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B A R IEN )RR L ER BT AL S
AS/INELI AR CRED 42 38 =i Rl <2 i 1. 29 42
Mg G v R B i i R 0. 51 2 i, R B AR AT
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Tm/Ts {Hi# /N (Peters et al. ,2005), F5 X N %
ERFm P Tm/Ts {H % /NF 1 (0. 15~1.0) L[
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LR Tm/Ts {HF X924 0. 72, 10y 3 & Il
i Tm/Ts {E 54 0. 58, 1 B fr i 28 J5 vl ol 20 )&
T HEREMGE D,

Coo EHEAI B — O B & A R LI DTRTESS A
T3 A ER B B LA ) b 0% T S A LT L 3 e Ak
AR R 0 R AR R A BT HERE e T B
(Xiao Zhongyao et al. ,2004), X Nk & JElH
A FEWN Cy\EARE L. G DH/Cy H 7E 0. 09~
3.19 Z [8), S 0. 54,10 H ¥ R JF i C,, DH/Cy H
W) F= 23 A AE 0. 02~0. 31, P-4 K 0. 18, = & &
Co 5 HEE v 1 77 75 22 W D0 B B 3T A Bl 5 s A5 55
AR TORR IR SR A G o A 5 055 458 1 AH X 25 &5
5 R E B TURUK AR U % Y)AH 56 (Zhu Yangming
et al. ,2005) , & FRAF K A B FI/K M4 53 2 R B 1) B
RN BRI S b Y 00 D B A E R
Pt B R T AR AL IR K- TUBUK B 8. A
A FHEE SE 8 % Cyy 22S/(S+R)Y 7 0. 38~0.63 2
[E] s -5 0. 56, AL FF 5 (0. 5~0. 6) 35 Fl . 3 1y 1,
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R) F1 Coo BB/ (BB cwc) ¥ Fifi 5 F8 328 JBE 1) 165 i i 48 K
ST E 43 )R 0. 52~0. 55 F1 0. 67~0. 71 (Peters et
al. .2005) . XN JEIHH Copaaa20S/ (20S+20R) 7E
0.3~0.6 ZI[a], -1 0.45, K & 9% B X ] 5 Cop
aBB/ (afBt aca) 7 0. 41~0.79 Z 8], F4 0.53 A
A WA TE B DX S, HL 3 A B AR BT XA AN
[] J2 2% D 3ty B A BE A O L Y J& T s sl (1 3, 3k
D) AE M 3 22 A0 S 2R D 55 e S 4 A 2 Bd A

KA B B T AR A R T R
Ji 3 A 4 A L 3D
2.2.4 FERF

FERIE PR B & 5 &R G Y
oy FE TR AR A 0 U . S
XAKEF&NIERINEEY . R EEIER RS
LR LT A i AR, (V0) = 0. 6MPI+
0.4 (R,<(1.35%) (Radke et al. ,1981), i1 & 5 %1
X 5 R, 7E 0. 5% ~1. 1% Z i) (£ 1, J& T
W B, b 2 R TR0 R, F 0,600, 7K R
JEh R, SF-3 0.8 %0, F1 ¥ 28 J5 i 0 BE IR o
R
2.2.5 RBBREMER

VL B R 2 AR e U8 R ik () 7 3R i i S
WHEF“A” 07 C 7 —23. 8%~ —25. 2%, Z ], =& &
KU A i e TR AL R B B E AT 60 C 1
—25.0%y ~ 27.1%, zZ [8] (Liang Digang et al.,
2002) . ) bty T AR 5k R 2 55 S R
F 5 B w3 Y 07 C 43 A AE — 31. 820 ~
—29. 3% ], S 24 — 30. 4 %0, Sy S L) A 5 4
fiE o S WL BE DL A 7K A2 AR o s b I R R
8" C A #E — 29. 7%~ — 26. 4 %0, F 3 — 27. 7%,
HE&RRBEAAGWEA” 67 C R T AN
i 2 5 S AR ) A RRALE
2.2.6 Rk B E

