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Abstract: The Permian source rocks in the South Yellow Sea Basin (SYSB) are characterized by multi-sets of hydrocarbon-generating strata,
high thermal evolution degrees, and dramatic changes in sedimentary environment. However, at present, little is known about the biomarker
differences of the source rocks. Through organic geochemical analysis with 16 mature to over-mature source rock samples in the four sets of
Permian source rocks of the CSDP-2 well in the SYSB, the compositions, evolution law, and geological significance of biomarkers in the alkane

and aromatic hydrocarbon fractions are clarified. Biomarker parameters show that the relative abundance of the compounds in sterane series,
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triarylsterane series, alkyl dibenzothiophene series, and the B-carotene varied greatly in different sets of source rocks in the Permian of SYBS.

Three types of source rocks could be classified, namely, mudstones in the Lower Qixia Formation and the Longtan to Dalong Formation, chert

in the Upper Qixia to Gufeng Formation, and siliceous mudstones in the Gufeng Formation. The research proved that mudstones in the Lower

Qixia Formation, the Longtan Formation, and the Dalong Formation are deposited in oxic fresh or dysoxic brackish water conditions, in which

the organic matter mainly derived from plankton and terrestrial higher planters. Source rocks in the Upper Qixia Formation and the Gufeng

Formation are deposited in anoxic saline or euxinic sulfidic environment, in which the organic matter in chert is derived from plankton and

diatom, whereas that in siliceous mudstones is derived from plankton, diatom, and terrestrial higher planters. Besides that, we proposed that the

methylphenanthrene indexes and the alkyl dibenzothiophene parameters (4-MDBT/DBT, MDBI, 4,6 -/1,4-DMDBT) could be used as maturity

scale for the Upper Permian source rock, but cannot be used for the Middle and Lower Permian source rocks.

Key words: highly to over-mature source rocks; biomarker characteristics; Permian; Gufeng Formation; South Yellow Sea Basin
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Table 1 Bulk geochemical data of the Permian source rocks in Well CSDP-2, South Yellow Sea Basin
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Table 2 The biomarker parameters of the saturated fractions in the Permian source rocks of Well CSDP-2, South Yellow Sea Basin

BH% A B ¢ D E F G H 1 J K L M N O P Q R S T U
DL-1 039 146 088 nC;, 106 1.15 068 015 064 097 041 051 055 049 1.19 073 041 027 057 024 005
LT-2 050 063 089 nCp 1.14 1.12 023 0.8 067 097 041 053 071 049 1.09 071 056 026 0.75 0.18 0.03
LT-3 0.8 048 053 nCy 103 101 063 026 059 111 045 045 024 049 1.04 080 027 022 039 028 0.09
LT-4 035 038 044 nCyp 101 1.10 071 0.14 0.60 1.04 045 041 043 051 121 080 039 025 052 038 0.03
LT-5 026 050 059 nCy 111 1.17 032 019 059 1.03 041 052 031 047 095 0.69 028 023 050 031 0.02
LT-6 022 081 074 nCy 115 112 012 022 061 092 040 052 051 052 092 072 038 022 051 021 0.03
LT-7 023 037 057 nCy 1.09 118 053 022 056 1.00 041 052 024 055 083 062 022 022 044 031 0.05
GF-8 040 024 035 nCp 102 127 025 0.8 063 087 042 053 0.3 051 056 075 007 013 048 0.13 037
GF-9 052 024 039 nCg 102 121 059 0.8 076 071 042 052 032 051 052 092 009 013 096 0.08 0.5
GF-10 021 038 043 nC,y 104 125 077 010 050 134 038 059 0.15 053 083 058 0.17 024 029 035 0.17
GF-11 040 0.17 028 nCig 1.03 130 078 0.16 076 0.65 042 050 031 049 054 096 009 013 1.00 0.09 0.50
GF-12 0.65 021 025 nCig 095 1.17 057 0.16 050 096 044 051 004 060 070 0.63 003 017 034 030 022
GF-13 053 044 072 nCp 104 112 055 022 082 052 043 052 049 044 053 101 009 002 163 004 1.62
GF-14 041 025 041 nCig 104 126 059 021 079 054 043 052 046 050 052 098 009 002 149 006 1.07
QX-15 040 040 043 nCy 102 141 037 0.18 073 071 041 050 040 052 061 098 0.3 003 1.01 007 047
QX-16 030 045 060 nC,, 108 120 082 023 069 099 040 042 061 048 126 073 047 027 059 026 0.03

