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Abstract ; Biomarkers extracted from the crude oil and source rock samples obtained from the northwestern margin of
Junggar Basin are characterized by high abundance of tricyclic terpanes (TTs). The distribution pattern of TTs has been
used to distinguish oil families and to conduct oil-source correlations. Comprehensive geochemical analyses of source rock
samples reveal that different distribution patterns of TTs correspond to different sets of source rocks,i. e. the Fengcheng
Formation ( P,f) features in “Going Up” of C,,,C,, and C,; TTs,with higher amounts of C,, and C,; TTs for mudstones in
comparison with carbonate rocks;the Lower Wuerhe Formation ( P,w ) and the Jiamuhe Formation(P,j) are characterized
by “Going Down” of C,,,C,, and C,; TTs. The influences of sedimentary environment, kerogen type , maturity and hydro-
carbon expulsion on distribution of TTs were studied through microscopic observation of thin sections and hydrous pyroly-
sis simulation. We concluded that the TTs distribution patterns of P,f and P,w are mainly controlled by sedimentary envi-
ronment and kerogen type. The organic matters of the P,f source rocks were mainly derived from autochthonous algae or
bacteria and were deposited in an evaporative reducing salt lake, while allochthonous organic matters were relatively
abundant in the P,w and were deposited in a semi-reducing fresh lacustrine environment. The P,j source rocks are cur-

rently over-mature and have experienced intense carbonization. Burial thermal evolution has limited impacts on the distri-
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bution patterns of TTs during mature and high-mature stage ,but can result in the increase of low carbon number terpanes

during over-mature stage. Hydrocarbon expulsion has limited influences on the TTs distribution pattern.
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Fig. 1 Structure division of the Mahu Depression and sample point distribution
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Fig. 2 Stratigraphic column of the Permian and Triassic in the Mahu Depression
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Table 1 Geochemical data of the Permian source rocks in the Mahu Depression
G R o - N A I 92
(mg-g™")(mg-g™")

