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Abstract: Various sulfur-containing compounds, such as thiophene, tetrahydrothiophene, benzothiophene dibenzothiophene,
and thioadamantane, were detected in crude oil extracted from the Ordovician reservoirs in the Tazhong Area. These compounds
differ in their contents and isotopic values for single-atom sulfur. The analysis results show that modifications of crude oil
by thermochemical sulphate reduction (TSR) may be the cause of the differences. There is less tetrahydrothiophenes and
thioadamantanes in the crude oil not modified by TSR. As crude oil is increasingly modified by TSR, the total dibenzothiophene
(DBT) concentration increases. This indicates that DBTs are probably formed during TSR. Meanwhile, non-TSR-modified
crude oil samples were compared to highly TSR-modified condensate oil samples from Cambrian reservoirs for their sulfur
isotopic values and total thioadamantane concentrations. It was found that TSR can also change the sulfur isotopic values of
crude oil. The DBTs and thioadamantanes in the highly TSR-modified crude oil samples have sulfur isotopic values of from
36 %o to 40 %o. In contrast, the DBTs in slightly TSR-modified and non-TSR-modified crude oil from Ordovician reservoirs are
mainly from cracking of source rocks; thus, their sulfur isotopic values are relatively low (~20%o) near that of kerogen in the
Cambrian reservoirs. Thus, it is believed that the crude oil extracted from the Ordovician reservoirs in the Tarim Basin is mainly
from Cambrian source rocks and the crude oil with higher organic sulfur isotopic values is mostly caused by TSR modification.
Keywords: Tazhong Area; sulfur-containing compound; sulfur isotope; thermochemical sulphate reduction (TSR); Thioadaman-
tane
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Fig.1 The location of Tazhong Uplift
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Fig. 2 Geological structures and locations of crude oil sample wells of Tazhong Uplift
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Tab. 1 Physical properties of crude oil attribute samples

kS A1 TR /m B (gem™)  FUE/%  SBE/% WA/ % JFRE/%  BEBU% Wit %
ZS1C € 6 861~6 944 0.9300 2.80 2.06 0.29 0.18
ZG46 Oy 5039~5 367 0.802 8 7.08 0.42 83.80 13.70 0.43 0.04

TZ83 Oy 5666 0.8319 23.00 0.36 88.30 10.40 1.30 0
TZ201C Oy 5430~5779 0.8050 4.70 0.28 83.40 9.60 1.20 5.80
ZG43 Oy 4980~5 334 0.799 7 7.89 0.22 88.60 8.50 0.47 0.06
ZG431 O,y—0sl 5362~5463 0.8110 6.40 0.48 1.91 0.11

ZG5 Oy 6351~6 460 0.7820 5.10 0.22 73.70 3.80 21.50 1.00
ZG501 05l 6100 0.794 0 6.63 0.05 87.40 6.50 1.10 5.10
ZS1-L €, 6439~6 458 0.7890 6.40 0.61 93.00 4.50 0.60 2.00
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Tab.2 Chemical structure and characteristics of sulfur compounds
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Fig.3 Chromatography-mass spectrometry of 1-thiaadamantane compounds (Taking ZS1C sample as an example)
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Tab.3 Concentration of sulfur compounds in crude oil samples

s AL VR /m TIs/(ug-g™')  BTs/(ugg™') DBTs/(ugg™) TAs/(ug-g™")

ZS1C € 6 861~6 944 77.2 53 32288.0 1936.6

7G46 Oy 5039~5 367 36.9 1.7 195.8

TZ83 Oy 5 666 4.6 3.8 2526.1 140.2
TZ201C Oy 5430~5779

7G43 Oy 4 980~5 334 89.3 1.8 40.7
7G431 O,y—0sl 5362~5 463 27.2 2.8 22.3

7G5 Oy 6 351~6 460 106.8 0.6 2021.1 104.2
ZG501 0;l 6 100 2.9 1.3 2432.8 27.7
ZS1-L €, 6439~6 458 3.7 479.0 19.0
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Tab. 4 Sulfur isotope value of