¥: A: Pr/Ph, B: Pr/nC,;, C:Ph/nCg, D: &R, E: OEP, F: CPI, G: nCy /nCy"s H: M ke/aBCyoiE fi, I ETR=(C,gTT+CyoTT)/(C,s TT+
CyoTT+Ts), J: Ts/Tm, K: CyoBf/(ac+BP), L: Cro0a20S/(20S+20R), M: Cp3TT/C3oH, N: CypyTet/CygTT, O: Cp7/CyoST; P: Cypg/CroST, Q: Cyy.0,ST/

CyoST, R:Dia.Cyy/Cy,ST, S: S/H, T:4MS/CyoST, U: B-#1% M E/nCongee
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Table 3 The biomarkers characteristics of the Permian source rocks in Well CSDP-2, South Yellow Sea Basin
AMIEELH W EE2H.
JAhL KFELH TR
RS iy B NE
00Cy7-CyoST L L% \%i7 LI LK L
Cy7/CpoST >0.83 >0.83 0.6~0.83 <0.6 <06 >0.83
4AMS/C,oST =0.1 =0.1 =0.1 <0.1 <0.1 =0.1
C1122/C2oST =0.2 >0.2 <02 <02 <02 =0.2
Dia.C,/Cy;ST >0.22 =022 0.1~0.22 <0.1 <o0.1 >0.22
Cpg/CaST <0.8 <0.8 <0.8 >0.9 >0.9 <0.8
S/H <1 <1 <1 =1 =1 <1
B-#HEE I 5E/nC pax <0.1 <0.1 0.1~0.5 =0.5 =0.5 <0.1
DBT/P 0.13 0.03~0.46 0.11~1.2 0.48~0.84 0.06 0.03
DBTs/(DBTs+Fs) 0.33 0.09~0.76 0.63~0.90 0.86~0.94 0.43 0.2
=X kR [IFS [IFS e (D i (7SS

i 2, PICUAE 2L RIS 5 2 b B ST iy ML 55 e 3= 22
RN B L7 o3 A1, MR B U PR v R Y
THEER - Mhe, bt R R p-I1E M hefes

YAEEBEA PO =& BRHIE, Bl Cy7/CST<<0.6,
4MS/C29$T< 01 N C21_22/C298T< 02\ Dia.C27/C27ST<
0.1, Cpe/CpoST> 0.9, S/H=1, B-H & D BE /nC o=
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Fig.3 The total ion chromatograms (TIC) and mass chromatograms of steranes (m/z=217) and terpanes (m/z=191) of the saturated fractions

in the Permian source rocks of Well CSDP-2, South Yellow Sea Basin
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rocks in Well CSDP-2, South Yellow Sea Basin
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Fig.5 Total ion chromatogram (TIC), and the mass chromatograms of triaromatic sterane (m/z=231) and methyl triaromatic sterane

(m/z=245) of the aromatic fractions in the Permian source rocks of Well CSDP-2, South Yellow Sea Basin
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Table 4 Parameters of aromatic fractions of the Permian source rocks in Well CSDP-2, South Yellow Sea Basin

