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Abstract  Steroids in the geological records is generally relevant to the organic matter source; in re-
turn, the distributions of steroids would provide unique insights to organic source in sediments. Organic
matter input in the alkaline sediments is complex, which can form various steranes. In this study, a total
17 cores were sampled to carry out GC-MS and GC-IR MS to investigate the distributions of steranes and
their controlling factors by combination of previous reports. Low Pr/Ph combined with high content 8—caro-
tane, C,, tricyclic terpane and gammacerane indicates a high salinity water body during the Permian
Fengcheng Formation. The samples are characterized by low relative abundance of C,,; regular sterane and
high relative abundance of C, and C,, regular steranes, which is due to the contributions from some spe-
cial organic matter input such as green algae. The content of diasteranes in the selected samples is very low
likely leading by the low clay content. A low alkyl-steranes present in the Fengcheng Formation source
rocks, which may be affected by organic matter source as well as high strongly reducing environment as
shown a low C,, 4—methyl sterane relative to C,, 4—methyl steranes and C,, sterane. Occurrence of C,, 24—
n-propyl cholestane in Fengcheng Formation samples located in edge of paleo-lake may imply the organic
matter contribution from red algae. Moreover, high contents of lanosteranes have been detected in the sam-
ples, which suggests a reducing sedimentary environment and a green-algal source as supported by abun-
dant C,; and C,, regular steranes and B—carotane. The absence of triaryldinosterane in the samples is likely
ascribed to some special organic matter source and a low contribution of dinoflagellates. In summary, it is
the strongly reducing environment, distinct organic matter input, as well as low clay content in mineral
compositions that lead to the various and complex steranes distributions pattern in alkaline sediments.

Key words steroids, palaeoenvironment, organic matter source, alkaline sediments, Fengcheng
Formation, Mahu sag
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AL B 2 o IH B P BAOIR 26 [E] RN B A
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Fig. 1  Generalized synthetic pathway of steranes in geological record

(modified from Chen e al., 1989; Summons et al., 2006; Synnott et al., 2023)
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Fig. 2 Tectonic location and the stratigraphic division of the Permian of Mahu sag, Junggar Basin
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Table 1 The samples information and bulk geochemical characteristics for the selected core samples of

Permian Fengcheng Formation from Mahu sag

FE b 5 W " TOC S, PG HI T R, s3C
%7 s /m i /% /mgeg”t /mgegt /mgeg™t /mgegT! /¢ /% /%o
Fl 321470 HZEHERA  0.64 0.40 2.49 2.89 390 435 0.96 /
F2 3226.90 = EIRA 1.30 0.36 6.96 7.32 537 436 1.11 /
F3 3233.38 [ ZJRIRA 1.02 0.65 6.15 6.80 602 438 1.14 /
F4 3249.50 FZJRIRA 1.01 0.35 5.37 5.72 531 436 / /
F5 k3 3288.70 [ JRIRA 1.21 0.26 7.07 7.33 583 437 / /
F6 3354.20 H=RRHA 1.22 0.32 9.08 9.40 744 438 1.01 /
F7 3470.90 F=RRA 0.63 0.54 7.05 7.59 817 441 0.89 -29.52
F8 3473.60 e 0.73 0.86 2.99 3.85 794 447 1.01 -28.25
F9 3476.10 F=RRA 0.40 0.34 1.11 1.45 662 454 1.15 /
F10 3156.16 P =4 1.74 0.90 8.51 9.41 490 436 / -29.25
F11 3157.50 [ = JRRA 3.60 0.51 33.47 33.98 806 442 1.05 -28.83
F12 3182.90 WFE B A 1.34 0.85 6.66 7.51 499 433 / -30.47
F13 7 3189.29 M= HRIRA 2.93 1.66 25.7 27.36 877 435 / /
F14 3220.55 HzumkHA 0.44 1.40 7.89 9.29 586 438 0.96 /
F15 3222.30 M EERE  3.43 2.32 39.9 42.24 688.46 440 1.11 /
F16 Fl14 4065.19 RFEH S H 240 1.03 13.93 14.96 635.25 440 / -28.40
F17 F20 3268.00 HZ=EIRA  2.40 2.73 20.1 22.83 836 438 / /
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4.2 TEXRLEY

