In(C,/C;) for the

natural gas in the Ordovician in Tahe oilfield

FE T3 P o —— A TR R TR | RS
8 C, {HH - 37. 2%, A% T-HE 0] 4% 3 W Pl 2R K 9K/
8" C, A —36. T%o., fii T T-H5 1] 4% ¥ L Wiy 2% KRS e
R IR SR AN 47 S (18] 3) , A S 35T
Wi 22 45 0 R S ELAT AR BB BB | SR 2 40 A A 5 1]
i, KIKR, Cs—C, BRI W, R 1 TR
PSE — b FE R S8 KRG B T B Bl 2R K AR S0 A A
0L, ELA AR ) B B R U BRI AR BT i
PR E )R TR AR, T RS - RS ik
JRIMAZS AT R R A AT R . IR 1 OF
TS - FFERGE RIS C,/C, - C,/iC, KFRA
B (TR Th ) JE 5 2R 38 B B 2R AR, e LI RS T
AT AR 2 R o, TS S S

4 énlb

1) BETT 3 FH B8 Bl 28 R AR B R BN A HL A
B, P 1) AR R AR X ﬁi*ﬂfi,ﬁ\ﬁﬁﬂ%ii‘jﬁéﬁiﬁ
PR PUIRZE S B . VAR M DX R AR AR e
ik@é‘%ﬁ%ﬁ,FJHT%%IAEH%E!HXE\ZXE@%\THU
AL 5 ZR T M DX U] A g HY e AR A 5 RO AL,
e LKtk R AL, I B GG | ek [ 7 2K
O3BV o rhER L DX R IR A O3 BBk SR AL R R A
TR PRI

2) BTy E PG ST M DX BBl AR R AR A
AR T, AR e e FE e 35 R AR Y e
BRIFIE 28 (87 Cy < = 50%0) A RHAIE , WIS L i AT 401 52
56 I L Airfe = B IR be 3t JZ=R 8E , 2388 0 2 ORI T
JHA 400 A 4 B R AR

3) BEAIZR M DX B B AR R AR R LA AR X
PSR o T N R U I VAR S S (T i
RIRH B Be | Lot [ O 2 (3155 , RIHRIRTAM
DT GBARE o £33 FIWT, AR e B
RET 5 LU YT LA 14 1 i MR SR 5 i 224 O TR
o BB 1IFT RS - FIERGERARTGHEIARN
LB 2R KRR T ERAL 2 R AR AR D), R R IR R 7=, 9
TRGETE BRI

4) BETTrh A DX B AR R AR SRR E R LA
RSN 3, BN BENT A, 2 S I RV R Y T AR

2R,
& ¥ X

(1] BER RG2S BHEARGHBIM I LR H L HEXT]. A
T SZ BT, 2004 ,26 (02) ;180 - 186.
Li Yuzhan,Xu Chuanhui. Significance and discovery history of Tahe
Oilfield of the Tarim Basin[ J]. Petroleum Geology & Experiment,