LA I KA 2 R IR B4 ik [ 7 3R 2H
FE 2R Dy B R R B DL R MK AR AR R
F RIS AT AR BERRRAE , S B BT 55
i D - 535 SR AL Y OB BR A , 45 5 DX PN DX e Y R A
N3 A (Liang Digang et al. , 2002; Zhao Mengjun
et al. ,2005,2015;Zhao Wenzhi et al. ,2005),7A\ N
HORIE 2 =8 2 I H (T W ARRE RS .
HIEREM P E S EE N EHER. EES G E
FIE I A P AU R R G ts v S s ALY A AT
i B HEZE 8 & 51 (Xiao Zhongyao et al. ,2004),
e I I RS BR TR B WA K AR A
S RWEINHATH A CT, ) BIE S SN, 1B AF LUK &
Y A AR G e B s (L) RIR A
1) DT HR o
2.3 RASHIKWFHFE

R 405 P 2 i A AR A L R e L B AR ek
JIVELHESE 5 MR H A ER—HIER KRR
G5 RARARAR AR 2R SR 2, BoA b 48 Y b
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Fig. 2 m/2191 and m/2217 mass chromatogram of oil in south slope of Kuqa foreland basin
(F2). 820 P 5% CO, FREdRE 1. 9200, B fik 006, —
2.3.1 RAKSENISE B/NT 0.5% . F1 0.3% ., HERSHIERRARS
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Table 2 Natural gas chemical composition (%) of Cretaceous-Paleogene in south slope of Kuqa foreland basin
H5 JZ2E N, CO, CH, | CoHs | C3Hg | nCiHyo | iCiHio | nCsHyz | iGsHie | CoHu [ iCy/nCio | Ci/(Ci-Cs)