=k (TT) & 0 A7 T Bk b, JF #k
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inson, 1971; Simoneit et al., 1993; Tao et al.,
2015; HutsE, 2019) . PLARM K IR 55 10 0 AL 4 =
PR e o AT A AT B S, AR R EK A A

PUBT— M B Co, TT PR, e LT iR 7K 35 45 1)
BHLRE & C,, TT (Tao et al., 2015; 1 #t 4§,
2019; Xiao et al., 2024) ., ¥ i M1 54 XU 4H T FR
DL EE CTT MHRAE, C,TT Hl C, TT A X & &
BARCE 45 R 2), XEUIRIEAA LT TR T 4
SRR IR KA o X 5 KUBCZH TR ) IR A LL &5
R—H(E 3),

WUICZH K 5 b 5 A BRI R 0 Ts ALy o
9 Tm (& 4) o Ts al GBS o1 T = [ be 19 S5 118
B W) i 4 1k /E R JE 8 (Philp and Fan,
1987; Xiao et al., 2019) ., Hj AWF5T 2 B X% 4H 4
WM UL A e Mk R a0 oy £, & 8l
90%; Fitw W& EMMBEAKRE (ZmANE,
2022; fuf 344, 2023) , Wk, KR TTRRY b
Ts AHXT 4= B BUG,  HEDN 7T RE 5 XU A & A b &+
W) AR . WIRALIR I8 A vh & A s B
ey e (18 4), s ke ss 8 (g Co 78
Be) AGAE 0.27~1.10 Z i), VXA 0.78 (£
2), RWAGHLBIE M T 1A RE 5 KR & A B
B ZHUURIREE (Damsté et al., 1995) . KUIR 4]
hE AR FEERERRESY, R EREMEY
MANTE R AEAE (R EDESE, 2019) 0 MAh, ThHEke

F53F, F1£3226.90 m, KR4, =R A
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Fig. 3 Total ion current (TIC) of saturated fraction in the Fengcheng Formation source rock samples from Mahu sag
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Table 2 Geochemical parameters for alkane and terpanes in core samples of the Permian Fengcheng Formation from Mahu sag

B it . - -
HEC PyPh B/C. Cioso Ca Cos G 208 CyH Cu,H CyuH CuH CyuH
/ Cloe2042143TT 7 ClosagenissTT /7 Cloingenizns TT 7/ C3H (S+R) /% /% /% /% /%
Fl nCy; 059  0.02 28.65 27.76 43.59 1.01  0.51 39.37 22.60 14.91 14.07 9.05
F2  nC,  0.60  2.69 29.79 27.24 42.96 1.01 052 33.53 21.84 16.93 13.91 13.80
F3  nCp;,  0.60 7.82 26.85 27.38 45.76 0.79  0.50 31.94 21.84 16.73 14.28 15.21
F4  nC, 067 2.44 29.87 27.90 42.23 0.88  0.53 35.82 23.07 16.04 1270 12.38
F5  nCy, 078 0.9 27.97 29.67 42.35 0.90 0.52 32.08 2228 16.64 14.35 14.64
F6  nC, 054 1.71 28.48 26.48 45.04 1.67 053 26.53 2256 18.31 14.46 18.14
F7 nCp;, 044 230 26.02 25.84 48.14 .10 059 27.09 2299 16.17 16.17 17.57
F8  nCp, 044 1.52 25.66 27.66 46.68 1.06 059 28.24 22.64 15.94 16.09 17.10
F9  nCp, 052 927 23.18 25.18 51.64 0.96  0.56 24.55 2279 16.77 15.67 20.22
F1I0 nCp,  0.64  4.83 29.84 27.59 42.57 0.35 0.55 37.62 21.77 1477 11.68 14.16
FI1  nC;,  0.80  0.59 34.79 30.09 35.13 0.47 0.58 39.10 24.06 15.43 11.16 10.26
F12 nCy; 057  0.48 34.20 31.29 34.51 0.34  0.55 42.14 27.85 13.63 9.63  6.75
F13  nCy;, 076 0.74 23.39 31.77 44.84 0.40  0.55 44.58 26.17 13.87 832  7.07
F14 nCy;  0.63  0.85 30.33 28.33 41.35 0.68  0.60 33.63 23.44 16.34 12.73 13.85
F15 nCy; 036  4.15 22.22 25.83 51.95 0.64  0.64 29.62 21.25 17.22 14.16 17.74
F16  nC;,  0.83  2.14 30.05 34.35 35.60 027  0.55 46.44 25.04 13.47 8.44  6.61
F17  nC;, 058  0.69 34.41 32.05 33.54 0.68  0.52 48.43 2636 12.59 7.20 5.42

