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Fig.1 The distribution map of coal accumulation environment and sampling wells in the Lower Permian of the
Ordos Basin and the comprehensive histogram of the study area (modified from reference 241
(a) coal-accumulating environment and sampling well distribution map of the Lower Permian Shanxi Formation in the Ordos Basin; (b)
coal-accumulating environment and sampling well distribution map of the Lower Permian Taiyuan Formation in the Ordos Basin; (c) the

comprehensive histogram of the study area
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Table 1 Parameters of main biomarker‘compounds of the Upper Paleozoic coal-measure source rocks in the Ordos Basin

;ﬁgg IR 44 VR /m B B TOCRs  Ru% TondC  Pr/Ph %ﬁ: Ei%ﬁ? Zﬁgﬁm GICxH  CoTeT/CaTT

WD-1 Hh R 5 Sk Pis o 51.95 0.66 441 3.84 8.16 9.06 0.28 0.02 32.54

WD-2 % 72 k& Pyt PO 63.03 0.87 463 1.19 5.56 5.82 9.70 0.13 2.60

BD-1 Hh 7 72 K Pis PO 43.88 0.68 432 2.86 14.29 14.74 0.22 0.02 6.76

1% BD-2 % 72 k& Pyt I 38.48 0.66 435 5.29 3.11 2.68 0.34 0.03 5.63
BD-3 2 55 K Pit TR 10.89 / 434 2.28 5.14 3.50 0.22 0.03 11.61

75 27 It SU-1 3157.37~3 158.08 Pis o3 44.09 / 446 2.10 2.80 325 232 0.06 7.07

75 27 FF SU-2 3 185.06~3 185.38 Pis bk 6.85 / 450 3.35 1.42 1.97 5.08 0.12 2.39

WD-3 2 55 K Pis b= 1.82 / 543 0.71 0.55 1.43 2.99 0.16 2.34

WD-4 % 72 k Pyt A 4.42 / 518 1.13 0.21 1.16 425 0.16 0.55

WD-5 Hh 5% 73k Cy b= 1.44 0.87 505 0.90 0.09 1.01 4.64 0.14 0.51

WD-6 Hh 5% 73k Cy i 65.26 0.94 537 0.90 0.10 0.94 3.42 0.16 0.50

WD-7 % 72k Cy b= 3.11 / 565 0.63 0.11 1.02 4.47 0.19 0.51

WD-8 % 72k Cy I 39.94 / 499 0.34 0.03 0.75 4.99 0.21 0.51

LL-1 2 55 Sk Pis i 54.54 1.13 472 0.97 0.98 1.71 3.44 0.23 0.77

LL-2 2 55 Sk Pit TR 10.00 1.23 521 0.54 0.08 0.93 7.56 0.17 0.51

IS HC-1 2 55 Sk Pit TR 17.39 1.33 562 0.32 0.07 0.84 9.18 0.16 0.48
CC-1 Hh % 5 Sk Pis WITE 6.91 1.58 521 0.63 0.23 1.08 3.63 0.15 0.46

cCc-2 Hh % 5 Sk Pyt o 46.96 1.59 494 0.72 0.28 1.11 3.31 0.15 0.47

CC-3 2 55 K Cab i 33.18 1.63 517 0.65 0.07 0.81 4.62 0.16 0.46

M1 S-1 2619.35~2 619.47 Pis ekt 1.14 1.03 478 0.45 0.07 0.71 2.65 0.17 0.42

M1 82 2 697.68~2 697.77 Pis s 33.05 1.15 478 0.48 0.18 0.82 3.02 0.15 0.54

i 20 H Y-1 2696.11~2 701.95 Pash A 2.20 1.16 486 0.52 0.11 0.83 3.51 0.17 0.60

20 H Y2 2 733.60~2 734.84 Pis o 62.66 1.12 475 0.39 0.13 0.78 3.37 0.18 0.50

#r 20 HF Y-3 2 744.40~2 749.41 Pis IR I 23.54 1.20 474 0.39 0.08 0.71 479 0.18 0.62