YM6 E 12.21 | 1.26 | 70.02 | 10.49 | 3.57 0.91 0.79 0.23 0.28 0.16 0. 87 0. 81
YM6 E 7.67 0.32 | 74.30 | 10.20 | 3.94 1.24 0. 99 0.38 0.48 0. 35 0. 80 0. 81
YT5 E 3.09 0.24 | 78.33 | 11.42 | 3.68 1.08 0. 82 0. 34 0.41 0.3 0.76 0. 82
QL1 E 2.48 0.19 | 80.30 | 10.47 | 3.49 1. 00 0. 74 0. 34 0.41 0. 36 0.74 0. 83
HQ2 E 4. 60 0.41 | 80.15 | 9.66 2.69 0. 80 0. 60 0. 25 0.29 0.27 0. 75 0. 85
YD6 E 3.43 0.29 | 84.81 | 7.55 2.12 0.52 0. 45 0.13 0.19 0.14 0. 85 0. 89
YT1 E 2.44 0.37 | 86.49 | 5.91 1.77 0. 96 0. 64 0.42 0.59 0.2 0.67 0. 89
YM7 E 2.97 0.32 | 86.63 | 8.01 1. 38 0. 28 0. 28 0. 06 0.07 - 1. 00 0. 90
YM702 E 2.78 0.22 | 88.58 | 6.19 1. 18 0. 34 0. 27 0.11 0. 14 0.15 0.79 0.91
YM7 E 2.54 0.16 | 89.06 | 6.08 1. 17 0.33 0. 26 0. 09 0.12 0. 10 0.79 0.92
YD5 E 2.61 0.13 | 88.95| 5.90 1. 20 0. 29 0. 26 0.08 0.13 0.13 0.91 0.92
YM17 E 2.62 0.13 | 89.30 | 5.88 1.13 0. 34 0. 26 0.09 0.11 0.12 0.77 0.92
YM23 E 3.08 0.43 | 88.52 | 5.78 1. 05 0.32 0. 24 0.11 0.13 0.13 0.74 0.92
YM16 E 2.93 0.31 | 88.88 | 5.81 1. 07 0. 29 0. 24 0.08 0.11 0.09 0. 80 0.92
YM21 E 2.84 0.29 | 89.36 | 5.76 0.91 0. 26 0.21 0.10 0.11 0.11 0.79 0.92
YD1 E 1.50 0.27 |90.67 | 5.86 0. 95 0.23 0.21 0. 06 0. 09 0.08 0.91 0.92
YD4 E 2.01 0.08 | 90.29 | 5.69 1. 05 0.23 0.22 0.07 0.11 0. 09 0. 94 0.92
YM9 E 5. 04 0.34 | 87.69 | 5.585 | 1.03 0.1625 0. 2075 0.0525 0. 0625 — 1. 28 0.93
YT1 E 1. 55 0.09 | 91.04 | 5.54 | 1.135 0. 245 0.23 0. 06 0. 06 0 0. 94 0.93
YT1 E 1.79 0.05 | 91.35| 5.14 1.1 0.2 0. 24 0. 04 0.08 0 1. 20 0.93
YM9 E 9.72 0.16 | 84.17 | 3.905 | 0. 895 0. 275 0. 305 0.235 0. 335 - 1. 11 0.93
YT10 E 2.53 1.92 | 90.00 | 4.40 0. 55 0. 15 0.13 0. 05 0. 06 0. 09 0. 86 0.94
YD2 E+ Kibs | 3.33 0.27 | 85.61 | 7.54 1. 95 0.43 0. 35 0.15 0.19 0.13 0. 80 0. 89
YT3 E+ Kibs | 0.89 0.15 | 89.98 | 7.06 1. 11 0. 25 0.22 0. 06 0. 09 0.08 0. 87 0.91
YTI101 E+ Kibs | 1.33 0.06 | 90.11 | 6.50 1. 17 0. 26 0. 25 0.07 0.11 0. 09 0.95 0.92
YT2 E+ Kibs | 1.02 0.13 | 90.38 | 5.40 2. 36 0.21 0. 20 0. 05 0. 08 0. 07 0. 97 0.92
YM16 E+ Kibs | 6.57 0.40 | 90.23 | 2.57 0.17 0.03 0.02 0. 00 0. 00 0. 00 0. 67 0.97
HQI K 4.62 0.20 | 62.10 | 11.40 | 9.90 4. 35 3.81 1.12 1.55 0.71 0. 88 0. 66
YD7 Kib 8.07 0.43 | 43.94 | 25.08 | 15.92 2.73 2. 39 0. 36 0.47 0.16 0. 88 0.48
YD710 Kib 5. 04 0.00 | 39.53 | 21.86 | 21.55 5.12 4.12 0.79 1.03 0. 35 0. 80 0.42
YD702 Kib 7.90 0.00 | 47.04 | 17.01 | 16. 30 4. 49 3.33 0.93 1. 10 0. 49 0.74 0.52
YM465 Kib 7.23 0.00 | 52.16 | 12.24 | 15.93 5. 17 3.18 1. 33 1. 32 0. 89 0.62 0.57
YM467H Kib 7.13 0.02 | 65.42 | 17.87 | 5.29 1. 59 1. 05 0. 37 0. 44 0.23 0. 66 0.71
YM461 Kib 5.03 0.25 | 72.62 | 12.70 | 4.46 2.02 1. 30 0.51 0.56 0. 39 0. 64 0.77
YM9 Kib 19.72 | 0.76 | 67.27 | 6.15 3.52 1. 16 0. 74 0. 31 0. 36 0. 00 0. 64 0. 85
YM46 Kib 5.92 0.39 | 81.23 | 7.85 2.36 0. 82 0. 46 0. 24 0. 25 0. 20 0. 57 0. 87
YM468 Kib 14.98 | 0.27 | 72.94 | 6.49 1. 50 0.55 0. 36 0.16 0.19 0.16 0. 66 0. 89
YM468CH Kib 7.73 0.00 | 81.58 | 7.05 1. 60 .57 0. 38 0.17 0.19 0. 20 0. 66 0. 89
YM105 Kis 6.25 0.34 | 71.79 | 11.09 | 4.89 1.78 0.78 0.77 0. 56 0. 84 0. 44 0.78

SRR HES Oy SR AL AHAS R AR T AR A AN i 2R U4 E R (Prinzhofer

R = %7 4, Bl 0 C, <8V Cy <8 C, » N JE 31 et al. ,1995; Berner, et al. ,1996; Lorant et al. ,