x4 BEOHMUSYREMEE

sulfur ¢

P

nds

%o

DU S ERY (TIs) Bt [ 137 35

v o
s C;-TI  Cg-TI Co-TI Cyo-TI RA]
ZS1C  36.0 37.0 385 383 37.4
7ZG46 204 20.2 19.6 20.9 20.3
TZ201C 21.1 21.9 20.4 227 215
TZ83 21.7 243 25.0 23.7
ZG43 233 23.7 235
7G431 24.0 229 235
ZG5 249 24.0 24.4
ZG501
ZS1-L
. HIFHEVY (BTs) BRI 2 {8
3/4-MeBT DMeBT!*  DMeBT2* TMeBT!*  TMeBT? TMeBT?* C4-BT"*  C4-BT S
781C 40.4 404
7G46 232 28.5 28.8 33.8 29.0 38.8 35.9 31.1
TZ201C 20.6 26.1 25.7 30.4 27.1 35.0 33.1 283
TZ83 223 19.6 21.1 20.0 20.1 21.1 20.7
7G43 253 235 23.9 24.1 243 24.6 24.0 242
ZG431 23.4 221 22.8 21.9 233 19.7 21.8 22.1
7G5 242 220 20.8 21.0 223 22.1
7G501 253 222 26.1 24.0 25.0 22.0 24.1
ZS1-L 212 252 233 23.6 233
b T AITHERY (DBTs) B [6l 7 Z {H
DBT 4-MeDBT 3/2-MeDBT 1-MeDBT 4-EtDBT 4,6-DMeDBT  2,4/2,6/3,6-DMeDBT DMeDBT TMeDBT!* TMeDBTZ V-1
ZS1C 369 36.7 36.7 38.5 36.0 36.0 36.3 343 34.4 36.2
ZG46 246 26.7 26.3 29.0 30.3 27.5 29.1 293 30.6 320 285
TZ201C 19.6 21.6 21.6 23.1 252 23.9 25.1 254 26.7 292 241
TZ83 184 17.6 18.3 19.0 17.0 16.9 17.9 18.8 17.0 17.9
ZG43 174 17.9 17.3 20.1 18.9 17.4 17.8 17.8 17.9 18.0 18.0
ZG431  16.0 155 15.6 17.7 17.4 16.0 16.1 15.7 162 15.7 162
ZG5 187 17.3 17.8 19.6 18.9 162 16.8 183 163 16.7 17.7
7ZG501 185 19.9 19.8 20.5 19.7 20.1 20.1 19.9 20.1 20.4 19.9
ZS1-L 230 221 22.1 24.4 223 20.3 212 20.8 19.4 20.3 21.6
o SRR ARG (TAs) BRI % (8
5,7-DMe/3,5,7-TMe-TA 5-Me-TA 1,5-DMe/1,5,7-TMe-TA  1-Me-TA  1,3-DMe-TA  C,/C3-TA  1,3,7-TMe-TA 1,3,5-TMe-TA V-
781C 40.4 38.4 39.6 39.0 39.9 39.6 39.4 414 39.7
7G46 39.8 38.8 39.8 37.6 40.3 36.5 36.8 38.5
TZ201C 372 37.9 38.7 37.8 393 402 418 39.0
TZ83 247 24.1 25.8 26.6 24.4 253 25.4 25.8 253
7G43 227 235 223 22.8 234 246 232
ZG431 225 24.8 25.6 22.8 26.2 27.8 24.9
7G5 226 252 249 25.0 24.6 232 23.8 242
ZG501 227 23.1 233 254 222 23.1 245 235
ZS1-L

H: MeBT— HI 5L 28 31 HE W) ; DMeBT— — Y 2L 45 51 ME WS ; TMeBT — — I 3L 4 I ME My, DBT— — K Jf- ME WY ; MeDBT— H 3 — 4 Jf e Wy,
DMeDBT— — Hl 3 — JEFFBEMY ; TMeDBT— = 1 3 4 IFEMY ; Me-TA— F R — 8 i A0 4 Rk s DMe-TA— — H 3 — S Wi A0 4 W% ; TMee-
TA—=WIE—EHACERILE; " —R— LA R FAA, 76 GC-MS 1§ E L, A1k A W st R AR, Sk LU 2 55— &
RENLE , BT L EAREC T T IX 4
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Fig. 4 Sulfur isotope value distribution of dibenzothiophene
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Fig. 5 Sulfur isotope value distribution of 1-thiaadamantane
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