1-1 MHN -3 ¥4 004 IR (0 A 3591.51 Pyw 2.51 0.07 0.38 443 0.94
1-2 MHN -9 472 TR e A 3 813.00 Pyw 3.09 0.01 0.56 444 1.25
1-3  MHN-10 #hdb1 R 4010.50 Pyw 1.71 0.19 0. 64 454 —
1-4  MHN-19 4211 RSB 0 3 808. 70 Pyw 0.96 0.03 0.30 447 —
1-5 MHN-13  #dr2 IR O T e 4 467.00 Pyw 2.00 0. 06 0. 36 534 1.45
1-6 MHN-17 4218 IR A 3743.79 Pyw 0.28 0. 04 0.72 447 1.02
1-7 MHN-30 35pg1 TR AR 3 849.20 Pyw 0.52 0.02 0.07 544 1.20
1-8  MHN-34  J4202 YD TR 3 794.50 Pyw 0.73 0.02 0. 14 426 —
1-9  MHN-35 31 B als 3 965. 53 Pyw 0.10 0.02 0. 04 413 —
1-10 MHN-14 Rk 1 IR BT 5 457.50 P,j 1.00 0.04 0.16 491 —
1-11 MHN-2 4218 TR B8 I 3 888. 00 P,j 1. 87 8.18 8.21 433 1.98
1-12 MHN-11 76 TRADEE IR e 4 041.50 P,j 0.09 0.07 0.03 426 —
1-13 MHN-23 576 BEIR A 4045.20 Pyj 0.07 0. 04 0.11 448 2.21
1-14 MHN-4 576 TREEO BRI T e 4 040. 00 P,j 0.04 0.01 0. 02 475 —
1-15 MHN-7 JRf1 BEIR TR 4 508. 60 P,j 0.04 0. 01 0.01 415 —
1-16 MHN-29 572 IR 5244.56 P,j 0.12 0. 06 0.03 480 2.43
1-17 MHN-33 41 AR RT3 3 957.50 P,j 0. 06 0.09 0. 04 417 —
1-18 MHN-26 588 TR A 3 670. 50 Pf 0.77 0.48 0.55 423 0. 80
1-19  MHN-8  JXi¥8 TR D TR 4257.67 P\ f 2.22 0.42 15. 47 438 —
1-20 MHN-20 %87 WK 4154.35 P.f 2.55 3.74 13.77 429 —
1-21 MHN-24 %76 YD T A 3 455.50 P.f 0.53 1.27 1.38 435 —
1-22  MHN-27 H76 e 3 455.50 P.f 2.73 3.42 21.87 437 0.76
1-23 MHN-15 E72 TRENRD TR A 4569.70 P f 1.09 2.94 4.14 441 —
1-24 MHN-36 789 TR A 3 627.00 Pf 0.54 0. 06 0.28 420 0. 89
1-25 MHN-32 $76 TR VR A 3 454.10 Pf 0. 90 4.18 3.45 427 —
1-26 MHN-16 5201 TR 8 R ST b 4719.80 Pf 0.94 3.62 1.61 442 1.10
1-27 MHN-38 X 40 TR ETUEE IR & 4 566. 24 P.f 1.43 1. 46 3.64 443 —
1-28  MHN-1 K21 =Fysit/iEa 3 372.40 P,f 0.70 2.56 2.63 416 0.72
1-29 MHN-5 12351 FIZ e A 3 316.20 P.f 2.39 0.58 16.72 430 0. 54
1-30 MHN-6 @1 B2 e 4 096. 50 P f 1.42 1.72 6. 89 435 —
1-31 MHN-22 JRE7 PRI A 4590.78 P.f 1.11 9.35 1.96 407 0.96
1-32  MHN-31 31 EPays it 5 667. 00 Pf 0. 43 0. 62 0. 87 447 1.45
1-33 MHN-38 JXF§7 EY YA=PNRItE 4237.80 P.f 0. 42 1.05 1.04 420 —
1-34 MHN-21 JR@§7 KRGV = 4 595,50 P.f 0.91 3.79 1.18 401 —
1-35 MHN-25 JXFi4 RFRA S 4 402. 88 P.f 1.13 2.35 3.97 435 1. 14
1-36 MHN-12 R 1 IR R 4 362. 00 P.f 0.92 0.84 3.49 432 —
1-37 MHN-37 JE5 WA Z e 4 344,00 P.f 0.98 0.23 2.01 417 —
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Fig. 3 Typical GC-MS graphs of saturates in extracts of the Permian source rocks in the Mahu Depression
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Fig. 4  Microscopic photographs of the Permian source rocks in the Mahu Depression
a. PTREERIR, KR 1), 208 4 096.5 m, Py /BT =, Bt s b J2RAWETS 0 oA HJZ, KR 8 I, 1R 3 595 m, P\ f, MBI =, 4T
Pltse. AHURSUZ, K 87 I #1TR 4 154.35 m, P [, R IKETE , it d. BEIRICETEAPUT S BEBUARME , 7904 1 I #1708 3 849. 2 m, Pyuw, Hi
it se. BEURREIE , #2102 3, B 4 467 m, Pyw, JKREOBIEYRIES , Bt £ BRACAHLT, WK L H B 5 547.5 m, Py j, s, Bt

Leiosphaerdias JE#% AT BE 2 TH 185 = 8 = BRiE 8 ) S 0K
BRJT, S BRGAR PRERT ReR 2 ), R I T 0 AR X R
ERE AT T A HLRIEL

S BT AU LEE B0 b5 S B AT 4T, A%
DX A [ 420 50 ) 5 J 2 780 B A7 AE — 5 22 57, v XUk
20 (P ) BRERER 2 Fp A BL TR L B0 ' T WSS T L BEL
ST E A6 I TE 3 28 1k % T S T A LR (18] 4a)
TE S5 T 1 A0 K B G2 3 0 A DL
HJZ3 0 (18 4b) |, TR HRURAL R R EE IR I A v A
HLB S s, X S [TE MG 18T B 2 WL L R TR
LRI T AR I EBAFAE 3, AN ML/ T
PR JTUE SR U 2 B A LB 802 15 20k 8 T Rk
FHJZ BRRAE (P de) , SR IR M K TR
BE T IR AR (Pyu ) 5 A WU /s S I U A A
BB BT LSS R FL TR A L R TG E T A B
S BT EL oA (B 4d) |, B LR B BT N &,
10 0 11 25 A7 R85, B AT DL R e s ke ( P
4e) o HEATTLAIRIR A (P ) BT N LK AT DLAR b 45 ™ 2
(&1 AF) A HLRY IR S 0 % % T S ol 2 B 8 — 5
BT B, 25 R IR AR X BE T LSS B KU 2
A PR TR BESE A T X AT AR TR R = B 2 BT
T S B R 2 2 — 5 S5 R R LA HLBZ AR e I 5
BRI 5, 3 T i R B = B T TR 43 A 11