TR R YT 0 HEER KR EVITMEA  1998) A AR B R AR TN T

WMAIR IR A, AN, P8 Dai Jinxing et al. (1989)
P2 MR AR AR AR el IH 7 B 0 G
14.125 1gR, — 34.392, R, {4+ i} 0.62 %
1. 68 %0 o 2 B R AR A A E J 2 B B o A1 A, 1 o 22
B B 9 o W AR T AL 3 5 B 5 4 36 A Y 2o B By
BER,MECKT 3.0%) (% 3),
2.3.3 RARSHMBERKIE

MR T N ST 1 SBE TR BE AL 20 5 ik R o7 28 %

~

i R 2R i A, R R R IR 4D 0 b P g R
B A KSR SAE Bernard & | 22 31 hy #7844 i RS
4L (Bernard et al. ,1978) , 43 A {E TR & 18 1 )& 78
T AR R0 R A=z ) 2 B Dl S A T s AR
PO SR R B 5D

X i iE & KRR iC/nCy HA3 T 0. 67 ~
1. 28 Z[E] P45 0. 875 ¥ R KRR iCi/ nCy {H Y
Aii F 0. 44~0. 88 Z[H], ¥ 0. 68, h T JE5H B A
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BT A R B Cy /nCy (B2 T Y 2L A AL
A= B W B R (Wang Zhaoyun et al. , 1995), jii A
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Table 3 Natural gas isotopic composition of Cretaceous-Paleogene in south slope of Kuqa foreland basin
5 Iz OB CyL () S Cy (%) S Cy (U0) S C (%) 81 Coy (%) R, (%)
HQ1 E —32.4 —22.3 —21.4 — — 1. 38
QL1 E —31.2 —23.9 —22.8 — — 1. 68
YM23 E —37.01 —21.6 —20.6 — — 0. 65
YM7 E —32.4 —22.7 —19.8 - - 1. 38
YM7 E —33.53 —22.1 —23.93 — — 1.15
YM702 E —34.1 —23.2 —22.3 — — 1. 05
YM9 E —34.1 —25 —26.4 — - 1. 05
YM9 E —33.02 —21.3 —19.7 — — 1. 25
YT5 E —34.7 —24.9 —23.5 — —19.8 1. 05
YT101 E+K —36.2 —23.2 —25.4 — — 0.74
YM9 K —34.1 —25 —26.4 — - 1. 05
YT2 K —37.3 —23 —26 — — 0.62
YT5 E —34.7 —24.9 —23.5 0. 95
YTS E —32.9 —22.9 —21.2 —26.8 —14.9 1.28
YM19 E —33.55 —21.7 —21.3 - - 1. 15
YM211 E —36. 84 —21.3 —20.5 — — 0. 67
YM7-1 E —34.2 —23.6 —22.5 —24.6 —15.5 1.03
KL201 K —27.07 —18. 48 —19.08 —20. 31 —19.78 3.30
KL201 K —27.32 —19 —19.54 —20.9 —18.58 3.17
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(England et al. , 1987,1989), i iZ & IR H E &R
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BT & % 1Y 1% B 4 4> ¥ 4r (Zhang Min et al. ,
1997) I TE AR 2 Y b BR 1k 27 S B0 A S0 3 = 3k
£ TN 7 E B 0 AR TR S5 Y
T FEE iR AR R B

3.2.1 E®RSH Tm/(Ts+Tm)

— NNy Bl A A BIL T AR Al R BB s 7%
BRI ARER Co =R Tm & FE W
Cor ZFAESE Ts HEATHAL 15 Tm/(Ts+Tm) B
ia B I B B 0 7 v /)N (Peters et al. , 2005) , X A i
WMIs R R B S i T AR L IO S 5O R AR Ty
1] AT A PR I A FETE TS ) . P G AR T o I AR
J5th Tm/ (Ts+Tm) 73 A ok A (& 10, 45 (4 %)
LD W BAATE 2 N F BB AR M A FHE
5 Tvi] 2 H 8y 1) AR 4 AU 1) R O TR 0 4 1 e Al i
AT AL 3 R A B P I AR IR Kz . Tm/ (Ts
+TmOfE 0.39 Z AL FEARE] 0.32; 55 A E 2Ty
[ i & 3K 3 4 3t 4 R B A 3 e B AR ) g Y )
KB 78, 2L AR 7 LT 2 B 2008 1 ) Tm/
(Ts+Tm)RHH 0. 63 FEARE] 0. 58, 33K Jy 44 1 7
AR b AR ) R PG H R SR AR AR A U A 3T
JeHR I B F A I B, AN g 3K 16 B 3K 9 L Tm/
(Ts+Tm){HEM 0.39 BT 0.37, H#.F
B R RS E A Tm/ (Ts+ Tm) {4 B R B A% T
S A AT L A WA LR R R S OB Y
JE M R] BE 2252 1 bE S 3K 4 J A B A R ) J2 A
J& T AN [w] itk vt A1
3.2.2 EHERSH C,DH/CuH