T € TWERR; Pr/Phe BEEEEE/HELE: B/ C s B~WE DAL/ TWEWR s Cloun0/ Crosngearsns TT: (Cig+Chg) / (Crg+Cyp+Cy +Co3) = IR
‘Jb’%; Czl/C19+20+21+23TT= C21/ (C19+C20+C21+C23) :%mf}:}éﬁ, Czs/C19+20+21+23TT1 sz/ (C19+C20+C21+C23) i%m&%%i G/Cs()HZ ﬂlﬂtﬁﬁlﬁﬁ
/Cmi‘kﬁ; 20S/ (S+R): 208/ (20S+20R) C“i‘kﬁ; CyH (%): Cy/ (C5-Cy5) pe Cyp,H (%) : Cyy/ (Cy—-Cys) W CyH (%) -

Cys/ (C3y=Cys) FELE; CoH (%) : Cpp/ (C5y=Cy5) FEkE; CosH (%)

Gy~ ik A A i “HME” BE
(L 4), Cy5 Jh 48 ke A X & & 20 A fE 5. 42% ~
20.02% Z 8] (3 2) o X 5% WL 00 iR #h 24 31 190 A
PrASTA], ATRESE TR AT (Cao et al.,
2020) . fHE, HABEENE, RERA “HEE
SR 5T I W 2 R 5 ORI RV
R H TR Co THERE LL 8w, 1578 — > i id
JEH) TLRR K AR B85

4.3 S ke

Coy ~ Cop HEINI 55 J2 35 388 A7 A T DT AR W) A D3ty v
Bz YT E A BILB A S BRI P AN AR
— MR, oy B HS e 3 R U5 T 41 T A S 4%
MREEK AR, T Cog BRI £ e 3 S0k U T Bl 95
ZERi%Y) (Huang and Meinschein, 1979), {H&&, —
SRR IR I BESS, WIS PERI SR SE , R TR A PR
o Co ML £ BE 19 Ok 98 ( Volkman, 19865 Wang
et al., 2023b) . [ 5 U M Kk 41 U0 R B

C33/ (C31 7C35) Eﬁ:

m/z 217 J§i it (638 B R 85 Bk A W0 4 A R AE . 45
TR, XUk A R 5 55 e v C o T Co B0 55 25 7%
R R, M By B A T 43.34% ~
51.59% z [a] (SF ¥k 47.23%) F1 38.13% ~
52.45% 2 8] (V-3 k 47.219%) ; T C,, AL b
DA AR, A R A AE 2. 36%~ 7. 06% X [H]
(CF¥ R 5.56%) (% 3). AT ADFRFY], KIRAH
AL R Ok AR > (8 614, 20155 BR
PR, 2017), [A U0 o 0 G o s 5 a G B0 D) 5
FeH TR A AL B 5T B (Chen et al., 20225
Wang et al., 2023b) , N4 RN aR e 4 C,, ~C#L
DU 55 o 149 AFDRE = B2 AT DA 3R 7R 4% il 21 780 35 25 B R 1) AH
XF LA o AR R A LG TR 2 2B Cop/ Gy S
Be LU S (e JLERSE, 2006) , XU 2H A7 B BT
A RELATRE R SR BE ik oh £, ATREIRA D R4 s A HL
T (B 6-a) o Co il GBI 55 ¢ 50 1 i 3 90%
FRUIAYLE PR ERIE S E S (%R 3)  (Xia
et al., 2020, 2021, 2022) . C,./ C # I &5 % H (4
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Fig. 4 m/z 191 mass spectrometry of saturated fraction in the Fengcheng Formation source rock samples from Mahu sag
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Fig. 5 m/z 217 mass spectrometry of saturated fraction in the Fengcheng Formation source rock samples from Mahu sag

