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B TSR Sz AT BB B o 5 2 RS2 , %38 b5
& BN BRI = I K S AL S P45 & TSR
I PR R R WO 5 25 RNE Y 74

SR, 78 e A VR FH B B, B R 6 2= AL DU
BT, XA AL AR A e A s izad ey &
FE R B TR AT BB R ER S DU
A VLA EAE R, H B LA LR £
M R AR, TR 2 2R A L A A
(Organosulfur Compounds, OSCs) o H1 T I s (1 87 112
AR POE AR 1Y S, MU 225 5 0SCs 1Y 4=
B R . PRI, 7 BN T AR, B R R S DT
BT 4 AH A 5 23R AN [ 3 R0 ) 3¢ o 1) Y
SCSEHLEE, X A OSCs BB T A 2 AR o AF
FUM A PRSI, WFFE B A A WL & e T
P MR AT A 7 ) T LR 55 A 5 0 o A RS2 W
B 1 AE 5 AR B B R R A S DU LT Y
PEVE, IF5e A 5 DU HLSOH BLAE T B Bkl o
e

1 FEaATE

1.1 FEMRIFERATGIE

SEYGRE A SRR Z2 1T AV e ST B AL B R
TR o X BERAT GG AR TR R i 25 65.5% T 418 |
33.3% H =1 1.7% Z2 840 F10.5% £ 9% . M i 2
100~200 HJF , A S FER IR AN, bR L H =
AR SR . H 28 FRUEE R R,
JEAES0 C T EEE BB LG4 T N ENT Y
ORI A, M R 5 T AR R TR B A e T
SRS (RIFR AT ) o XL AT IS ARAE bl v
b i HE 28 R A T & F 5T B il 4%, L TOC Ry
70.48% , MW & 5N 3.94% . A PRI s T
AR ) 246 KON 482 mg/g TOC, T, 0 432 °C, 3R W
oy TR T AR
1.2 HARIUSILE

ARG E T PRALNT BRSEEG  SEE A 2 R Ak
P EA S T AR A S (BT b 1), 3
TOC 2N 43.78%; S5 B 4 M % B, LA UR P-4+
FEAR M FE A o

AMFFEPTAT 2 7K R S50, 35 7E b B A T R 2
(JEHO) A GRS TRE 4 HE 5 S0 22 R HI ST-120-
11 4 45 R0 B 5 . ¥ 4 45 1K 60 mm, N 12
5.50 mm, BEJE 0.25 mm, 48 WA T hi—2 S50

HOMAA 2 800 C LARR 23R A 75 448 F 1l AT LT,
FH PUK U4 I 555 i IS AL (Lampert Werktechnik)
s A o SCIG BT PRt 2 B K A o T
SR I L R FAR AR RN A, A BN 1 mg,

RS A LB PR &8 G HRARE LS
RS min DLBR K25 R, Z IR 8 &8 T D im &
FBEHENSERAANEWNES RS, B Em RSt
TE 30 min W TFZ 250 °C, F-LA 2 C/hTHE BFREEE,
fER 24 ho SCEG T4 BRI B &3, IR B 1A B
48 °C, EJLFE } 300 °C~444 °C. N T B IR 44 A
S 50 3 R v AR AT ) 1 R K T A R
R R PR R A RELE 30 MPa.

1.3 AELIELIE

BB SC I S5 0, o 455 B B B L i [R] )
LA 4 mL 58 H e A WSO I h I 7P 7 9 2 L
A LT 10 min, AEHUE YY) U8 5 #5 1, H H A]
AL . FIE O bead 8 5 I, B B K U i
T VAT AR A W R 7] (R e RN 48U AR R ) R €
JEH, F AT B e A Ak, A e S A
TR (V/V=2 DRSS FIBENE 5 R, =S L
FH R0 R e
14 FREBYFHEIMEEDT

