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Fig.1

ER

Distribution map of the coal accumulation environment and sampling wells in the Lower Permian of the Ordos Basin
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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 mea-

sures in the Ordos Basin

I R /m = A a ¢ d e f
WD-1 KRk Ps k) 1.82 0.20 9.00 -75.00(1) — 0.51
WD-3 Mk Ps PLS 51.95 25.77 67.00 ~76.44(1) 0.66 0.52
WD-11 Mok P ke 4.15 0.33 8.00 ~75.74(10) — 0.56
WD-14 HFFE Cy ks 1.44 0.10 5.00 -68.14(1lN) 0.87 0.60
WD-17 ES TN Cy 1 65.26 0.13 10.00 -78.78(1l) 0.94 0.80
WD-23 Tk C,j ke 3.11 0.27 8.00 -70.18(1) — 0.78
WD-40 Mo I C,j PLS 39.94 0.65 1.00 — — 0.69
PL-2 Moz k Ps ke 1.69 220 107.00 -46.18(1ll) — 0.44
BD-2 HHRFEk Ps P 43.88 10572 200.00 -73.70(1I1) 0.68 0.46
BD-3 KRk Ps ke 5.38 351 51.00 -79.52(1) — 0.47
BD-13 EIES SR P P 38.48 24.14 45.00 -75.00(1) 0.66 0.55
BD-16 Mo P R A 10.89 1745 105.00 -74.30(1) — 0.47
LL-9 ok P [l 10.00 0.68 4.00 -72.62(1l1) 1.23 0.60
HC-1 KRk P [l 17.39 0.81 3.00 -75.19(1IN) 1.33 0.74
cc-2 HRFR R Ps [ 3sivlas 6.91 2.52 27.00 -76.64(1) 1.58 0.84
CC-6 Mk P PLS 49.96 27.55 44.00 ~76.05(1l) 1.59 0.84
CC-10 LE S-S5 Cb P 33.18 1.16 2.00 ~75.00(1I) 1.63 0.64
A1 2619.35~2 619.47 Ps ) 1.14 0.47 31.00 -79.17(1) 1.03 0.74
A1 2697.68~2 697.77 Ps e 33.05 69.45 36.00 ~75.44(1) 1.15 0.82
i 20 2696.11~2 701.95 P,sh e 2.20 1.10 24.00 -69.64(1l) 1.16 0.77
1120 2744.40~2 749.41 Ps BRI 23.54 53.13 49.00 -73.39(1l) 1.20 0.79
LL-2 Rk Ps PLS 54.54 89.13  110.00 -76.53(1) 113 0.66
1120 2733.60~2734.84 P s 62.22 7.87 40.00 -57.14(1) L12 0.80
7527 3155.03~3 155.97 Ps e 2.51 2.05 48.00 -79.17(1) 0.82 0.57
J27 3157.37~3 158.08 Ps 1t 4409 13652 309.00 -67.41(1) - 0.54
#27 3223.19~322345 G P 5843 14179 328.00 -78.71(1) 0.88 0.57
WD-9 Rk P ot 63.03 63.03  152.00 -76.62(1l) 0.87 0.62
In27 3184.46~318506 Py s 63.14  209.63  252.00 -72.88(1l) 0.86 —
727 3185.06~3 185.38 Ps WLt 6.85 17.30  200.00 -73.85(1) — 0.58

i :a. TOC/% 5 b. S+S,(mglg) ; c. Hl(mg/g); d. TI {8 S TR AR ZE 0,

e. R /% s {. F1; H b TI= (J& J¢ 4 5 4k #100+ 58 J5T 4 3 ik * 100~ 52 it

4B 1 *75-16 TR 4L & B +100) 5 HI=S,/TOC*100 5 F1=(3-MP+2-MP)/(1-MP+9-MP+3-MP+2-MP).,

JEVRLH ;s THHE R T-78.78~-57.14; LU I B T W& AR Ny
LA ST A AE s R AT 0.66%~1.63%, T,
432 C~537 C(ER 1), RYAHLETRGE AL TR
— A B BRI A TOC AT 6.85%~23.54%,
WA s E B A, A e A | e A RN A R
2H 5 THHE B T-76.64~-72.62, LI I BT B AR Ky 3=
R AT T 1.20%~1.58%, T, ST 434 C~562 C(F£ 1),
A ML A AL A T A — = A B, e
TOC AT 1.14%~5.38% , {541 43 & 5 B Jo 4H A s okt
W, JLPAE 7 BT A R Ve 4 s TLHE £ T -79.52~
-46.18, DL Y+ F& AR 54 3 5 R A F 0.82%~1.16%,
T, I F 437 C~565 C(F 1), KA YL L
TR — BB B