PO SRR, TR ARTUBR R 151 2 A, B RS T A R — R AR Y.
{H i@ % /N T 0.6 (Schwark and Empt, 2006), {H B, HFHEERAEG P ARETEZE (chloro-
2, WIAHTRY T Co/ CfHE S, /T 0. 81~ phyll) a fl ¢ ¥ (Xia et al., 2022), P ICHFSE X R
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Table 3 Geochemical parameters for alkane and terpanes in studied samples of the Permian Fengcheng Formation from Mahu sag

gi CZZM Ci*;‘“ ngozat BR/(BB+aa) S/(S+R)  Dia/Sat  Cp/ CyTAS €,/ CygTAS CZ;;AS CZ;;AS Czi;oAS
Fl 406 5781  38.13 0.19 0.30 0.04 0.01 0.20 0.14 16.95  82.92
F2 236 5159 46.05 0.20 0.27 0.11 0.02 0.28 112 2185 77.03
F3 7.06 4650  46.44 0.24 0.34 0.08 0.04 0.34 354 2458 71.88
F4 534 5123 43.43 0.23 0.31 0.06 0.02 0.26 0.98 2059  78.43
Fs 7.02 4465  48.33 0.26 0.34 0.08 0.05 0.43 4.41 28.54  67.06
F6 534 4561 49.05 0.21 0.32 0.05 0.03 0.31 103 2334 75.63
F7 633 4735 46.32 0.20 0.35 0.02 0.06 0.54 404 3238 63.59
F8 689 4720 4591 0.19 0.35 0.01 0.08 0.63 502 3490 60.08
F9 6.66  48.66  44.69 0.21 0.36 0.03 0.08 0.59 474 3449 60.78
FIO 340 4334 5326 0.33 0.42 0.05 0.09 0.82 478 4245 5276
FIl 556  46.07 4836 0.37 0.46 0.08 0.11 0.88 554 43.94  50.53
FI2 305 4440 5245 0.26 0.32 0.03 0.03 0.54 218 32,99 64.82
FI3 928 4573 44.99 0.24 0.37 0.11 0.09 0.82 437 4307 52.56
Fi4 571 4487  49.42 0.20 0.30 0.09 0.07 0.58 417 3430 61.53
FIS 646  43.66  49.88 0.25 0.36 0.03 0.05 0.62 279 3645  60.76
Fl16 5.37 47.91 46.73 0.42 0.47 0.15 0.07 0.74 3.89 42.01 54.10
FI7 453 4638  49.08 0.18 0.25 0.02 0.05 0.70 334 3965 57.00

FiE: CpSat: Cpp/ (Cpp~Coo) BUMIE K5 CpgSat: Copp/ (Cpy~Coy) MUMIE E; CygSat: Cop/ (Cyy~Cypy) HMEEE; BB/ (BB+ac): BB/
(BB+aa) CpMUELE; S/ (S+R): S/ (S+R) Coo MM %E; Dia/Sat: (Cy~Co) FEAM KL/ MM 5 Coe/ Cpg TAS: 208-C6/208-Co =
F5HIKE; Cp/ Cog TAS: 20R-Coy/20R-Cog = F5 i 5 CpTAS: Cpe/ (Coe~Cog) ZFFHiHE; CpTAS: Cpp/ (Cope~Cog) ZIFHIBE; CrgTAS: Cope/
(Cye~Cog) =T5Mi Kt

A A
=20 —
i []
1 " Fl °F3
A F4 v F5
5 257 * FI3 < F17
" 1
= o 3043
8 27 zthau o % i . i :
3} TR WL R R ] "
= ¥ N
I8 *
S ‘ ‘ i N M
1 TRA AU —_— -35 v
PRI . '
S P -
0 m]j ™ -40 T T T | >
-10 -20 -30 -40 IEAghek e Mike  Cy fiike  C, fiike
6"C/%o waEy

IEAG Bt Je SR AR TR AR C 5 ~ Coo BRAAKR TR A 2 A -2 (H
KBl 6 MG S R RESAES T TRARBAIREIM RS C,,/ Cup LB (a) MAEYFREE PRk
IF AL R A A (b)
Fig. 6 Cross plot of §°C vs C,,/ C,,steranes values (a) and compound-specific carbon isotope of some biomarkers (b) in

the Fengcheng Formation source rock samples from Mahu sag

SRAVURRY R Cop/ Coo (AT REV T — SE 455k F e, MH & LB FE AR (B 6-b) . Cyffi it
LRWEM BRI T3 AN, DUBI R Co MU S B AN 00 TR]3 3 M A 388 SRR UL AR I 5 1 45 1 ) 437 3% A1
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927 % FAREE . B R KR W TR b S 2R S T IR R AR R X 11

