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Fig.1 Distribution map of the coal accumulation environment and sampling wells in the Lower Permian of the

Ordos Basin and comprehensive histogram of the study area (modified from reference [22])
(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; and (c)

comprehensive histogram of the study area
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Table 1 Introduction of source rock samples and basic geochemical parameters of the Upper Paleozoic coal
measures in the Ordos Basin

5 R /m JEL = a b c d e f
WD-1 R 7k Pis H 1.82 0.20 9.00 -75.00(111) / 0.51
WD-3 b 7k Pis I 51.95 25.77 67.00 -76.44(111) 0.66 0.52
WD-11 R #E k Pt eH 4.15 0.33 8.00 -75.74(110) / 0.56
WD-14 iﬂﬁéé&k Cy H 1.44 0.10 5.00 -68.14(110) 0.87 0.60

WD-17 Cy o 65.26 0.13 10.00 -78.78(11I) 0.94 0.80
WD-23 Cy A 3.11 0.27 8.00 -70.18(11I) / 0.78
WD-40 iﬂﬁéé&k Cy 1 39.94 0.65 1.00 / / 0.69
PL-2 Pis A 1.69 2.20 107.00 -46.18(111) / 0.44
BD-2 %k Pis P 43.88 105.72 200.00 -73.70(110) 0.68 0.46
BD-3 R 7k Pis H 5.38 3.51 51.00 -79.52(110) / 0.47
BD-13 Hh % 7 3k Pt 1 38.48 24.14 45.00 -75.00(111) 0.66 0.55
BD-16 Hh 2% 7 3k Pt BRI 10.89 17.45 105.00 -74.30(111) / 0.47
LL-9 R 7k Pt T e s 10.00 0.68 4.00 -72.62(110) 1.23 0.60
HC-1 Hh % 7 3k Pt TR e s 17.39 0.81 3.00 -75.19(111) 133 0.74
CC-2 Hh 2% 7 3k Pis BRI e A 6.91 2.52 27.00 -76.64(111) 1.58 0.84
CC-6 R 7k Pt I 49.96 27.55 44.00 -76.05(111) 1.59 0.84
CC-10 Hh % 7 3k Cab 1 33.18 1.16 2.00 -75.00(111) 1.63 0.64
1 2619.35-2619.47 Pis Vet 1.14 0.47 31.00 -79.17(11) 1.03 0.74
W1 2697.68-2697.77 Pis I 33.05 69.45 36.00 -75.44(111) 1.15 0.82
i 20 2696.11-2701.95 Pash Vet 2.20 1.10 24.00 -69.64(111) 1.16 0.77
K 20 2744.4-2749.41 Pis BRI e A 23.54 5343 49.00 -73.39(111) 1.20 0.79
LL-2 R 7k Pis I 54.54 89,13 110:00 -76.53(110) 1.13 0.66
¥ 20 2733.6-2734.84 Pis o 62.22 7.87 40.00 -57.14(11) 1.12 0.80
7527 3155.03-3155.97 Pis Vet 2.51 2.05 48.00 -79.17(11) 0.82 0.57
7527 3157.37-3158.08 Pis I 44.09 136.52 309.00 -67.41(111) / 0.54
7527 3223.19-3223.45 Cab o 58.43 141.79 328.00 -78.71(11) 0.88 0.57
WD-9 b 7k Pt 1 63.03 63.03 152.00 -76.62(111) 0.87 0.62
7527 3184.46-3185.06 Pis I 63.14 209.63 252.00 -72.88(11I) 0.86 /
7527 3185.06-3185.38 Pls BRRTEE 6.85 17.30 200.00 -73.85(111) / 0.58

##: a.TOC/%: b. Si+Sa(mg/g); ¢ HU(mg/g); d. TLH KL TRARIEL; e Ry/%;: £ Fl: HAp TI= (BB 4LE E*100-+5% 57 415 &*100-
BRSBTS R 4L E B *100); HI=S»/TOC*100; <E 1=(3=MP+2-MP)/(1-MP+9-MP+3-MP+2-MP)
o

(a)

(b)

(©)