D22 —, AT Z4L48 T WS LARE U565 8 o 32, 10
H TR B, s T R A I LR T AR, 45 A TR
HIE IR T — 5 R

WM AR R T AR s Ak, i 3% T 1 72
Y HERILF AL . Kruge 25 (1990 ) 5% & B2 46,5
HAFLBRACHIA T Coy A1 Co B AR 24, T 75 JK (15
BRI AR Y (T IR EAZ) sh U Cy i 5,
I TR VU IR B B AL i 5 1 T e B
T BRALF B R, W A X 4% U5 B DR 3R B8 S R
HIRHEAT AT, Ts/ (Ts + Tm) 1] LUHE /S B FR SR 2 5 U8
EAIR Sy — Wb O R R TR UK R
JERALAKT B Sa oAl LI Y, KU ZH U8 i 2 i 1
IRARLH YR F I LA AR Je 5 S i TRV AE , KUK
ULE SRR MLIX R T T 26 4 MR I B IR ko O AR,, A A i
2 7% PR PR i AR O (7 400 D M R K 5
B, Coo// Coy = FRIE T LA 2 W il U5 A HLITE 5 AR Mo A5 WL
TR 225, Coy PUBRIE 5 55 0 7T LA ST e /K 1A 76 %2 4%
(T 5b) , TS L BT A IR 215 5 A U8 L P
WA HUTA MG N 3, IR RALIR A R AL AT 4198
TR BRI P AN A FLT R A2, HXUR AL B R
IKAARAE T IZE R FREE TR s M Pr il Ph 25007 LA
I 7K A AT S5 4% 1 A B 178 £, AT S T L)
T 5 SR AR e AR AT 2R R T B 5 8, KU



318 Al H R KR R 9538 &
M= Yy M Ny
. WP, [ RS I ¢ WP, /YR K
080 F/ P/ BB 08yt o . /Wi 8
" , ogﬁ; | P, w4 ® g P Wi
B el 2 o6 M N
< i s ! - I~y | .0
N | 9 Hl |
e \ * kg | °
g 040p ! o _ o4 -
N fu g e WHmE T 3 |
|
007N /o - " ) 02+ . -
a2 WA R
- e e o s e
0 0.2 0.4 0.6 08 1.0 12 0 0.1 0.2 03 0.4 0.5 0.6
Ts/(Ts+Tm) Co U FRBEAE / Cos = IR 45T
100.00 ~
. ‘Pl.]ﬁ% 2.00 d P IR
A mPL AR
N N .llz";;?% 150 - v m |AP/EZANK
10.00 | ) T N ® I\ m BT eruwiin
’é)?*%' - -INE -7 - = & ]
& e T T e T oy *%?i%;/ =
2 LA PP U e imo1oot ¥ m Ly
g -7 Ll AN\ e 8 4
A T T gk B -"\& _-- Q /7
wop.-~~ -7 @K - ik . .
T e 2T T A 0.50 | ‘% *°
PP o %
. AT
- PPk PP //,’ 7777777777 —
0.10 === - " 00 %5 1.0 15 20

Pr/nC,,

CZ}/CZIEEA:W'E%

KIS LM — B R IR VbR B S R A
Fig. 5 Scatter diagrams of biomarker parameters of the Permian source rocks in the Mahu Depression
a Ts/(Ts +Tm) 5 y - BEBeAR B IL B /R A AHZE T b, DUER = 3R 6 U (A I H R s R TR B 8%
c. TR e 1R B I 7R AU S DUBURAER s d. = BR Jo LU B S8 T Pl 7 YR A D 1Y

ZHRE AR R B, WU A = o R UTRUK AR 36
B 59 tH Had PR B8, 1M 5 R R S AEAT 21 e
JEABEE 7 , HEAR S RO RESE A E R WA R R 5K 5 =
PR X T XA XA B PR e e ik BT B SR AR R A
Horp Cp/Coy ZBRE T LUS WK A R AL 2 JEE 1) 22 57 , 3
TWOKMGBR AL Coy = FRME B 4R, il 1L 1] 5d T LA i
RN 28 UGN S NE R RN TREY S UDSEEXN
T KARERSE IR A o 288 LA EARARBUR ET 1 23
Bt 2R, FEAEMIE T AT - IUa 58 T MY A58, BITX
SRR Coy IR N U0, TE IR Cop, Gy, Cp 7 12
THEE™ A3 A D PR Dy L35 S A5 A b s s A 3 B A
XFI D AR A I K DURRERSE 1 B 45 2R, T 5 ZR AR 4
FAEARTTH SR W Coy =FRBE A g JE A Coy, €y, Cog
LN BEBYT O3 A R O DURR W TR 2 SR
VR B ST B A TR T AR, K AR BRI .y R R
K5 IR JEIREE , GRAT 2R AR 3022, XU A B A
BRI RIGURIAEEAT AL 19 22 57 2 1 S =Bl 73 A1 A
AZERMFENN,