AR SE AL G WA B Tz o A TR
5 A R A AR AR YR AR A S W i A
oy REECHFHEHE RS BT E IR
M B PR 2 8 (Kolaczkowska et al., 1990; Xiao
Zhongyao et al. , 2004; Zhang Shuichang et al. ,
2007 ;Zhang Wenzheng et al. ,2009), ##E C,,DH
FE 5 5 I v 0 22 S T AR DU AT R S il e TR s
A K (Peters et al. ,2005), N4 THLEE 4 HriN A
Cso DH 28088 2 P 3 1 B (Huang et al. ,1994) , &
HEFE b6 28 2 $03Z SR EE 52 e T LLAE S A 20000 Il s
FEHR(Li et al. ,2009). Cy,DH/Cy H 2415 MDR
ZR(A-/1- W R ORI ey LUAED 5 58 /o i o
CORIFBEW SRR RUAF Y IE A Gk (L Wei et
al. »2017) B2 F% BT 2 38 0 10 R AR L O e A R 7R
AR RENA RS . WX N C,DH/Cy H
ZHRE (K 10, EEREL AE 2 S FEW B
BAT I —N)miiE# i m,. 5 Tm/(Ts

o) (B S Wl 1) 78 132 % A2 HA WD 0 — B0
3.2.3 BEZFIFEY(MDBT)SH 4-/1-FHE_
EFEH

TIORFFBEWY A (DBTs) HiE T H ISR E
¥ (aromatic sulfur compounds, f&Fx ASC), H
FEAE DBTs K H C ~Cy By b 5411 4=
Yy, 38 AR TR T I s TR 1 07 IR Ay . X T
DBTs 431240, & 4 = N Sh 4 K 2 800t 53¢ % 8
AR Ry A E SR bR b TR T A5 R i R e
PE DL S S ST BRI, e Bk — T ey 2R S 5 4-/1-
MDBT.2, 4-/1,4-DMDBT #1 4, 6-/1,4-DMDBT,
e H A RAEA HLT RS DL Kl s B 1 J& P ]
PAAE SRy 7 3 il 78 V8 J7 [l 5 3 42 0 A R0 T S 4
(Wang Tieguan et al. ,2005), Fi RS FEE 155
BB 1 3 i B A s R . D G e B AR
T ZR T 4-/1- R TR SF ey FU A 43 A R R (&
10 B2 LD AFTE 3 A~ 18 B s/ 1Y ¥ 307 1l
BI20080 1 > FER 1 H—>FE R 2 H Q1 H—>%
AR UI—FB VI MPEE 7 >3 3L 16 > 5e3K
23 It
3.3 RAREBEBRIEMIKUFRER

M T3 e I A S B A s 07 U B B IR
BB B AR CRAR AR A 1E T LA b 40 T 4 A B 5 i
VEIAE 2 R S K AR U R AL 27 95 HR 22 U 1 4
i 18 22 fl 1 AN B € Pk (Ye Sujuan et al. , 2017),
PRI IH A S 32 2 AR 41 A ) 5540 O i B i SR R R
SRRC/Co B iCy/nCy fHF 67 C) (HIATIB RS # 12
N
3.3.1 C/C &