75 27 F SU-3 3155.03~3 155.97 Pis ket 251 0.82 455 0.83 0.34 1.05 3.25 0.10 0.77

JIIES 7527 HF su-4 3 184.46~3 185.06 Pis 1 63.14 0.86 450 2.07 0.91 1.55 6.20 0.13 3.53
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Fig.4 < Relationship between the Upper Paleozoic coal-measure source rocks in the Ordos Basin
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Table 2 Geological-geochemical parameters of different types of triéyclic terpane distribution patterns in the Upper Paleozoic coal-measure source rocks in the Ordos Basin

ZIR T EAE N o
- - PRI EE SR BERR = IR
SR P R VR B IR A
Pr/Ph /T 1.19~3.84, CioTT/CosTT A+ F 1.42~14.29,
SEEAME Y 2.99; ¥ Cor HRIU $8 52/ X Cao FRIU §5 B2/ 0.10~0.71, SEIME Y 5.785
1% PR IBE (MhHﬁ?Qme& SPHME N 0.43; Cio~Coi TT/Co3~CosTT AT 1.97~14.74, FHIE N 5.86;
T ¥4{H4,0.065 Coa TUFRERE/Cos TT T 2.39~32.54, “F-HI1EH N 9.80 T ZIRHERE/CaoH - F 0.22~0.34,
PSR IiTa sy T 0.01~0:94, SEHIE J9 0.31 ?ﬂﬁﬁam
Pr/Ph FAKAT 0.34~0.90, PN
. T 0.61; ECo SO 558/ Coo S0 F 0.75-1.32, CioTT/CTT LT 0.03-034, FHIfE )y 0.16:
PRI TS Cio~C1 TT/Co3~CasTT FE A %0ﬂ1%,¥ﬂmﬁow;
IES - G/C3H /T 0.10~0.23, TIME N 1.08; S SRR Col AT 2.65-7.56
CIHTE i—t@mm 17; cmwmczm FHAT 0.42-0.77, FHIEH 0.54 ’;g‘{a X399 ’
R R RN T 1.22~9.43, TN 3.58 ‘
Pr/Ph HAE A 2.07; 3 Cor FI $8 42/ Cao FI 55 58 Ci1oTT/CoTT HUAE A 0.91;
IS Ve R G/C3oH LB A 0.13; LLAE K 0.48; Ci19-Co1 TT/Co3-CosTT LUAH Ky 1.55;
RIS AL BN 0.28 Cos IR E/Co6 TT HLAE A 3.53 Y ZEEHTE/CaoH HUAE N 6.20
#=3 SEFEARRK. TREMERREES FHENEH
Table 3 Molecular compound parameters of coal-measure source rocks with different ages and lithology in the Wuda section
N1 BN . . o CioTT/ Cio-C2iTT/ S et o et 1 X Cor B £ 452/
e P JE A ik CoTT Cor G T =HiEB/CoH  PPh G/CaoH BB/ EAY S o 1T 65 CaaTeT/CaosTT
1% WD-1 Pis R e B fs 8.16 9.06 0.28 3.84 0.02 0.01 0.10 32.54
IES WD-3 Pis R e B Vit 0.55 1.43 2.99 0.71 0.16 0.04 0.86 2.34
2% WD-2 Pyt W = AR PNE R Jos 5.56 5.82 9.7 1.19 0.13 0.94 0.40 2.60
1B WD-4 Pyt W = AR PNE R Rs 0.21 1.16 425 1.13 0.16 1.43 1.09 0.55
IES WD-5 Cy TR I T A 0.09 1.01 4.64 0.9 0.14 1.39 0.87 0.51
IS WD-6 Cy VEHTR R EE o 0.10 0.94 3.42 0.9 0.16 1.24 0.99 0.50
Ik WD-7 Cy R R FE Rs 0.11 1.02 4.47 0.63 0.19 47.22 0.99 0.51
Ik WD-8 Cy R R FE I 0.03 0.75 4.99 0.34 0.21 8.80 0.99 0.51
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Origin of Tricyclic Terpane in the Upper Paleozoic
Coal-measure Source Rocks in the Ordos Basin