3.2.2 mAAEFWF

JIEAHE 22 St n] ROXE = B0 A 20 A1 3 R W, A

SREBE Ry, = BRI 0 RO HXTT Cy, Gy I Gy
IR, HRR AT F ) oA T RE B 2 5245 T
BEFORIEAF I AR 2P 22 5% 0 Tuo 25 (1999) TEWFFE M
P THT e R A ] 2L 05 IR R i 1) 3 AR AR S B
G4 IR I(TE 85 i WA LURES 2/ w Rl O L1 i 3 o o =

Z3HEEC,,/ C,y ZIMELEC./ Cy
0 1.0 2.0 3.0
2000 5 000 10 20 30
a b
30001 o 3000 o
09 8o
£ © D = o
~ = ~ [F o
#4000 u} DE A i H a] O
® Py ® Y7 00 4
ol® o
o ﬁ 00 m]
5000 f 50001
A A
a A
A A
6000 - 6000t

o WU DG/RARHVEE A HEANHIEE

6 3IIMIRE — B AR AR i = PRl LR R A4S
Fig. 6 Tricyclic terpanes ratios vs. depth of the Permian

source rocks in the Mahu Depression

a. ZIREAE Co/ Coy BEEREEAEL 3. =3RilJ5E Cyy / Cos ETRBEZE 1L



24

WA e , 55 HEES ZR St B0 11T By — 7 AR R I — B g A A 5B IR 2R 319

IREBAL B TN RERL B 43 A R AR, I AR SR IR R
PEETRERL Cop oy B B IURRAE , 3 150 I = 2005 1) 53 15 OF
R T A s Y BRI BRI, = B
SRR S R B B FIG (o > Ba) |, I RN EE 38 132 1
S RAGAE () Ba KRS H & ZFRHE AL A TF AR & AR
KA
A b BT i AE TR B T b %) 3 A (L 6) W LU
XA RE i Cop/ Coy FEA/NT 1,C, /Coy /N T 1, =
IRl A R oA, HOIREETE Y T 3 000 ~
5000 m, Jfij 5 /R A 4L U8 5 R i FIAE A 0] 2 U 5 A
Coy/ Coyy F1 Cypy/ Cog FUAEFEAS K F 1, 3R bE 22 T %
RV o3 A, YREEE A F 3 000 ~ 6 000 m, Hy T RHY

Cy
€
Cy
.
WLJALL«
g Czo
Cy Cy
. .
Cu

34 e 280 5 Ml D5 2 1) R TR X AR, HLBE TR EE A 3
IN=3Ri ( Cop \Coy \Coz ) I 73 A R e A W] 78
b, AR F 2 3 il = FR 5 A X OB Y R
PRI, AERS T = Rl v 45 A R 81 B 35 9 R o
W R AE A, B RAR I8 5 MU A IR AR Y, (H 3 3k
B ZIRE RT3 A 3 B RS R X =
PR (9 7041 3R WA 0N H 23 3 B = B R A
BTN

P m] DLBE T A G FE v, e 28 A
AR AL L . Wang 25 (2012) F1) I PS4 52

B o Mt 1 M B v e e TR T AR ) ) = ER AR A
W AR5 A AL 25 AF T DURR A LA LS, e A8 AL
Cy Cy
oS

.

L]
o

Mw‘uu mJAw MLJLM wwbwu““‘“'w MMMMLJMJ:WW

K7 LM IR 7 I Puf 9 e (BEYR 4 595.5 m) HK AR 20 B2 A0 = PRl Bre i 1] (m/z 191)

Fig. 7 Tricyclic Terpanes graphs(m/z 191) with multi-temperature points from hydrous thermal simulation of P f

shaly dolomite of Well Fengnan 7 in the Mahu Depression
a—d. 7£310,330,350,370 CAF T PRI lAR i e—h. 78 310,330,350,370 C A4 T BT R Ui