2y 5%o, WWEELEFEF LEE o X A 2 5] RETR )
AEEZEFEIR (Zhang et al., 2020)

WAL, oo B 55 45 S 480 Ak 2 800 ok OF- H i
BEE (Xiao et al., 2022), fHIE, C,—-BB/ (BR+
aa) Fl Cy—S/ (S+R) A 43 4 fi 7 0. 18 ~
0.37 F10.25~0.47 Z[8] (& 3), 48/ A BT A6
AL T A B A B B B o 1B BT 2 A R
Cyy FEBE 540 b 2 B LA K 05 I iU B2 2 0 14 3 W XL
WA IR B E AL LA A A g, A TR E AR R
B (Wang et al., 2023b) , B, Coo KL e 5544
S HUR R, AT REAE HE A RO AN A LT
IR

4.4 FEEK

BT AL Be St , T e A A s P A
W BRI R, BB TE Cy ~ Coe 28] (3
BIRE, 19915 EAEMRSE, 2009), {HASCHE
Ao BITNAE TR JR 23 7R B 1 — B G U AR ) rh A
B Coo~Co L BEH b, IFHEMIZ RIS Yl aE S
HIRET PR AE K A AW TTRRA O, RS | LA
HEP SR CRWISTAE, 2014) . MAb, ZLEPIM
YA L PR AL R BE AN, A A & T B2 DL
BUA B30 9 A W W A A TR R ) I, Sk 2 35T
AR5 i35 e R S G S N OI R R R iRV ARS s
B, ARSI P BN AR 5 45 s R DR AL 1Y
P, JEREIR DRI EE T A W 5Tk R 2 5 A L
O I (R SE AR, 2014) o BFSE X XU AL DT
W b FARER I C,, ~ Co JEBE 55 e (I 5), HE
B A P55 R A AR o £k B2 o 3 i A4 0 AR S5t
T RRIRA VLA K, XS HLB DL BRI
SOKRAAY N E o R, B A YR R R 3
W0 111 e XU 2 P E 19 7K i 2 B 7 i — B s B A AU
AU AL 5 3 g 2 5, R — 2T

4.5 EHEKR

HHE ) I AR AE T T SR Y — R
FKAEY . HRAE YW BEIE LT LA PR
A R0 PR R B R TR R B e T R AR T
HAEH (de Leeuw et al., 1989) . [Hit, MEAH
Py 53 A e A AE A 1 O R BT LB Ay A 28 1
(Ensminger et al., 1978) , & RBAVER I N, =
HE 5 6 A AR = B2 b i, R S e S M0 5 e
FEE K (van Kaam-Peters et al., 1998 ; I G Fl B

B, 2011) o desbh, HAWESE R B E HE S bl F e
SUBHE AL CRBWASE, 1997), @bl
BRI 5T BRI e FE il L A & 3 HE 5 e
MR M= P A E SRS (Teng et al.,
2019) o E X B 5T XA MERE b m/z 217 @ 5 ]
IIHT, BESE R BRI A U A LR A R
Be, EAR S e/ M Be FE R (0.01~0.15)
(£ 3) . BB U XX B B 5, AR+
F% B 5 ot T RE 5 XA P AR S B R T S ek
J3E 588 0 JE A IO AR K M AR G o