2 ZER51THE
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FRIEG AL A W H W T % B Rk i) %o 58 O 22 3 7
I R IR VR 5 AT GC-MS 43 , 2R 48 % 5 AR 31
C,y \Ts 5 C,Ts . C, E F1 29Nsp DU Fh 2 74 5 2 doe (1]
2) . PURhE A E HEE DA S W T DT 43 300 oy - B
R H HEFE B¢ R 91> 1 7o H)- F HEFE BE R 51>18a(H)-
B bt 3 B >28,30- [ -21- WYL o HE AE b R )
(29Nsp)™,

Cay \CooE 70T FUE AL I FEAAH R] (] 3a,b) ,
A3 m/z 412 Flm/z 191, P& Fe KA X AR R & A
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P2 SRR 2 M b bty A S ORI R e 0 R i mi/z 191 5T €535 14
(a) 4 & F R AR BRI UE , WD-9, Cot B, €, /C, H> 15 (b) i F TR 2 R AR 11 20,2 733.6~2 734.84 m, P s A, 0.2<C, /C, H<1; () IEF
B B AR RIS L CC-6, P L C /C, H<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, C.t, coal, C,,"/C, H>1; (b) High abundance rearranged hopane coal measure source

rocks, Yu 20,2 733.6~2 734.84 m, P s, B 0.2<C30*/C30H<l; (¢) Low abundance rearranged hopane coal measure source rocks, CC-6, P ¢, coal, CSO*/C]OH<0.2
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K3 C, B SE (a) (CyTs , Cyp P PR HEHEE B2 (b, o) F1 29Nsp (d ) it 33 ] 1 25 4 2Rp iE
Fig.3 Mass spectrogram and structures of C,, diahopane(a), C,,Ts, C,.early-eluting rearranged hopane(b, ¢), and 29Nsp(d)*"
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5 2Z XN, B 3, d R C,0Ts . 29Nsp 731 55 1
U FNBE AR AR IR , 20 5 2 m/z 398 Film/z 191, Tl & m/z
177 851 ABXS B0 , 1 5 5 m/z 369 B v S =
AR R 225
2.1.2 WA R FHEE bAoA d b A R

5K ST S53E 2k RS 7K 22 1 4 i A K 2 AN ] g
T8 1 7o H)- SR HERE e 0 A R ik S b 5T 72 AT
5%, R Cy'/Cy H HAERKS B HEE e i) 2 B 43R = A5
GRS R E A (C,1C,H> ) &
i HE R B (C,,/C, H=0.2~1.0) R 3 BF & HE7E e
(C,)/C,H<0.2) o MRHRIFNEE GC-MS ZrHr &5 5, Ak
5 i FH A R R e i b S e F B A

Bt 3AFE L L R B R 5 AR A LR L
HEFE bt FEARNT AR (2 2) o

Cy CyyTs . C, E Fl129Nsp DU Fh A B HEFE It 5 2
[ ke 5070 e 1) LU (B 2R R AR AR RL ) A2 Ak i 3, B S
o B R HE RS e R S L, /C H L G Ts/CoH  C B/
Cy,H 1 29Nsp/CoH Al 5 i, IR 2 0 1 3 B HEAE
B AR A, ARG =F B 5 HE RS e A i rh 3 2 U B A 11K
WV, FIFH C,,'/Co H ELAE A FRHE R o U8 5 T HE
TR, 5 C,Ts/CH | Cy E/C,H F1 29Nsp/
CooH FUAEL S B 1 AN [) =F B FHE AR B AR U5 A A b L
A RAFPME T, seAh, DRSS RUA [ 5 5 A
B AR ARIE AR AN . B S — s
BERE S Y €,y /Co,H L C E/C, H AT 29Nsp/C, H iX 3 ~5
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Table 2 Parameters of rearranged hopanes from the Upper Palaeozoic coal measure source rocks