320

£ 5 R R R

%38 &

ZRMET , =3RS A28 LU ELREIRLE T T, = 3Rl
(953 A FE AL 500 °C FTIETCWT AL o UKL
REE T 3 PR s B (B 7) £ 310 CAE
JE IS B B T B ) = BB 0 A7 R Ak - AR DL il
FEPPRFIER AL, 75 330 °CiF, =3l o Cy AW
Cos AW AR, TUBRE be 2 5] &5 1 o AN B T %, 78 350
CIf=3R Cy, Cyy, Coy B TR 1 23 A R A,
370 CHHL 2B T R 1 70 A AL, S 2K BRI
BEA% o AEHLB T S AR R v, AN TR T AU S5 1Y
1 L ST TR A, A B o 38 A Ja T ARl e ) £ 38
AR R , A I e R AR R IR B 5 147 ) R
AT IR Py S FRESL ), I, 310 C R =Y S
BB T Ul B XU A e IR e R = 3R 2 BT
B BRRAE , 3 8 P B S SO B R B R R = 3
AT, R = B Coo AN WTHE NN, T A = A 43 A3
SRR BRI, 5 SE PR DA AR 2E 5

3.2.3  HoeAk Ao A XA e

50K B B4 FOOT R S8 T s £ I iR
(Rock — Eval) A&l 7K SR 4007 H A3l 7 5 o3 b

Ph

SR WA FET , B R AR G 2], B LA
TR SRR HEE A RN A A0 1 o B I o S it 1
— Py AR gE BN S IR RS HOIR i R 5
A5 Wy e ) LU AR AT AR S 46 ek s B2 ) 6 B (FT LA
R BHEIT 1% R,)  FEFAELL S0 P Bl IRLRE £9 T
IR A R R AL R N0 ELE A o L B L A i
CRIHE ) 5 PR bl sk b 32 4 ( BB B ) iy 22 5%
AT LA AR HER AR P = 3R 3 A7 020 o P 4 S 50
SERBNARRL, A 7 PR IH = s ity
VERA (& 7) 16 310 °C A1 330 C A0 AR Jih S5 5k 81 e
Yy bl LI =30 o0 A R SOF T A2 Ak, HE R
= ERHERE R T TR R BARE 2R A W], TR
i Ts, Tm K Cop f2HEF7EHR R A5 B ke h Al —
A, FE I EE (350 C RN 370 C) T HEH BRI R
HE = BRET RE B 3 AR AL, AR B R R R RS
1H Coo B, Gy, F Co B S BUAR, TLERME W A2 AL B
R, FE H P UCM ( Unresolved Complex Mixture )
g I AR B T A o ) 43 A R Wy B
o VA ESZER UL, HEJE AR P AR X S5 A = 2R 70

S/ HEREAE ] 322X IE A 4 43 FITE B i e o

a L4 1.TIC II.m/2191 M. m/2217
Pr =FRihE
1 Ca
LI AT
]lJA N AL |I]|1A A AITJ“Ltl 'l .J.J.._J iy Y I
b Ph
14 2
Pr
3 =5y /
‘ J }M kil i .
K J
il 'l‘ adbal ol A 1| " h 1A [ lm -ll-J”LlL.uA_‘_‘_ ) -~
c Ph Cy
[ ] [ )
CZI
Pr o
CZ()
{
jlh‘.l .I. i jllL' l | J“ I S | Il. LJ[.‘ Iﬂmmu_' R N l
d Pl:Ih Cyo gll gn
“|‘LMLA.~ |
I.JJLA‘.HMIMJA . I'.I .

P8 IEIIMIRE — B AR KU AN ] P s AVBELLAE HEJ T P 4 il

Fig. 8 GC-MS graphs of hydrocarbons generation and expulsion from thermal simulation of source rocks with different

lithologies in the Fengcheng Formation in the Mahu Depression
a,b. R 1, PS8R 4 096. 5 m, A= BT, a R AR RRAE b D9 310 CHEHRMARFE 5
c,d. K201, P f, #4719 8 m EPITIE A, ¢ o BUARRIERYIRHIE , d Dy 310 CHEH RAIE



24 WA e , 55 RN ZR A B 1T B —

Rl

BN e aewie PSS

321

Oy TR o A b — A, 1E 310 C 5%
PERBATDGHAT TARAARI GRS 4 PRS2
5, HEE AR 7 HE 1 SR A0 5k B e AE = B A o A
AFEAEW R 22 5. W 8 Firas, LLRUR 8 H Jx & 201
H IR JE e it o 91, ZE BRI L S (310 °C)
HE il A AR PR RS AL 5 JURR % B O 7 R AR AR AL, =36
5 0 A FRE O R A Y 5 SO, X LB S 6 e
A RE AL — R ™ R R A e R 2 2
A i APRGR o i 5 A SE 045 5 b St g S Pk 300 A il e
ALK HE R B BRI, B, B0k HE
18RS XE =Rl oA MRS B