826 £ 5 KRR R $35 %
2004,26(02) ;180 —186. Wang Xiang, Zhang Min, Liu Yuhua. Origins of natural gas in
[2]  ZEmedfs. B B Er 4T i SR s e [ J ] Al 5 RAR A H T, Tazhong area,the Tarim Basin and their differences[ J]. Oil & Gas
2006,27(06) ;751 -761. Geology,2010,31(03) :335 —342.
Zhai Xiaoxian. Exploration practices in frontiers of Tahe Oilfield[ J]. [13]  FHWE, B eI, Z=WE e, 45, W AH T B AR 5 Tt b 2 i < Je A
0il & Gas Geology,2006,27(06) ;751 —761. Kot 6] fr 28 23408 00 22 S OF 5T [T M Bk Ak %%, 2007,36 (01) .
(3] IR, x5 ¥ HURGHbIERI AL 5T RRfiF B S8 8 % [l 71 -77.
JRLT]. A5 RS 5T, 2008 ,29(05) 565 - 573. Tian Hui, Xiao Xianming, Li Xianqing,et al. Comparison of gas gen-
Zhai Xiaoxian, Yun Lu. Geology of giant Tahe oilfield and a review of eration and carbon isotope fractionation of methane from marine kero-
exploration thinking in the Tarim Basin[ J]. Oil & Gas Geology. gen and crude oil-cracking gases[ J]. Geochimica,2007,36 (01):
2008 ,29(05) :565 — 573. 71 -77.
(4] BB 3 BUR G R A il <O B S2 ik 5 I0R T ). A [14] Ez=M, BB, TIz, 55 AR [ BE Bk I AR S % 51
TG b 5 ,2011,33(04) 1323 -331. [J]. EBA(D 4 Bk Rl ) ,2007,37(S2) 1125 - 140.
Zhai Xiaoxian. Exploration practice and experience of Tahe Giant oil- Wang Yunpeng, Zhao Changyi, Wang Zhaoyun, et al. Identifica-
and-gas field, Tarim Basin [ J]. Petroleum Geology & Experiment, tion of marine natural gases with different origin sources [ J]. Sci-
2011,33(04) :323 - 331. ence in China ( Series D: Earth Sciences), 2007 ,37 ( S2) .
[5] IZ'?,WTZ B, S BRI R B AR AR T BRI A AR 125 - 140.
Kz B e A AT 5 [J]. 3t Bk 4k 22, 2007, 36 (06) [15]  BRAPAL. b s i TS Bk [ ] I ZRR SR 22 4l ( B AR
633 -637. 4) ,2012,31(03) ;22 -31.
Wang Jie,Gu Yi,Rao Dan,et al. Geochemistry, genetic type and mi- Chen Zhonghong. Research progress of oil cracking into Gas[]J].
gration and filling of Ordovician natural gas in Tahe Oilfield [ J]. Journal of Shandong University of Science and Technology,2012,31
Geochimica,2007,36 (06) :633 - 637. (03):22 -31.
[6] 5%'5%5'6 JBUZ, e — M, 4. 3 RGBSR 1 28 IR I < Bk [16]  BOLME, s, W2, A5, U 24 SR T B AR 24 U s kb
CZRAE [T ] Al S8 57,2007 ,29 (04 ) :329 - 333, SEFE L) — 50 2L <A B AR 2 U X o 5 ik [T ] vk
Zhai Xiaoxian, Gu Yi, Qian Yixiong, et al. Geochemical character- [ER2F (D 5 i ERF) ,2008(S2) ;9 - 16.
istics of the Cambrian oil and gas in Well Tashen 1, the Tarim Ba- Huang Guanghui, Zhang Min, Hu Guoyi. Geochemical research of
sin[ J]. Petroleum Geology & Experiment, 2007, 29 (04 ) kerogen-cracked gases and oil-cracked gases (1) ; The distinction
329 -333. method of kerogen-cracked gases and oil-cracked gases[ J]. Science
(7] u@ﬁ G, B, S B R A R AR R R Ak e in China (Series D) ,2008(S2) :9 —16.
iES5 R SR AFgE [ T]. RARA M ER Bl 4 ,2008,19(02) . [17] Alain A,Prinzhofer, Alain Y Huc. Genetic and post-genetic molecular
234 -237. and isotopic fractionations in natural gases[ J]. Chemical Geology,
Liu Quanyou, Jin Zhijun, Zhang Dianwei, et al. Geochemical charac- 1995,126(3 -4) ;281 —290.
teristics and genesis of natural gas in Tarim Basin[ J]. Natural Gas [18] Ronald J,Hill, Yongchun Tang,et al. Insights into oil cracking based
Geoscience 2008 ,19(02) ;234 —237. on laboratory experiments [ J]. Organic Geochemistry, 2003, 34
[8] Chung H M, Gormly J,Squires R R M. Origin of gaseous hydrocar- (12) :1651 - 1672.
bons in subsurface environments: theoretical considerations of car- [19] T B, 251, A8, BEmh B 3T Hb X B8 20 SO AR IE 5
bon isotope distribution [ J]. Chemical Geology, 1988 (71 ) : FREAT [T ] A b % ,2013,34(03) 1262 —264.
97 - 103. Ding Yong, Peng Shoutao, Xia Dongling. The reservoir characteristics
[9]  Fmwekk, XIS, Bk B 5 AR R KSR A R A7 28 20 s and hydrocarbon accumulation stages of Ordovician in aiding area of
FERFGE IR [T ] KARA MR B2 ,2006,17 (02) :163 - 169. Tahe oilfield, Tarim Basin[ J]. Xinjiang Petroleum Geology,2013,34
Wang Xiaofeng, Liu Wenhui, Xu Yongchang, et al. The hydrogen iso- (03) :262 -264.
topic composition of natural gases generated from different pathway [20]  JoAZ. B8 B A £ s b3 £ VAT i PR S = e AL [ T ] . A il 2 5
[J]. Natural Gas Geoscience,2006,17(02) :163 —169. i ,2000,22(04) 307 -312.

[10] Bernard B B, Brook J M. Light hydrocarbons in recent Texas conti- Gu Yi. Forming mechanism of hydrocarbon pools in Tahe oilfield of
nental shelf and slope sediments [ J]. Journal of Geophysical Re- the Northern Tarim Basin [ J]. Petroleum Geology & Experiment,
search,1978 ;83 ( C8) :4053 —4061. 2000,22(04) :307 -312.

[11] Whiticar M J. Carbon and hydrogen isotope systematics of bacterial [21] ki R, (1485, 45, S8 RGBSR 1 HREMAHEES
formation and oxidation of methane[ J]. Chemical Geology,1999,161 T[T ]. RIRS HERR}2#,2013 ,24(05) :999 - 1004.

(1):291 -314. Zhang Haikun,Zhou Shixin, Fu Deliang, et al. Petroleum phase state

[12]  FEAE, sRE X R A2, 55 HUR A0 3 v Hb R SR SR B 22 57 prediction in deep reservoir of Tashen-1 Well in Tarim Basin[]].

[J]. A5 KRR M ,2010,31(03) 2335 —342.

-1004.
(¥ £ )

Natural Gas Geoscience,2013,24(05) :999