LIN ShuMin'?, ZHANG Min!?, LI HongBo!*

1. Hubei Key Laboratory of Petroleum Geochemistry and Environment (School of Resources and Environment, Yangtze
University), Wuhan 430100, China

2. Key Laboratory of Exploration Technologies for Oil and Gas Resources (Yangtze University), Ministry of Education,

Wuhan 430100, China

Abstract: [Objective] Coal-measure source rocks in Ordos Basin are developed, and the content of tricyclic
terpane in saturated hydrocarbons is rich. However, the distribution patterns of tricyclic terpane show important

differences in the study area. Therefore, it is of great significance to explore the main controlling factors for these
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differences. [Methods] Saturated hydrocarbons of 26 coal-measure source rock samples in the Upper Paleozoic of
the Ordos Basin were analyzed in detail by gas chromatography and chromatography—mass spectrometry. [Results
and Discussions] According to the distribution characteristics of tricyclic terpanes (TTs), the source rock samples
in the study area were divided into three types of distribution patterns. The Ci9TT is the main peak of the type I
source rock, and the content of Ci9TT, C20TT and CoiTT gradually decreases. At the same time, the Pr/Ph ratio is
high, and the ratio distribution range is between 1.19 and 3.84, with an average value of 2.99. The content of Ca4
tetracyclic terpane is also rich in this type of sample. The ratio distribution range of Ca4 tetracyclic terpane/Cas
tricyclic terpane is between 2.39 and 32.54, with an average value of 9.80. Both Cas tricyclic terpane and Cao
tricyclic terpane are absent. This kind of sample is mainly humic coal and carbonaceous mudstone, revealing the
characteristics of a lacustrine facies sedimentary environment. By contrast, the tricyclic terpanes of type II source
rocks are dominated by C3TT, and the content of C19TT, C2TT and C2iTT gradually increases, whereas the Pr/Ph
ratio is low and the ratio distribution range is mainly within the range of 0.34 and 0.90, with an average value of
0.61. The content of Ca4 tetracyclic terpane is not abundant, and the ratio distribution range of Ca4 tetracyclic
terpane/Cas tricyclic terpane is mainly between 0.42 and 0.77, with an ave;age value of 0.54. Both the Cag tricyclic
terpane and Cyy tricyclic terpane are abundant.<In addition to ceal-measure mudstone, humic coal and
carbonaceous mudstone are present in these samples, and their sedi r)\e’;vironment is quite different from
that of type I source rocks. The distribution of tricyclic terpanes in type 11 Source rocks is in the middle of the type
I and type II source rocks. The main peak carbon of tricyclic terpane is Co3TT, whereas the relative content of
Ci9TT, C2TT and CoiTT decreases in turn with a stepwise distribution. In addition, the Pr/Ph ratio is 2.07 and the
C24 tetracyclic terpane/Cas tricyclic terpane.is 3.53,“ooth which are between the type T and type II source rocks.
[Conclusions] The results reveal that with an in;rease ofthe thermal evolution degree of source rocks, the total
amount of tricyclic terpanes shows a gradually increasing trend, although the distribution patterns of tricyclic
terpanes.in different types of source rocks have not changed significantly. To put it another way, the different
distribution patterns of tricyclic t&@:s‘in coal-measure source rocks in the study area are less affected by the

thermal evolution degree of O@Qma

parent material type.

. Rather, they are mainly controlled by the sedimentary environment and

Key words: tricyclic terpanes; main controlling factors; sedimentary environment; coal-measure source rock;

Ordos Basin
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