1) i oA 35 3 1M1 8 AR R I e o) 1 Bk Ak
SFHORL YO B R =B A T =3 b & AR
=, HAE =3l i oAk AP e W R i 22 57, o
EII IRV F i B ARV ) B, Co
Cyr, Coy —FRME R B A B TR S AT HRAE , YR T 2R
RIS R IAN L Coy, Cos = IRHE & BEAGR ; BUK
RV E T A F RIS, =30 2 TR
T” A RRAL  HEARTT L IR R I RE S AR B 2, T
Iy AR R R A Al AL AR BE R , =Bl 0 A1 A
AR

2) AR A Z 8] =3 be 70 A i 2 3
LR PET OO L SBF I R A 22 57, WUl 2 3 2k
PR A HBTRR Y 8 8 e 2 T, b KU ZH B R £ T
PR T 785 b RS AL WA TUR, XU e 2K e T
BOA IR ERIA IR, KA Oy 2 A 3, B KR4
FAEARTTH WA S RA WU &R 2, DU SR T
IROK S B ERIE 5 FIUAEE 2 T I = PR Joe B A 5 1Y
S AR Xk = B (4 o0 A B R WA/, 24 B
Aok g IR 2 3 I B e P LB R A R s HE AR A
FHR = BA0E 1) 5 A o 3R M R X 500 %k AR B S
B B L AT AE — RE R

5

=

Z x ®

[1] Moldowan J M,Seifert W K, Gallegos E J. Identification of an extended
series of tricyclic terpanes in petroleum[ J ]. Geochimica et Cosmo-
chimica Acta,1983,47(8) :1531 - 1534.

Peters K E, Walters C C, Moldowan J M. The biomarker guide : bio-
markers and isotopes in petroleum systems and Earth history [ M ].
Cambridge University Press,2005.

Zumberge J E. Prediction of source rock characteristics based on ter-

pane biomarkers in crude oils: A multivariate statistical approach

[J]. Geochimica et Cosmochimica Acta,1987,51(6) :1625 —1637.

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

Dutta S, Greenwood P F,Brocke R, et al. New insights into the rela-
tionship between Tasmanites and tricyclic terpenoids [ J |. Organic
geochemistry,2006,37(1) :117 - 127.

Simoneit B R T, Leif R N, Radler de Aquino Neto F, et al. On the
presence of tricyclic terpane hydrocarbons in Permian tasmanite algae
[J]. Naturwissenschaften,1990,77 (8) :380 —383.

Zumberge J E. Terpenoid biomarker distributions in low maturity
crude oils[ J]. Organic Geochemistry,1987,11(6) :479 —496.

De Grande S M B,Neto F R A, Mello M R. Extended tricyclic ter-
panes in sediments and petroleums[ J]. Organic geochemistry, 1993,
20(7) :1039 - 1047.

Palacas J G,Anders D E,King J D. South Florida basin-a prime ex-
ample of carbonate source rocks of petroleum[ C]//Palacas J G, ed.
Petroleum geochemistry and source rock potential of carbonate source
rocks, AAPG Studies in Geology,1984,8.71 —96.

Neto F R A, Cardoso J N, Rodrigues R, et al. Evolution of tricyclic al-
kanes in the Espirito Santo Basin, Brazil[ J]. Geochimica et Cosmo-
chimica Acta,1986,50(9) :2069 -2072.

Kruge M A, Hubert ] F,Akes R ], et al. Biological markers in Lower
Jurassic synrift lacustrine black shales, Hartford basin, Connecticut,
USA[J]. Organic Geochemistry,1990,15(3) ;281 —289.

Revill A T, Volkman J K, O1eary T, et al. Hydrocarbon biomarkers,
thermal maturity,and depositional setting of tasmanite oil shales from
Tasmania , Australia[ J ]. Geochimica et Cosmochimica Acta,1994,58
(18) ;3803 —3822.

Samuel O J, Kildahl-Andersen G, Nytoft H P, et al. Novel tricyclic
and tetracyclic terpanes in Tertiary deltaic oils: structural identifica-
tion, origin and application to petroleum correlation [ J ]. Organic
Geochemistry,2010,41(12) ;1326 — 1337.