M — T (GC-MS) 6 I 7E [ 4 Il k27
(b3 ) I AT IR -5 R0 ] 5% B o S 0 2 e L A3
P45 M Agilent 6890GC-59751 MS <, J5i I FHAY , it &
HP-5MS (5% F 753 F 3L R B S ot ) P 7 0 B 40 A
(60 mx0.25 mmx0.25 wm) . 3% 43 B % A 5 T+
IR, CCARIR W UR 2 R 80 °C, 1HIE 1 min, A3 C/
min [ TR T2 310 °C, IFH1E RS 20 min, 2
SN He, i A 1 mL/min, 38558 0 26 cm/s ; 3t
FETT 2R AN Tt i, (R R AR R 7E 300 °C.
5 43 A B R R L - (BD =, s
JE70 eV, B TR IR BE 230 °C, F 43370 BBl m/z=50~
600, KUHE R4 L)L 4 4148 (SCAN) + 3 £ 25 1 (SIM) )7
KRR

2 4k

2.1 WABIRMERESERTL

300 CF 348 °C, FfIi T, f B A AU
TE AN R EAA LB R g m (R 1), B
Y S AE 348 C B T A LT ™= 3R 36 B i RH
B35 8 A 20 T A LB ™ 3 A K AE (A 2H 237 mg/g
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Table 1 Experimental conditions and yields of soluble organic matter and aromatic hydrocarbon fractions

;ﬁ W C Easy%R /% T gAY /mg B #/mg Al A AL H/mg Wfilz;%zq% J5 IR i img /(Z;Zii)
Al 300 0.66 53 53 2.1 56 0.4 11
A2 348 0.94 52 52 8.7 237 2.3 63
A3 396 1.49 55 55 3.0 77 0.6 15
A4 444 2.29 34 34 1.0 42 0.8 33
Bl 300 0.66 54 — 1.5 39 — —
B2 348 0.94 51 — 6.0 167 1.5 42
B3 396 1.49 50 — 4.7 133 22 62
B4 444 2.29 49 — 1.7 49 — —

VE—F R R A
TOC) B A& 8 41 (B 41 167 mg/g TOC) W . M
348 C 396 °C, W2 S5 1) 1l ¥ A HILJEE 7= R 34 %
fiK, BEBEADN A HARBRINIREE R, 444 CHY, W4
SIS AT A LIS 2Rk B B I A

A B A SIS T, 5 R A 348 CHTIAE
B KAH 63 mg/g TOC, 2 Jri Bl I B FF = 10 A, 2
444 °C I AR 22 33 mg/g TOC; T 7E B 20 & 8 A 1
SEHG R, R PR R AE 396 C R A TA B i R AE 62 me/g
TOC, #£ 444 CHI IR M TFRHRR (R 1),
2.2 AR F RS TSI BT (LFIE

AL S50 I 1 5 KR B 4 A T GC-MS R, 38
T BE SRR A AR A R FE X R B B[] 8 45OR bR
YE P | X6 A B 9T v 5 R R A A B AR O WE Wy
(DBT) \FE(Ph) A1 25 (FD #EAT T 485, Horp 76 5
B L (miz) g 184 1 T it (4% ] | %528 T DBT, 7E m/z
R 178 1) i A5 ] E 585 T Ph, 76 m/z 24 166 [ 5
O E %R T FL

AR SCAR A AL ) ) GC-MS K 25 1, %o —
FIEYY JFE T T AV A BN R R R
TR IFBEWY/AE (DBT/Ph) Al — 75 - BE WY/ 25 (DBT/F1)

M HIEAR L L ER 2. Bl SO N T s n, & E A
B A 215256, DBT/Ph M 1.05 SE 0 /N 2 0.02, 7
Easy%R, ik 5] 2.71% W} LK % 0.26; A& F A1 B
2525, DBT/Ph B B 24 5 35 A 1.05 FR2kia/h 2
0.02, SR, X1 () DBT/FL 1E A 2H 5256 rh 335 252 F A%
(18.64~3.12) , M7 B 4 S 40 v e PR i3 K, i SR
P FEAR