B A B ¢ D E F G H I J K L
DL-1 0.52 0.28 0.53 0.72 0.56 0.33 0.83 1.43 0.33 0.35 0.13 0
LT-2 0.70 0.38 1.43 1.44 1.55 0.52 2.58 6.29 0.13 0.10 0.03 0
LT-3 0.70 0.38 1.26 1.54 1.38 0.42 1.52 3.99 0.15 0.12 0.04 0
LT-4 0.72 0.41 1.41 1.46 1.61 0.49 2.06 5.52 0.13 0.09 0.04 0
LT-5 0.70 0.39 1.25 1.55 1.41 0.41 1.24 5.21 0.09 0.12 0.03 0
LT-6 0.69 0.39 0.82 1.81 0.92 0.41 1.10 5.20 0.19 0.20 0.04 0
LT-7 0.70 0.38 1.14 1.62 1.23 0.48 2.04 6.79 0.76 0.14 0.46 0
GF-8 0.68 0.37 1.34 1.50 1.47 0.53 2.99 5.74 0.63 0.14 0.11 0.35%
GF-9 0.66 0.36 1.08 1.65 1.18 0.50 2.52 5.24 0.91 0.21 0.59 0.03%
GF-10 0.72 0.40 1.42 1.45 1.59 0.49 2.13 7.28 0.90 0.22 1.20 0
GF-11 0.69 0.38 1.33 1.50 1.48 0.50 2.63 6.31 0.93 0.17 0.70 0.03%
GF-12 0.68 0.38 1.11 1.64 1.23 0.47 2.06 4.89 0.88 0.21 0.63 4.1%
GF-13 0.67 0.37 0.98 1.71 1.09 0.50 2.36 5.58 0.86 0.27 0.48 0.4%
GF-14 0.72 0.41 1.41 1.46 1.58 0.51 2.66 5.77 0.94 0.17 0.84 0.07%
QX-15 0.72 0.41 1.47 1.42 1.68 0.48 2.28 5.14 0.43 0.13 0.06 0.14%
QX-16 0.75 0.41 1.65 1.31 1.81 0.51 2.55 7.26 0.20 0.09 0.03 0

#: A: F1=(2-MP+3-MP)/(2-MP+3-MP+1-MP+9-MP), B: F2=2-MP/(2-MP+3-MP+1-MP+9-MP), C: MPI-1=1.5%(2-MP+3-MP)/(P-+1-MP+9-MP), D: Rc=0.4+
0.6*MPI-18{Rc=2.3-0.6*MPI-1, E: MPI-2=3*2-MP/(P+1-MP+9-MP), F: MDBI=4-MDBT/(DBT+4-MDBT+2-MDBT+3-MDBT+1-MDBT), G: MDR=4-
MDBT/DBT, H: 4,6-/1,4-DMDBT, I: DBTs/(DBTs+Fs), J: DBFs/(DBFs+Fs), K: DBT/P, L: TARs/P.
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Fig.6 The correlation relationships of the sample depth to the vitrinite reflectance Ro, parameters of alkyl phenanthrene, and parameters of

alkyl dibenzothiophene for the Permian source rocks of Well CSDP-2, South Yellow Sea Basin
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Fig.7 Correlations of DBT/P vs parameters of methyl phenanthrene and alkyl dibenzothiophene for the Permian source rocks in Well

CSDP-2, South Yellow Sea Basin
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Fig.8 Scatter plots among relative parameters of sterane and B-carotane in the Permian source rocks of Well CSDP-2,

South Yellow Sea Basin

A: Cpg/CygST vs Cy7/CpeST; B: Cpg/C9ST vs 4MS/CpoST; C: Cpg/CyoST vs B-carotene/nCy,y; D: CpsST-CpgST-CyoST relative content triangle; template is from
reference ”); E: C,15,/C1oST vs Dia.C,7/C»;ST; F: S/H vs 4MS/C,oST.
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Fig.9 Scatter plots among relative parameters of the dibenzothiophene series compounds in the Permian source rocks of Well CSDP-2,

South Yellow Sea Basin

A: DBTs/(DBTs+Fs) vs. DBFs/(DBFs+Fs); template is from reference[70]; B: Pr/Ph vs. DBT/P; template is from reference [55].
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