Farrimond P,Bevan J C,Bishop A N. Tricyclic terpane maturity pa-
rameters ; response to heating by an igneous intrusion [ J]. Organic
Geochemistry,1999,30(8) ;1011 —1019.

FLE T, R T TN ZR 4 b IS B P L 3 Xttt e PR 2
[J]. B A%, 1999,20(2) ;108 - 112.

Wang Xulong, Kang Sufang. Analysis of crude origin in Hinterland
and slope of northwest margin, Junggar basin[ J]. Xinjiang Petroleum
Geology,1999,20(2) :108 - 112.

T2, T MEME R A PG L B AL il P g o3 [T . P g
Al EBE#4 ,2001,23(6) :6 - 8.

Wang Xulong, Kang Sufang. On the oil source of the Mabei oilfield,
northwest Junggar basin[ J]. Journal of Southwest Petroleum Institu-
te,2001,23(6) :6 -8.

Xiang B,Zhou N,Ma W et al. Multiple-stage migration and accumula-
tion of Permian lacustrine mixed oils in the central Junggar Basin (NW
China) [ J]. Marine and Petroleum Geology,2015,59.187 -201.
L, BB, T80, % MR R A M M A X =B R H
ISR 2 4 R T B MR R S [T ] b A i B R, 2014,
19(6) .14 -23.

Kuang Lichun,Tang Yong, Lei Dewen, et al. Exploration of fan-con-
trolled large-area lithologic oil reservoirs of Triassic Baikouquan for-
mation in slope zone of Mahu depression in Junggar Basin[ J]. China
Petroleum Exploration,2014,19(6) :14 -23.

ST, BAT Y, 55 4. ENE R A2 O E I8 (TR 1 S



322 Al H R KR R 9538 &
PEX RN R S A [ J]. 5 i A uh e BT, 2014,35(5) . dominantly derived from terrigenous source material [ J ]. Organic
495 —499. Geochemistry,1986,10(1) .73 - 84.
Lei Dewen , Abulimiti, Tang Yong, et al. Controlling factors and occur- [29] Neto F R A,Restle A, Connan J,et al. Novel tricyclic terpanes ( C,q,
rence prediction of high oil-gas production zones in Lower Triassic C,y ) in sediments and petroleums [ J]. Tetrahedron Letters,1982,23
Baikouquan formation of Mahu sag in Junggar basin[ J]. Xinjiang Pe- (19) :2027 -2030.
troleum Geology,2014,35(5) ;495 —499. [30] HHT, XIS, IS AE R , 5. 38 UK b 98 s G5 e I 4 5 i)

[19] A, SREZAN, A, 2. NS AR A M vy b 2% = 15 1 s S AL RS - DURRER SRR R AR [T ] i 5 R AR < e,

WA XL, A KRR MR ,2016,37(2) :322 - 331. 2014,35(5) :685 - 695.
Chen Shi, Guo Zhaojie, Qi Jiafu, et al. Three-stage strike-slip fault Hu Guang, Liu Wenhui, Tengger, et al. Tectonic-sedimentary con-
systems at northwestern margin of Junggar Basin and their implica- strains for hydrocarbon generating organism assemblage in the Lower
tions for hydrocarbon exploration[ J]. Oil & Gas Geology,2016,37 Cambrian argillaceous source rocks, Tarim Basin [ J ]. Oil & Gas
(2):322 -33]. Geology,2014,35(5) :685 - 695.

[20] GREEP, FER, S0, 55 HEMES IR G5 3 X RUS 4 = s [31] Fu J,Sheng G. Biological marker composition of typical source rocks
FHUOBMAFAE A T AT W [T ], A S KRR R, 2015, 36 and related crude oils of terrestrial origin in The Peoples Republic of
(2):219 -229. China:a review[ J]. Applied Geochemistry,1989,4(1) ;13 -22.
Zhang Guoyin, Wang Zhizhang, Guo Xuguang, et al. Characteristics [32] Tuo J, Wang X, Chen J. Distribution and evolution of tricyclic ter-
and ‘sweet spot’ prediction of dolomitic tight oil reservoirs of the panes in lacustrine carbonates[ J]. Organic geochemistry, 1999, 30
Fengcheng Formation in Wuxia area, Junggar Basin[ J]. Oil & Gas (11):1429 -1435.