3 g

3.1 RERIXATABHRE TS RRE S RN

A SRR R TR ML ) A S R AR
b SR B T FE B S 56 hAN SXA
JEre AR o BRI, ASHIE 5 R 2 S B0 AN [ B R 4
TR ER S M . FEJ5 A AE R (Easy%R,
=0.66%~0.94%) , F A AEIEHE T TR A AR08
S AP RA FrEn (E 1a) . X 5HETA
(S B IT 45 AN — B FETOKIF IR &R, Rock-
Eval A6 45 5 2 I G R 3 A9 I A 25 (i 45 B AR BE
) S, 3E T, T, BEARM FE S KT R & b, A HE

R2 PERIIBEYRERUESYRIELE

Table 2 Ratios of aromatic molecules in products of thermal simulation experiments

LS TR Easy%R /% PRI TR
! (DBT/Ph) (DBT/F1)

Al 300 0.66 1.05 18.64
A2 348 0.94 0.08 18.49
A3 396 1.49 0.02 15.40
A4 444 2.29 0.26 3.12

B1 300 0.66 1.04 2.83

B2 348 0.94 0.08 21.59
B3 396 1.49 0.04 41.90
B4 444 2.29 0.02 9.57
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Fig.1

Yields of products vs. thermal maturity

(a) soluble organic matter; (b) aromatic hydrocarbon fraction

SRS R AR N T R AR A E L S R BUE R TR AL
BERA B REAIR, 2B T IR A, S5 B ARSI 4
SRATHN, TCAeFEAn A Z B R £ 15 T LU T i
HRBRSE A SR, L R N 2R AR R SR 5 T I AR = [A] A% L
FELIL , WA SR S N I A P= A A2

FE T ATV A LB 3 AL ARG AR A e R )
I3 RSB B« AR T 5 U4 AT (Easy %R =0.66%~0.94% )
F A I = 08 )5 (Easy%R =0.94%~1.49%) . X 54 i
R TE R ~1.0% [ (AL GE N RARAT o 7 AR i e 0
HIE, A RAN LB ) 5 e =Rk W E 25, M
S, B ALSE G rh O R R W S BLAE Easy% R =
1.49% e 47, 1 A 2152 50 1Y 55 1 7 SR e (E £ 1 &2
Easy%R =0.94% [T .

R 2 SR E IO T R . — D7 T, D5 R
2053 R UTRRA AL AE RN 94 T A2 i, 76 1 B2
T 350 °C TSR S oA B S e A of, AN 25 (i 35 T #E
AIEA LB R G A5 07 el 4 7 7= %
FHXTRRE o 124 TSR N 3 R A, WA AL
PRI R DT R oy e A — Rl BRI S —
J7 1T, A T v WA LA AR R A A R A A P
(RN, He =) 22 0 E A A WAL AW, I T AR R
(AR & B8 0 7 R 453, I LA T3 A AL 7= SR 8
FE A o B B I B 25 b, SRS
6 435 JRAIE S R 5R DT R AL 22 8] ) B I R
A TH R VAT AE — S I SRBRE | A HLS A s R A bR s
15314 TSR B i B Be b Ae AR i s 0 2 )5 o X 5462
TSR i A= i HLS AR T THEZE 100 °C~120 CZ I
) H SRS 5 4516 S — g el

32 RMEREXF RS FIREY S HEIR 0

BT BRI R A b, S AR R
HSIRAL A Y0 43 AR R AN ) R Rk P A~ R
R, —RIFEEm AL G4 (DBTs ) —25
RUR) & B o F-hR i ), 7 HLBT R A o i b R
FeE PR o DBTs (I MUEAE 5 B TCHLER I, (H 2
TeAILR AR BOA DL 32 24 T AE P B B« AR
B B 1 BSR FICAE T AR Y TSR, 3% A~ e 72 34
JETCHLEREE H B ER 8 8 DBTs #2438 T AR I, e sk
55 v B R £ N AT 52 K R h DBTs 43 A1 o ik
TSR (1) 2 A4 2 Fp A6 3] DBTs R 9R AR 22 . (2%
T HIRE R, K DBTs (1) 2 B H B8 A%, 75 2 HEBR AN,
F1 B2 A BEVE 6 48 7% DBTs 76 % B R SR 1K & Hh (1)
AR

