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Biomarker characteristics of Lower Paleozoic source rocks
in Chezhen Sag, Bohai Bay Basin
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Abstract: The biomarkers of the Lower Paleozoic carbonate rocks in the Chenzhen Sag of Bohai Bay Basin were stu-
died using GS—MS. Their sedimentary environment, organic matter origin and thermal evolution degree were dis-
cussed, and compared them with the Eogene source rocks. The normal alkanes showed a single-peak distribution, with
the main peak carbon varying between n-C,; and n-C,. Odd/even carbon number preference was not obvious, and
Pr/Ph ratio ranged from 0.37 to 1.2, showing a weak phytane dominance or a balance between pristane and phytane.
Hopane was the main terpane compound, with low tricyclic terpanes, high tetracyclic terpane, normal homohopane and
low gammacerane contents. The C,,, Cy, Cy regular steranes showed an asymmetrical “V” type distribution, with low
rearranged sterane and high 4-methyl rearranged sterane contents. Phenanthrene and tris-fluorene series were the main
aromatic compounds, lack of biphenyl and other higher plant imported biomarkers. The naphthalene series was abundant
while 1,2,5-trimethylnaphthalene and 1,2,5,6-tetramethylnaphthalene had a low abundance. Dibenzothiophenes were rich
and dibenzofurans were poor. Aromatic steranes were mainly triaryl steranes, and mono-aromatic steranes were absent.
These biomarkers indicated that the Lower Paleozoic source rocks were deposited in a reductive shallow sea environ-
ment,, mainly originated from fungus, algae and lower aquatic plankton, and were highly mature and over-mature. Four
saturated hydrocarbon biomarkers and five aromatic hydrocarbon biomarkers were chosen to distinguish source rocks in
the Lower Paleozoic and the Fogene, which provided evidence for oil and source correlation.

Key words: biomarker; carbonate source rock; Lower Paleozoic; Chezhen Sag; Bohai Bay Basin
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Table 1 GC of saturated hydrocarbons extracted from the Lower Paleozoic source rocks
in the Chezhen Sag, Bohai Bay Basin

(=227 WE/m B FWEGK OEP CPI nCyp/nChuny XCy-/XCyp+ Pr/Ph Pr/nCi; Ph/nCyg
CG201-1 3 274.1 0 Cos 1.26 1.74 0.60 1.08 0.64 0.49
CG201-2 3 278.5 0 Cos 1.13 2.11 0.52 1.12 0.59 0.36
CG201-3 3 287.9 0 Cig 0.99 0.97 2.83 3.52 1.10 0.47 0.38
CG201-4 3 486.6 0 Cys 1.17 1.18 0.34 0.78 0.40 0.33
CG202-1 3702.5 [0} Cos 1.15 1.07 0.37 0.37 0.71 0.70
CG202-2 4 047.5 (0} Cyy .11 1.20 3.86 2.39 1.81 0.17 0.14

DG675 3352.7 0] Cig 0.93 0.99 12.20 30.48 0.63 0.40 0.63

CG19 1795.8 € Cig 1.02 1.10 24.65 29.53 0.97 0.51 0.43
CG202-3 45622 € Cos 1.16 1.14 0.28 0.44 0.66 0.69
CG202-4 4 562.5 € Cig 093 1.04 2.29 3.99 1.14 0.37 0.31
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Fig.1 MS of terpanes and steranes of saturated hydrocarbon extracted from
the Lower Paleozoic source rocks in the Chezhen Sag, Bohai Bay Basin
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Table 2 Terpenoid biomarkers of saturated hydrocarbon extracted from
the Lower Paleozoic source rocks in the Chezhen Sag, Bohai Bay Basin
. NI CHLEEL 7 e 7 Cooflibt/ y-Mike/  CisTHERY €y 4Eke-228/

R TR RS e “i%m
CG201-1 3274.1 0] 0.73 0.10 0.56 0.14 0.57 0.61
CG201-2 3 278.5 0] 1.42 0.23 0.65 0.12 0.43 0.58
CG201-3 3 287.9 0] 0.71 0.08 0.52 0.07 0.75 0.58
CG201-4 3 486.6 0] 4.23 0.12 0.64 0.06 0.66 0.60
CG202-1 3702.5 0] 2.67 0.18 0.60 0.13 0.62 0.60
CG202-2 4 047.5 0] 0.32 0.12 0.52 0.04 0.60 0.54
DG675 3 352.7 0] 1.59 0.14 0.45 0.11 1.40 0.59