in the Ordos Basin

= FH/m a b c d e f R
WD-1 258k 0.14 0.09 0.21 0.34 0.01 0.04
WD-3 HhFHE K 0.13 0.06 0.06 0.08 0.01 0.03
WD-11 bR K 0.16 0.16 0.42 1.08 0.03 0.07
WD-14 5 % 0.07 0.09 0.36 0.86 0.01 0.04
WD-17 Hh % % 0.08 0.10 0.38 0.87 0.01 0.06
WD-23 Hh w3k 0.08 0.11 0.39 0.93 0.01 0.03
WD-40 bRk 0.08 0.10 0.39 0.96 0.01 0.05
PL-2 Rk 0.10 0.03 0.02 0.04 0.01 0.02
BD-2 Hh sk 0.05 0.02 0.02 0.02 0.01 0.01
BD-3 Hh w5k 0.06 0.03 0.03 0.02 0.01 0.02 ik
BD-13 Hh 5%k 0.06 0.02 0.03 0.02 0.01 0.02 +
BD-16 Rk 0.06 0.03 0.03 0.03 0.01 0.01 =
LL-9 b5 % 0.08 0.10 0.37 1.02 0.02 0.01 i
HC-1 Hh Rk 0.08 0.09 0.39 0.96 0.01 0.02 -
CcC-2 b5k 0.07 0.10 0.35 0.76 0.01 0.30 Z
CC-6 R K 0.06 0.09 0.37 0.82 0.01 0.11
CC-10 b HE % 0.08 0.10 0.38 0.97 0.01 0.05
W1 2619.35~2619.47 0.18 0.14 0.40 1.16 0.06 0.09
X1 2697.68~2 697.77 0.14 0.12 0.35 1.07 0.02 0.15
i1 20 2696.11~2701.95 0.09 0.11 0.33 0.99 0.01 0.06
120 2 744.40~2 749.41 0.19 0.11 0.33 0.95 0.06 0.09
LL-2 Hh 5k 0.66 0.37 0.28 1.29 0.18 —
120 2733.60~2 734.84 0.26 0.16 0.35 1.00 0.04 0.34
Jh27 3155.03~3 155.97 0.72 0.36 0.47 0.87 0.18 0.18 [
27 3 157.37~3 158.08 0.82 0.49 0.28 0.68 0.29 0.48
Fh27 3223.19~3 223.45 0.97 0.75 0.48 1.38 0.27 0.14
WD-9 HhFHE K 1.66 1.32 0.70 3.83 0.56 0.38 [=A
J27 3 184.46~3 185.06 1.56 0.91 0.44 1.38 0.53 0.69 L1
27 3 185.06~3 185.38 1.10 0.72 0.44 1.30 0.27 0.17 e

& :a. Cm*/CmH ;b. Cz;/CZQH se. Gy Ts/CyH 5 d. Ts/Tm s e. Gy E/C,,

H ; f. 29Nsp/C,H .
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Table 3 Internal composition characteristics of rearranged hopane compounds with different abundances

in coal measure source rocks

TS A AT LA

TAHERELEIAL A AR 1 0 5 k1%

SR
~F *p ~ ~ ~
C,, /C, H C,,Ts/C, H C, E/C, H 29Nsp/C, H Cooiz0 CTs+Ts CE 29Nsp
g 0.05~0.19 0.02~0.42 0.01~0.05 0.01~0.15 8.43~72.18 23.74~91.57 0~14.87 0~26.24
N 0.10 0.27 0.02 0.06 36.04 5491 3.88 5.17
2 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
= 0.69 0.37 0.16 0.29 51.89 27.52 9.81 10.78
=4
1=
s 1.10~1.66 0.72~1.32 0.30~0.64 0.17~0.69 55.70~60.45 16.94~23.87 11.24~16.89 4.28~11.21
i 1.44 0.53 0.52 041 58.19 20.40 14.76 6.65
1=
iy C29+3()7$H X E ﬁ/gizczwmvé\ﬁ/z ( Coguz HCyg Ts#Ts+C, E+29Nsp ) E L HA T A
20r 0.8
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Fig.4 Relationship of rearranged hopane compounds with different abundances in the same types of coal measure source rocks
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Table 4 Upper Paleozoic coal measure source rock sedimentary environment and parent material source related