VS AR5 W S I e VA N T R T NS B I
JE/N PR BOR BB BE ) A RRAE , S BT A KR
R n) CH, & &t C/Cy (B W 3 i, & B
Hh H GE B i AR i, C/C, (B BE A B T )2 B
FIRY 185 Jonn i 228 ¥ 48 R R A2 A AL (Ye Sujuan et al.
2017 . INIX W C/C, (I A K A TE W A £
) RAR s 78 J7 1) A — AR T3 o) 77 1] O - 208
1 H—>FES H>ERSH—>FER 1ML 7 I
>S9 H B 16 HE > L 17 Hr—>3e K 23 JF
=G0 21 R Ty  F BN FE 1 I8 2
2P 3 R 10 > (E 10, W@ 2 LD .
3.3.2 iC,/nC, &

ERR s e, Ziz® ok e m . X
RATRE IS e 7 T be B A IR T e 1 B, D
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BB WiBEAK (Fu Jiamu et al. ,1992; Chen Anding et
al. ,1994; Wang Tingdong et al. , 1986), [ i,
iCy/nCy (H A IE BT R AR KA % 07 ) 1 2 %L
T H AR HRBR AR AR AL UG 22 S A D0 R L LI KR
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Abstract

The Mesozoic-Cenozoic in the southern slope of Kuga belong to the Kuga continental petroleum
system. Oil and gas mainly come from transverse migration of hydrocarbons generated by Triassic and
Jurassic source rocks in the Kuqga Depression. In this paper, the characteristics of petroleum geochemical
composition of Cretaceous and Paleogene discovered in the southern slope zone of Kuga have been studied
in detail by means of chromatography, chromatography-mass spectrometry and carbon isotope analysis. By
identifying the source of oil and gas, the migration and transportation path of oil and gas were analyzed
according to the typical oil and gas reservoirs, and the geochemical migration parameters were optimized to
trace the migration and filling path of oil and gas. The following results are presented: the Mesozoic-
Cenozoic crude oil in the southern slope of Kuqa presents the characteristics of continental crude oil, such
as low density., low viscosity, low solidification point, low sulfur content and high wax content. Crude oil
was primarily derived from algae and aquatic planktons, reflecting the sedimentary environment of weak
reduction-weak oxidation of maternal materials and the characteristics of mixed kerogen source. The
Cretaceous crude oil is mainly derived from lake-facies aquatic organisms, mainly from Triassic lake-facies
source rocks. Paleogene crude oil is contributed by Triassic lake-facies source rocks in addition to Jurassic
lake-facies source rocks;these are accompanied by Jurassic coal measures hydrocarbon source rocks, which
are dominated by terrestrial higher plant inputs. Natural gas is characterized by medium methane content,
high heavy hydrocarbon content, high nitrogen content and no hydrogen sulfide. Paleogene natural gas
mainly belongs to coal-generated gas, which mainly comes from coal-measured source rocks of the middle
and lower Jurassic, and some of the oil-associated types of crude oil mixed with early Triassic lacustrine
source rocks. The Mesozoic-Cenozoic complex oil and gas transport systems consisting of sand bodies,
unconformities and faults are developed in the region. Today, oil and gas in different formations are the
result of migration and transportation of oil and gas from different sources and in different transport
systems. The crude oil generated by Triassic source rocks mainly migrates along the unconformity at the
bottom of Cretaceous or underlying connected sand bodies that guide to the traps at the lower part of
Cretaceous. The natural gas of Jurassic source rocks mainly migrates along the unconformity at the bottom
of Paleogene and the underlying super-thick sand bodies to the traps at the bottom of Paleogene.
Considering hopane parameter Tm/(Ts + Tm), rearranged hopane parameter C;, DH/C;, H, methyl
dibenzothiophene (MDBT) parameter 4-/1-methyl dibenzothiophene of crude oil and C, /C, value, iC,/nC,
value and carbon isotope composition of natural gas alkanes, it is proposed that there are two main
migration paths from Quele to Yudong tectonic belt from north to south, Yingmaili and Hongqi tectonic
belt from northeast to southwest, and one secondary migration path from Quele to Yangtak tectonic belt
from west to east. In the next step of oil and gas exploration, the exploration targets on the main

migration channels should be selected and deployed according to different oil and gas migration paths.

Key words: south slope of Kuga foreland basin; Mesozoic-Cenozoic; molecular geochemical;

hydrocarbon migration; path tracing