Geology,2015,36(2) :219 —-229. [33] Chicarelli M I, Neto F R A, Albrecht P. Occurrence of four stereoiso-

[21]  SRIUAE ARGHAN , 50322, 4. HEVE /R A0 30 b X =& R E H 5 meric tricyclic terpane series in immature Brazilian shales [ J].
HPTBUELT] . A7l 5 RIR BT, 2015,36 (4) :640 - 650. Geochimica et Cosmochimica Acta,1988,52(8) ;1955 - 1959.
Zhang Shuncun,Zou Niuniu, Shi Ji’ an, et al. Depositional model of [34] Wang C,Du J,Wang W, et al. Distribution and isomerization of ter-
the Triassic Baikouquan Formation in Mabei area of Junggar Basin panes in pyrolyzates of lignite at high pressures and temperatures
[J]. 0il & Gas Geology,2015,36(4) :640 —650. [J]. Journal of Petroleum Geology,2012,35(4) :377 —387.

[22] B, ZedRer, B EE 45 kB0 THIR 3 SRR VR A iR [35] Lewan M D,Dolan M P, Curtis J B. Effects of smectite on the oil —
FEIERI R [T ], RIRS HBREL2%,2004 ,15(5) 461 —464. expulsion efficiency of the Kreyenhagen Shale, San Joaquin Basin,
Gao Gang, Jiang Zhenxue, Zhao Zhe, et al. Influence of temperature California, based on hydrous-pyrolysis experiments[ J]. AAPG bulle-
increase velocity to the hydrocarbon formation of source rock by hy- tin,2014,98(6) :1091 —1109.
dropyrolysis[ J]. Natural Gas Geosciences,2004,15(5) :461 —464. [36] Van Graas G W. Biomarker maturity parameters for high maturities ;

[23] Greenwood P F, Arouri K R, George S C. Tricyclic terpenoid composi- calibration of the working range up to the oil/condensate threshold
tion of Tasmanites kerogen as determined by pyrolysis GC-MS[ J]. [J]. Organic Geochemistry,1990,16(4) ;1025 -1032.

Geochimica et Cosmochimica Acta,2000,64(7) :1249 —1263. [37] Frysinger G S, Gaines R B, Xu L, et al. Resolving the unresolved

[24] Jin X, Pan C, Yu S, et al. Organic geochemistry of marine source complex mixture in petroleum-contaminated sediments[ J]. Environ-
rocks and pyrobitumen-containing reservoir rocks of the Sichuan Ba- mental science & technology,2003,37(8) :1653 —1662.
sin and neighbouring areas, SW China[ J]. Marine and Petroleum [38] RGNS, W, pramis R AL B R his B HuER b A R [T ]
Geology ,2014 ,56 :147 - 165. A1 JHSE 6 Hb 5, 2001 ,23(2) 1186 —190.

[25] Yu S,Pan C,Wang J,et al. Molecular correlation of crude oils and oil Qian Zhihao, Cao Yin. Geochemical effects of crude oil migration in
components from reservoir rocks in the Tazhong and Tabei uplifts of the north Tarim Basin, Xinjiang [ J ]. Petroleum Geology
the Tarim Basin, China[ J]. Organic Geochemistry,2011,42(10) . &Experiment,2001,23(2) ;186 - 190.

1241 - 1262. [39] Song D,He D,Qi X, et al. Occurrence and composition of solid bitu-

[26] Tao S,Wang C,Du J,et al. Geochemical application of tricyclic and mens from the Bulonggoer Devonian paleo-oil reservoir, North Xin-
tetracyclic terpanes biomarkers in crude oils of NW China[ J]. Ma- jiang, China[ J ]. Organic Geochemistry,2015,83:1 —15.
rine and Petroleum Geology,2015,67 :460 —467. [40]  JHBEK, ERRGA  AREER, 5, HENE /R 75 b AE 0 8 e b J2 8 T 3

[27] HFBE, LW, B, 5. WA SR L e R a4 e A AL L) ]. MR ,2014,49(3) 1812 - 822.
XHECLT]. Aih -5 RARA T ,2014,35(3) 1336 —341. Zhou Yongshui, Qiu Nansheng, Song Xinying, et al. Study of source
Tian Chuntao,Ma Suping, Yang Yan, et al. Comparison of hydrocar- rock thermal evolution in overpressure formations in the hinterland of
bon generation conditions between lacustrine and marine carbonate Junggar basin[ J]. Chinese Journal of Geology,2014,49(3) .812 -
source rocks[ J]. Oil & Gas Geology,2014,35(3) :336 - 341. 822.

[28] Philp R P,Gilbert T D. Biomarker distributions in Australian oils pre-

(%% KIAE)