parameters in the Ordos Basin

Pins I /m TUEUH a b ¢ d e f HR
WD-1 Rk R U A P 0.16 0.71 0.13 0.78 0.10 0.30
WD-3 JiESSS FRIGIEAH 0.02 3.84 0.04 0.76 0.03 0.10
WD-11 Mgk T = FN e 0.16 1.13 0.27 0.19 0.15 0.50
WD-14 bz 3k hahiibyread 0.14 0.90 0.19 0.14 0.13 0.52
WD-17 sk T 0.16 0.80 0.36 0.29 0.16 0.62
WD-23 HhFedEk THEEE e 0.19 0.63 0.73 0.05 0.15 0.56
WD-40 Hh e T BT 0.21 0.34 0.61 0.14 0.21 0.70
PL-2 Rk IR R 0.02 3.54 0.48 0.74 0.02 0.05
BD-2 JilESSS FRIG IR 0.02 2.86 0.21 0.77 0.02 0.17 &
BD-3 K EE L R TR RV 0.05 2.49 0.14 0.68 0.03 0.22 +
BD-13 3Rk T = AN e R BT 0.03 5.29 0.23 0.65 0.02 0.09 B
BD-16 Rk T = AN 0.03 2.28 0.32 0.67 0.01 0.15 0
LL-9 K EE L TR e BT 0.17 0.54 0.91 0.12 0.23 0.69 Eil2
HC-1 MRSk TR S B 0.16 0.32 0.75 0.70 0.23 0.76 7
cc-2 Rk RGBT 0.15 0.63 0.81 0.17 0.15 0.79 e
CC-6 JilES S8 TERE pe BT 0.15 0.72 0.75 0.23 0.17 0.49
CC-10 Hh ek T s 0.16 0.65 0.61 0.38 0.19 0.72
W1 2619.35~2 619.47 FRIE AT PE 0.17 0.45 0.21 0.06 0.21 0.69
W1 2 697.68~2 697.77 FRIG TR BHE 0.15 0.48 0.37 0.13 0.18 0.74
11 20 2696.11~2 701.95 AT IR B SRR 0.17 0.52 0.24 0.07 0.20 0.93
i 20 2 744.40~2 749.41 AR T 0.18 0.38 0.44 0.16 0.25 0.98
LL-2 Rk ViR A by alirE S 0.23 0.97 0.59 0.33 0.27 0.96
1y 20 2 733.60~2 734.84 AU e SRR 0.18 0.39 0.38 0.18 0.24 1.10
J27 3155.03~3 155.97 R G P 0.10 0.83 0.27 0.40 0.24 0.64 [
27 3157.37~3 158.08 RGeS P 0.06 2.10 0.25 0.52 0.24 0.74
7527 3223.19~3223.45 TR Ie AR 0.12 1.07 0.19 0.61 0.39 0.80
WD-9 Mgk T = e 0.13 1.19 0.45 0.45 0.54 1.45
5
727 3 184.46~3 185.06 ZoE Q1LY QrEhE 0.13 2.07 0.31 0.60 0.45 1.25 kit
9527 3185.06~3 185.38 G IR 0.12 3.35 0.37 0.51 0.36 0.82
TE :a. G/C,H s b. P/Phjc. 3 SF/I (SF+F); .3 OF/S (OF+F) ;s e. (Cp+C, ) TT/C, H s £, 3 B 65 452 /C, 1 H o
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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, Tianjin 300459, China

Abstract: [ Objective] We explored the distribution pattern, composition characteristics, and main controlling fac-
tors of four types of high-abnormally high abundant rearranged hopanes in coal measure source rocks in the Ordos Ba-
sin.[ 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: 17a (H) -rearranged hopane series (C,,’), 18a(H) -neohopane series (Ts and C,,Ts), early-eluting rear-
ranged hopane series (C,E), 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 in-
ternal 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 correla-
tion between C,,/C,, hopane and C,,/C,, hopane, C,,Ts/C,, hopane and Ts/Tm. The correlation between different types
of rearranged hopanes is different. The correlation between C,,/C,, hopane, C,E/C,, hopane and 29Nsp/C,, hopane is
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good, but the correlation between C,,Ts/C,, hopane and the other three is poor, indicating that the formation mecha-
nism of different types of rearranged hopanes may differ. In addition, the relative abundance of 17a (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 evo-
lution 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 0.80% and 0.90%) , 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 (C,+C,) tricyclic terpane (TT)/C,, hopane and regular
sterane/C,, ;5 hopane in samples with high-abnormally high abundance and the ratios of rearranged hopanes to hopanes
with the same carbon number (C,,/C,, hopane, C,,F/C,, hopane, 29Nsp/C,, 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. [ Conclusions ] Based on the same evolution path and for-
mation mechanism of the same types of rearranged hopanes, there are 17a (H) -rearranged hopanes with high-abnor-
mally high abundance, early elution rearranged hopanes, and 28,30-dinor-21-methyl rearranged hopanes in the coal
measure source rocks, which formed in the sedimentary environment with Pr/Ph values between 1.00 and 2.00 and a
gammacerane index between 0.10 and 0.13, and the biological precursors are mainly bacterial hopanes. The forma-
tion of high-abnormally high abundance 18a (H) -neohopanes is mainly controlled by the biogenic parent material of
organic matter, which may be limonene or C,, hopane compounds.

Key words: rearranged hopane; main controlling factors; sedimentary environment; coal measure source rock;
Ordos Basin