CG19 1795.8 € 1.13 0.36 0.54 0.13 0.74 0.60
CG202-3 4 562.2 € 0.44 0.08 0.59 0.08 0.69 0.60
CG202-4 4 562.5 € 0.37 0.13 0.57 0.03 0.66 0.58
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Table 3 Steroid biomarkers of saturated hydrocarbon extracted from
the Lower Paleozoic source rocks in the Chezhen Sag, Bohai Bay Basin

- Co, WO/ Cpy FEHE /
=2 WE/m 7 >

Cp i/ da-HIHHE L Cp BB/

C,20S /  aa(20R)Cy; :

Coo B Coy BN Cpy g BN Coo MM (aa+B8)  (20S+20R)  Copg & Cog

CG201-1 3274.1 1.03 0.25 0.08 0.32 0.46 0.38 38:26:36
CG201-2 32785 1.38 0.30 0.15 0.36 0.36 0.35 46 : 20 : 33
€G201-3 3287.9 1.52 0.29 0.12 0.47 0.43 0.47 47:23: 31
CG201-4 3 486.6 1.73 0.36 0.20 0.35 0.35 0.39 51:20:29
€G202-1 3702.5 1.57 0.25 0.09 0.40 0.44 0.40 46:25:29
CG202-2 4047.5 0.74 0.11 0.04 0.32 0.34 0.33 32:26:43
DG675 33527 0.61 0.23 0.06 0.48 0.44 0.48 29 : 24 : 47
CG19  1795.8 0.89 0.26 0.09 0.33 0.40 0.42 37:22:41
€G202-3 4 562.2 1.44 0.30 0.12 0.43 0.44 0.39 45:23: 31
CG202-4 4562.5 1.45 0.32 0.14 0.42 0.46 0.49 47:21:32




- 234 -

%39 &

DMP
—

CG202-2, 4 047.5 m, P 5

DMN. — i $ 2%
OF.4%j

1 TMN. = Fi 2%
F.Zj
OF4%j

P
CG201-4, 3 362 m, B[ &

TeMN.JY H 5622
PAE

DBT.fii %)

MDBT. H 6 2
MP. F 35

DMDBT. — H i 4
DMP. — HIJESE

40 50
L B4 B 5] /min

2

70 80

TV 2 M AR T T ol AR PR IS S R R B T I

Fig.2 TIC of aromatic hydrocarbon extracted from the Lower Paleozoic source rocks in the Chezhen Sag, Bohai Bay Basin
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Table 4 Biomarkers of aromatic hydrocarbon extracted from
the Lower Paleozoic source rocks in the Chezhen Sag, Bohai Bay Basin

WEINGR % gy

i P

C[D

a b MNR TNR,

DBT OF F

TNR,

B AR ST %
R

¢

TeMNr MPI, MPI, MPI, d

Ry, Ry

CG20 0.12 0.15 1
CG201-3 0.13 0.15
CG201-4 0.09 0.13 13 16 0.18 0.72 0.73
CG202-2 0.06 0.04 5 1 026 128 1.27

0 0
6 7

0.16
0.13

0.96
1.03

0.92
1.03

0.72
0.73
0.64
0.95

0.47
0.47
0.62
0.89

0.47
0.48
0.55
0.91

0.52
0.56
0.58
0.98

0.62
0.58
0.73
0.89

0.51 0.83
0.60 0.84
1.08 0.78
0.60 0.97

0.64
0.65
0.72
0.65

2.02
2.01
1.97
1.75

0.79
0.74
0.59
0.51

a4 1,2,5-TMN/TMN;b N 1,2,5,6-TeMN/TeMN ;¢ 1 4,6—/1,4-DMDBT;d 4 C,—20S/ Cpg —208 =J5 {5458 ; MNR=2-MN/1-MN;
TNR,=2,3,6-/(1,4,6-+1,3,5-)TMN;TNR, =(1,3,7-TMN+2,3,6-TMN)/(1,3,5-TMN+1,3,6-TMN+1,4,6-TMN) ;R ,, =0.4+0.6XTNR, ;
TeMNr=1,3,6,7-TeMN/ (1,3 ,6,7-TeMN +1,2,5,6-TeMN) ;MPI, = 1.5x(3-MP+2-MP)/ (P+1-MP+9-MP) ; MPI, =3x2-MP/ (1-MP+
9-MP) ;MPL; = (3-MP+2-MP)/ (1-MP+9-MP) ;R =0.6MPI, +2.3( ZAEAE R, >1.35%iE ) ;R =0.35(4-MDBT/ 1-MDBT) +0.46
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GC—MS of saturated hydrocarbon extracted from the Lower Paleozoic source rocks in the Chezhen Sag, Bohai Bay Basin
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Fig.4 Biomarker comparison of Paleozoic and Paleogene source rocks in the Chezhen Sag, Bohai Bay Basin
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