B2 SRR M bk A R ORI R R JECE A m/z191 B (il K]
() REEFEEEARERRIEREES, WD-9 Cat i, Cu*/CaoH>1: (b) @ EREAERM AR, #1202 733.6~2 734.84
mPis #, 02<Cy*/CH<1; (¢) {REREFHMERMRIRUS, CC-6 Pt HE,  Cs0*/C30H<0.2
Fig.2 Mass chromatogram of the Upper Palaeozoic coal measure source rocks in the Ordos Basin (m/z 191)
(a) Abnormally high abundance rearranged hopane coal measure source rocks, WD-9 Cst coal, C30*/C30H>1; (b) High abundance rearranged
hopane coal measure source rocks, Yu 20 2 733.6~2 734.84 m Pis #i, 0.2<<C30*/C30H< 1; (c) Low abundance rearranged hopane coal
measure source rocks, CC-6 Pz coal, C30*/C30H<<0.2
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Fig.3 Mass spectrogram and structures of Czo diahopane(a),C29Ts,Caoearly-eluting rearranged hopane(b, c), and
29Nsp(d)i?4
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PE, CooTs/CooH 5 iR =F B IEAH A E (B 5), XIERAF SR HHEE e R &%
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Table 2 Parameters of rearranged hopanes from the Upper-Palaeozoic coal measure source rocks in the

Ordos Basin

5 % /m a b c d e f %
WD-1 %5k 0.14 0.09 0.21 0734 0.01 0.04

WD-3 b 2 78 Sk 0.13 0.06 0.06 0:08 0.01 0.03
WD-11 %5k 0.16 0.16 0.42 108 0.03 0.07
WD-14 2 %5k 0.07 0.09 0.36 0.86 0.01 0.04
WD-17 b 2 78 Sk 0.08 0.10 0.38 0.87 0.01 0.06
WD-23 %5k 0.08 0.11 0.39 0.93 0.01 0.03
WD-40 b %5 3k 0.08 0.10 0.39 0.96 0.01 0.05

PL-2 b2 78 3k 0.10 0.03 0.02 0.04 0.01 0.02

BD-2 2 %k 0.05 0.02 0.02 0.02 0.01 0.01 1
BD-3 b %5 3k 0.06 0.03 0.03 0.02 0.01 0.02 ¥
BD-13 b2 78 3k 0.06 0.02 0.03 0.02 0.01 0.02 #*
BD-16 %5k 0.06 0°03, 0.03 0.03 0.01 0.01 ij
LL-9 b %5 3k 0.08 0.10 0.37 1.02 0.02 0.01 i
HC-1 b2 78 Sk 0.08 0:09 0.39 0.96 0.01 0.02 e
cC-2 2 %k 0.07 0,10 0.35 0.76 0.01 0.3 EE;
CC-6 b %5 3k 0.06 0.09 0.37 0.82 0.01 0.11 v
CC-10 b 2 78 Sk 0.08 0.10 0.38 0.97 0.01 0.05

M1 2619.35-2619.47 0.18 0.14 0.40 1.16 0.06 0.09

M1 2697.68-2697.77 0.14 0.12 0.35 1.07 0.02 0.15

#i 20 2696.11-2701.95 0.09 0.11 0.33 0.99 0.01 0.06

Hi 20 2744.4-2749%41 0.19 0.11 0.33 0.95 0.06 0.09

LL-2 b2 ok 0.66 0.37 0.28 1.29 0.18 /

#i 20 2733.6:2734.8% 0.26 0.16 0.35 1.00 0.04 0.34

I 27 3155,03-3155.99 0.72 0.36 0.47 0.87 0.18 0.18 e
7527 3157.37-3158.08 0.82 0.49 0.28 0.68 0.29 0.48

75 27 3223.19-3223.45 0.97 0.75 0.48 1.38 0.27 0.14

WD-9 b %5 3k 1.66 1.32 0.70 3.83 0.56 0.38 5
7527 3184.46-3185.06 1.56 0.91 0.44 1.38 0.53 0.69 1
75 27 3185.06-3185.38 1.10 0.72 0.44 1.30 0.27 0.17 [

¥E: a.C30%*/C30H; b.Ca0™/CoH; ¢.Ca9Ts/CaoH; d.Ts/Tm; e.C30E/C3oH; f.29Nsp/CaoH
®3 BRARREDPIRFEEEHERLNSYIPEMEHE

Table 3 Internal composition characteristics of rearranged hopane compounds with different abundances in

coal measure source rocks

TS R T

HEE R AN A SR (%)

e C30*/C30H
&
Ca9Ts/CaoH C30E/C3oH 29Nsp/CaoH Cag430* CooTs+Ts C3E 29Nsp
© 0.05~0.19 0.02~0.42 0.01~0.05 0.01~0.15 8.43~72.18 23.74~91.57 0.00~14.87 0~26.24
0.10 0.27 0.02 0.06 36.04 54.91 3.88 5.17
- 0.26~0.97 0.16~0.75 0.05~0.26 0.18~0.48 39.38~58.68 16.77~35.67 3.31~12.65 3.20~19.33
W 0.69 0.37 0.16 0.29 51.89 27.52 9.81 10.78
1.1~1.66 0.72~1.32 0.3~0.64 0.17~0.69 55.70~60.45 16.94~23.87 11.24~16.89 4.28~11.21
S 1.44 0.53 0.52 0.41 58.19 20.40 14.76 6.65
=1