4.6 BRER_FREHEKR

R b 2 b b EEw — RV G
Y, HALHE 2-WIR e . 3- 1 BLHS b Fl 4 - HT 3§
ft (Dahl et al., 1995), Hrp, 52K H U5
ZHALE Y 4R be, AT B T RE A Ve A
B, WEGHLERRAF AR (Boon et al., 1979;
MRS, 1985, WS, 1989), R/KMWIAHTT
Y s Sl s, BOA e 4-H JE 6 be iy
FEGERE (KR, 1985; Brassell et al.,
1986) T ¥ A R Rk 7K 38 AR 0 R4 v 3 8 3 Ak
Ak /b, H s & B A S R A5 A0 TR L, PR
gt A-HUER S e i R IR (B SE, 1989)
WAk, ARPERMY, 4L b 4 W] gE 5 0T
B A R, LR iy b 4-1
R b B, MK VLT B HL 4
s E®E (Jiamo et al., 1990), W e 2 K
Ry e R BE R 5L 8 PO R K A B T 4 - HY R S e
A T B B A AT o AR LG TR S e, KU 2
TURR W v 4 - HY B 59 5 i) =F B Jog Je IG 1 0 00 55 e
R S AN W) A= Wy b s g STk (1 7) o seh, KU
BEdh P LR BB (G~ Cy) R RW N . Hop,
5 Coy 4-HIEE BE AT Cop e Ml L, oy 4-HIIE i 2
FRE AR, TR 4R n & m b U0 K AR & A
(B 7-a), 4, 4-"HIEHLEnl B 4- B L e
A AL AE Y R SR . R, KU TR
LA IR B (Cp ~ Cyy) 4, 4- HISLE b b £
(F 7-b) o X5 4—H R b 70 A Fe ik — 2, HED
2RI G WA RE R A AL A, RIVATRE S
AR DU 5T BRI A BLBT STk A G o

4.7 24-HEPEE
— B LA, C, 24— 1FE 9 6 B (Cy 24—
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Fig. 7 m/z 231 and m/z 245 mass spectrometry of saturated fraction in the Fengcheng Formation source rock samples from Mahu sag

NPC) BN H T IE N AL E B, 2 AR DT R
B L g 8 5 ( Moldowan, 1984; Volkman,
2003) . KL, AL G Y2 Bl A TOR BF 5
TR — A E ARG . KA ARG (2024) @
X5 1% 72 XU 20 0 RR ) v i G Cp 24 -NPC
(1 8), JF R Cy 24-NPC $5 % 5 4 it v 21 95 10
TARRXS F R HA IEA SR, HEM RS W] fE
TR LL PRI . IS8 3R BT XU 2T AT =i R
B BRIE 5 H KA & BT A SR MR I, Rt
SR I XU A T AR LIS A £ 9 A A 3R 5 O AR
o PEUCHENT, ZLBER T RS AN, 2l
R EZ AR ARG, 5—TJrm, @it
PG S2 T, 4 2R 2 B XUl 2 v 20 9 T A W ) F
RO LM EA —E oIk, JCHZTEMPBE T
NGIX (KREARSE, 2024), (Hi2, Jm bR
WAL G Y. Cy 24-NPC A] 8 2 0F 5% X ¥ 78
A R PR LR R

4.8 EELK
FEH e R =R G, e
B E W B MG E & o ik s (Chen et al.,

1989, 1990) . MJa, K& Cy ~ Cyp 3 B 5 b A 4k
FERl A& G (Peng et al., 1998) | FAIL L
ERVIBW) (Feng et al., 2011) | B4l 3 XUk 41
BRI LR (FAR B A, 2021) A il 5 % e,
FAT, B bt m sk | Rl I 5 R 28 A ) UL
BEREX — W e 2B LR R, ZRIMLE
Yoot —REFIR AL, MORIRIE R, HAEYK
WS R AL TS0 R B Beo Lu 4% (2011)
UCTE <5 EL M1 B g 0 Jst it vh G B (Co ~ Cys)
FER|E P, R T EE RN RS F B
BErIAE YR IR . Wang 25 (2023a) fE 35 ) 1M1 X
Il 2L T8 AR T AR A D B R R R o ~ Cos T Gy ~
C,FBHHE, I ENT AT RE A LR A 4 ) ok
W G R R A 5w F WS N 7 - 5
L EE B KR 8 — F L TR e e o A, I W A T
REJE AR IR, (ER HEBR MM 3 2 A= Yy ok o [
9 AR MR WG BE i m/z 259 (R R JE 7R T KU
MUY P B E . HRAESWRRL, —
D7 R R ML & B R . 3E s oK R & AR W
TR KR IR 5 55 —J7 1 n] RE4E /R KU A T
IRULEIT 501 MR IR A HL DT mk
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Fig. 8 m/z 414—217 and m/z 414—231 mass spectrometry of saturated fraction in the Fengcheng Formation source rock samples

in 3455.6 m of Well X76 from Mahu sag ( modified from Zhang et al., 2024 )
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Fig. 9 m/z 259 mass spectrometry of saturated fraction in the Fengcheng Formation source rock samples from Mahu sag