1TEFFIRALE Y, 5 DBTs 85 HZE LA 70 Thr i
/BN E S et/ N B a7/ S UN s
B . XS AR LAY Y B A A AR
ENE H FEE M RS YR RS R 32 HoAth
Z R R R 52 W, T3 53 G R 5 X R 2 v
BRI RE o PRI, AT LASE A — 2R IR BERy/3E (DBT/Ph)
A 2RI EW 25 (DBT/FL) B9 AE Ak H8 s 7 HERR BN Ty
YERJG | B i £ Xk ML) 55 43 o0 - hr ik Wy sk Ak 2= 1 7
poLiig A
32.1 ZRHE/IE

DBT/Ph FUAEAE P ZH S50 v (1) AR AL R Ak A 1 12
RS (E2) . (15 EE MR, 7F Easy% R~
1.0% Z Wi, DBT/Ph S BLAE 5L N e . R AT REZ H K
SIMEA WA R, O R At BT AR SR e i Bt
KfE A i, R HEH DBT/Ph HeAE A9 14 HIMdE DBT
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Fig.2 Ratios of dibenzothiophene/phenanthrene vs. maturity

in two groups of experiments
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UL ZNS T e, MR ES B AT, T TSR W
MY B, A RO AR R b B T —E IR A S,
HATRe SR RAL B W K RS TN A B T 3
DBTY - ffif5 DBT/Ph i HLAETE & B A4l T
R TR . O, DBT/Ph Y B 284k T D Rz e
fE il T TSR SN 801 J5 6 05 K 53 0 A i 52 e, {5
XA AL R TE A E ]
322 ZXRIHER/Y

1t Easy% R =1.49% Z Hi 1) B 41 52 46 tf , DBT/FI
FUAEH R 72 A L3256 P i HUAEI/ N . 7E Easy%R =
1.49% Z J& , A 52 55 4K 22 T (%) DBT/FL LG AE 34 KR
TRERZH—FrACF (K 3) . X5 DBT #1254 i
SRR A HbIRA AT A G

50

—— AT
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40 4 e RN
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Fig.3 Ratios of dibenzothiophene/fluorene vs. maturity

TR, 20—k R T JEik S 58 it
Ko, FEER S U TIE. 2 0fkgi s
DBT AR, PRl =35 i e Mt AR T, 32 230
B EEA AR . 541, DBT AYRT B OSCs, 117 )
PRGBS, PRNET S A TG AN ] i
XPAR 22 FREE (e A AT 25 5

Xt F A 5L 5, Easy% R =0.66%~1.49% , B FR £
SRR JIE R S A AL, HNERE & B A HL
Yy (LSCs) B 45 5 SR R £ S ™, Jinsske 1 Js i A AL
Jiz H LSCs WY A AL . /E 0 DBT B LB R S 4)
LSCs & 2 1 F % 5 8O By Br DBT 19 A il i i /b
DBT/F1 FLAE S /N o 33X Fh LSCs 48 AL B i 1z 1 Bl I
HAT N5 , 53U Easy%R =0.94%~1.49% , Wi FR £
X DBT A B SR 58k 2 2, DBT/FI LU AB HE—
R

FE B SLI T, WIRA AL 5 A 3.94% R HL
o Bl PRI T, WA ML Y 0SCs 2534
WiE K DBTs, 5L Easy%R =1.49% 2 /i , DBT ()4t
i 7 ] — B0 OKOF B3N, DBT/FL HE AR 3 i .
Easy%R =1.49% 2 J& ,DBT/F1 T [ JE KSR & DBT
B 2 BE R B A, Horp A 2 5256 DBT/FL T [ g 5
/N JE R R TSR SR A ST R T —&65381 114 DBT.