VE: Coorso* FHXT 435 Bi= Caos30™ &G B/ (Cagis0*+CaoTs+Ts+C30E+29Nsp) &rim, HAh [ /& & J5HE,
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Composition Characteristics and Genesis of Four Types of
High-Abundance Rearranged Hopanes in Coal Measure
Source Rocks: A Case Study of Upper Paleozoic Strata in the
Ordos Basin

ZHANG WenJun'?, LIN ShuMin!, KE Xing', ZHANG Min'
1. Hubei Key Laboratory of Petroleum Geochemistry and Environment (School of Resources and Environment, Yangtze University),
‘Wuhan 430100, China

2. Tianjin Branch of CNOOC Ltd, 300459, China

Abstract: [Objective] We explored the distribution pattern, composition characteristics, and main controlling factors
of four types of high-abnormally high abundant rearranged hopanes in coal measure source rocks in the Ordos Basin.
[Methods] The saturated hydrocarbons and aromatic hydrocarbons of 29 coal measure source rocks in the Upper
Paleozoic of the Ordos Basin were analyzed in detail using gas chromatography-mass spectrometry (GC-MS).
[Results] Based on the peak order and retention time of the compounds, GC-MS analysis of the coal measure source
rocks in Ordos Basin was conducted. Four types of rearranged hopanes with different abundances were
systematically identified: 170 (H) -rearranged hopane series (Cso"), 18a(H) -neohopane series (Ts and CaoTs),
early-eluting rearranged hopane series (C3oE), and 28,30-dinor-21-methyl rearranged hopane series (29Nsp). The

peak order of the four types of rearranged hopane compounds is: early-eluting rearranged hopane series > 17a (H)



-rearranged hopane series > 18a (H) -neohopane series > 28,30-dinor-21-methyl rearranged hopane series (29Nsp).
The study of the internal composition of these four types of rearranged hopane compounds in the coal measure source
rocks in the study area shows good correlation between the same types of rearranged hopane compounds; that is,
there is a good correlation between Cszo*/C3o hopane and Ci0*/Ca9 hopane, CTs/C hopane and Ts/Tm. The
correlation between different types of rearranged hopanes is different. The correlation between C3o*/C3o hopane,
C30E/C30 hopane and 29Nsp/Ca9 hopane is good, but the correlation between Ca9Ts/Ca9 hopane and the other three is
poor, indicating that the formation mechanism of different types of rearranged hopanes may differ. In addition, the
relative abundance of 170 (H) -diahopane series, early elution diahopane series, and 28,30-dinor-21-methyldiahopane
series (29Nsp) in the coal measure source rock samples is significantly affected by water redox and salinity
conditions. With the increase of thermal evolution degree of organic matter, the relative abundance of these
rearranged hopane compounds shows an approximate normal distribution. In the peak stage of oil generation (R, is
between 0.8% and 0.9%), the relative abundance of high-abnormally high abundant rearranged hopanes compounds
reaches the peak, but maturity has little effect on low abundance rearranged hopanes. Furthermore, the ratios of
(Cagt+C) tricyclic terpane (TT)/Cso hopane and regular sterane/Cso-35 hopane;in samples with high-abnormally high
abundance and the ratios of rearranged hopanes to hopanes with the same¢ carboniumber (Cso */Cso hopane, C30E/Cso
hopane, 29Nsp/C»9 hopane) have clear positive correlations, revealing that the biogenic materials of high-abnormally
high abundant rearranged hopanes compounds are primarily lower aquatic organisms and bacteria and algae
compounds. [Conclusion] Based on the same evolution path and formation mechanism of the same types of
rearranged hopanes, there are 170 (H) -rearranged, hopanes with high-abnormally high abundance, early elution
rearranged hopanes, and 28,30-dinor-21-methyl rearsanged hopanes in the coal measure source rocks, which formed
in the sedimentary environment with Pr/Ph values betweeh 1.00 and 2.00 and a gammacerane index between 0.10 and
0.13, and the biological precursors are mainly bacterial hopanes. The formation of high-abnormally high abundance
18a. (H) -neohopanes is mainly controlled by the biogenic parent material of organic matter, which may be limonene
or Cz9 hopane compounds.

Keywords: Rearranged Hopane; ‘main jcontrolling Factors; Sedimentary Environment; Coal measure source rock;

Ordos Basin
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