1986) . Cup. Coy il Coy TAS A HER T C,p . Cog Fl

49 EHHRRFEZLER Co MU 56 5 48 0078 92 1 50 A L 6 3
=I5 (TAS) RAMELSW AR A T 875 i = H ( Moldowan and Fago, 1986), C,./C, 20S
e R A B AL, 5 A OO A L DT 2 TAS F1 C,,/C,, 20R TAS B &8 H Tl &% 0
18 4y v (Riolo and Albrecht, 1985; Riolo et al., W98 (Li et al., 2012; Z=EARE, 2012; 48 MK
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S, 2017) fHZ, ZIRTH MRS, C,\20R
il C,, 208 7E m/2231 T & bk A i, Toik MR
HHE C,. C, M C,TAS Xt FEEF ( Moldowan and
Fago, 1986) . R, =75 fibe ikt C &
B AR A3 SRR AT IR e R R AR
B A o =07 B S be e — R SR IR T T e 1
A>T, T BN S T2 AR )
BB R IR W) (Moldowan et al., 1996) . i/
FCH I LISk i 0 R J2 v A 2 A e TR EE A =05
W ki, )L, Moldowan fll Talyzina (1998) R 4E
AR YRS, WE ST R I VA e 1 AH 2 T RE WGE
W PR . Zhang %5 (2002) 735 LK 4 4 9%
a0 I S 20 TOAR W il B b ARG B i R R
24-FEAH b6 . H S be R =05 FH B e . BLJE AR
TR Hh 3t A A H1 3 V) 588 5 AH 5 1 3t 2R AL 273k
i, TRV IR 3 B R ke R = & 20 A
HEZYEEZE (Moldowan and Talyzina, 1998) ., Xt
A 50 FRCSR 5 WY 0 35 A 98 55 0 30 2 kS U T R
THEAL (Ogbesejana, 2018) . Xk 2 L B4
A WARF B Cy —20S TAS (& 10-a), Cy
-20S/C,,—20S TAS W {EH K (0.01~0.09), H
DL CTAS 3o BT Cp . Cpp Fll Co TAS HH XS
FHE, SEREW 3 MALS WX FEFB R
3.30% . 32.50%F0 64.20% (£ 3) ., X{IF 5K

HR AR o BLDN) 5  AR H Cop KLU 55 8 25 2R — B
(E5) o Beoh, MR DI b ILF A& =57 H 3
ke, DARIE =77 i ke o 3 (18] 10-b) . XAl fig S
IR LR ML AP e R A PL B ST kA 58 (2R
BAF, 2022) . [AW, FATABTTERMEE BN KT
24— MR ES e 1 =27 g HS be (£ AISE, 2008)
S RS 4 e kB TORR B 58 AN 3 LV 2R AR R
EEIH, SEUURY R RS Wi

5 £t

1) HMEE T &8 RIRA TR B A & &
B . BT B . Coy = R ot A B
Pt , RWITUREH L B R B . il s Bk Ik & 4
W24 J2 B A K AR 25 o Tk, DT RRU 3 4 ok 52
A (A HLBTR U8 A SARES 10 W) & 5 000 ) 4L 8RR
AEFL[RIE B 7 I ETURY b 5 0 S e 2R B 4
i o

2) SUCHANLERIETTEA S S 2K G Y
ORI FEEERIA : Wm FRERY Co A Cog KL
ot LA B AR 2 BE Y C, 0] S ot T BE 45 75 S 88 55
PRBERTTHR ; Cyp 24— 1E N FEIA 5 e A9 £ H 1T RE4E 7
BLWAV AR A; & FEMNFE B SR A6
A S e AR IR SR I A IR B A e A
Pt AR AR 2 o 119 = 07 HY 35§55 J6¢ P BB G s LA Rk A
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Fig. 10 m/z 231 and m/z 245 mass spectrometry in aromatic fractions of the Fengcheng Formation source rock samples from Mahu sag
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