DL IR 5 kA 0 EUAE AR A, #8578 T B iR

AN TR BE B B 5 B Ak 5 90 (DBTs ) (14 26 J 7 A 410
H AR A VR . e MRIR B B IR T DBT Y
HI B ) LSCs, 7 i T B B i TR RS S iy B, fifi 7
DBT =5/ NMgsahn ., P, 3 FREGE S HTTRE L
TR, o 2 A X EL A e 1) 52 i 2 BT 27 4 A
et AR
3.3 A&“S(BTs-DBTs)# &E TSR i 12 & 09 FR 14
Amrani et al. P11 T AR JEIHAE CaSO, K & Hh
1) K AR SE5G, DARFEAS A & B Ak & W FE TSR [
N3 R AR B B R IR G . LS A AR
W, TSR W 4451 BTs 1 DBTs 22 ] (1) AS™S B AH 2545
K, B TSR SRR BE B IR 1Z A8 % 808/ o 3
M, Amrani e ol. 32 1 FI BTs Fll DBTs 2 [l 6% [6] 1 2
25 50 R TSR O A& AR B REE . [RIAE , Meshoulam
et al. PR FH R[] Fob 28 ) B R 2k A AU AL 5 ) nC
BN TSR SN it & B, 7 S 56 v 10, S R & o
AT BT I DBT, I HH R S [A] 7 i 22 (A1 5
TSR J (R T 5L B B AL AR AR Ak
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T BRI, 7E Meshoulam et al.* 511 B9 2 b
RZ Al A R R 5E 1T TSR RN , 75 5256
B (<10 h, Easy% R <0.9% ) I}, 724 v JC 32 460 5]
BT AIDBT™, {H W B /N T 10 h B2 A7 B iR 6 4k
THFEHY X BN 2 R R R R R E R = A T
— S EH AL S Y B AN, T Meshoulam et al.™
{18 S 36 v fefE FH SR AL B 0 S 1 LR 1SCs, X — By
BEARL 24 BTs MDBTs., R4, 574/ DBTs 1
[ IC R H AR B SRR ER A S5

SRMT, BTs Fll DBTs 7F # 3 Ak i 72 v i) A ik 42
B LR, TSR B TCHLER 2 5 4 W & A L
WRZ — o XFWILGEA LA HLUTR U, L
JCEEE AR LI M v Y LSCs 2 28 i AV L 3l i 34k
T2 M EWS IR, 774 BTs fIDBT™, iZid &k
e eR I KAVAE 07 I (S B L X G o N 9 & v
. A W9 W Chatom RN 57 T B FH K
TSR> {H A8*S (BTs-DBTs ) B {1 41 .7 H 42 i A
TSR FRBE™, 1 LI PP 22 S P I 4 1 I R AR 1 g2 32
2| 7B AL A LR IR BTs 1 DBTs Y5200
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Fig.4 Stages of the interaction between sulfate and sedimentary organic matter
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Abstract: [ Objective ] The reactions between sulfates and sedimentary organic matter are typical organic-inorganic
interactions in sedimentary basins. During the early stage of catagenesis, the thermal evolution of sedimentary organic
matters would be influenced by the presence of sulfate. Investigations on thermal evolution of aromatic fraction compo-
sitions in the corresponding system will improve the understanding its geochemical behaviors. [ Methods] In this
study, the effect of sulfate on the thermal evolution of kerogen was investigated by hydrous pyrolysis. The source rock
and the corresponding sulfur-bearing kerogen were sampled from the Pingliang Formation on the southwestern margin
of the Ordos Basin. [ Results ] Experimental results showed that the presence of sulfate promotes the yields of soluble
organic matters, as well as the generation peak of aromatic fractions in the early stage. Moreover, the organosulfur
compounds, might be oxidized by sulfate during the early stage of catagenesis, which led to the decreasing of genera-
tion of dibenzothiophene. It would result in the significant discrepancies of aromatic fraction compositions between
two group experiments. Therefore, there was a stage of oxidative degradation between sulfate and sedimentary organic
matter before hydrocarbon generation peak. In this stage, the majority of production is polar organic compounds,
such as oxygen-bearing compounds. Dibenzothiophene was derived from organosulfur compounds. [ Conclusions ]
These understandings enlarged the reaction region between sulfate and sedimentary organic matters to the gypsum-
bearing source rock during catagenesis with lower thermal stress.

Key words: thermal simulation experiment; organic-inorganic interaction; distribution characteristics of aromatic

hydrocarbon molecular markers ; thermal sulfate reduction (TSR) ; Ordos Basin; Pingliang Formation



