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Fig.1 Location of Permian dolomite oil seepages in Central

uplift belt in Qiangtang Basin
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Table 1 Geochemical parameters of dolomite oil seepages and the potentinal source rocks in Qiangtang Basin

FE RS i TOC/ % SUWEA"/% AR/ % IR %o /% WiH R/ % iV
IM-Y1 TWME S — 0.006 4 51.49 10.45 34.33 3.73 4.93
IM-Y2 RISk — 0.008 7 51.24 9.45 34.33 4.98 5.42
IM-Y3 CRlISFE — 0.010 1 52.61 8.53 33.65 5.21 6.17
IM-Y4 TMHB A — 0.012 8 54.45 16.41 24.88 4.26 3.32
IM-Y5 TWHE S — 0.004 1 47.13 10.34 39.08 3.45 4.56
IM-Y6 alilSFaess — 0.007 2 50.65 10.39 35.71 3.25 4.87
IM-Y7 LIS b= — 0.013 5 53.93 14.64 28.93 2.50 3.68
IM-Y8 EalilSbars — 0.024 9 53.96 10.55 33.06 2.43 5.11
IM-Y9 EaliIsba s — 0.023 1 52.89 9.09 31.40 6.62 5.82
JM-Y10 EalilSFaess — 0.014 6 52.41 12.86 28.62 6.11 4.08

7]-1 B 0.95 0.014 3 43.09 11.51 41.99 3.41 3.74
7]-2 RS 0.78 0.011 3 48.29 14.05 33.47 4.19 3.43
IM-Y1, A=# IM-Y4, AZE
C,

IM-Y6, Azt z1-1, s

K2 JEYE A B R m e o R e A @ g

Fig.2 Gas chromatograms of saturated fractions of dolomite oil seepages and the potentinal source rocks in Qiangtang Basin
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Table 2 Data of saturated hydrocarbon and isoprenoid hydrocarbon of dolomite oil seepages in Qiangtang Basin

FESh RS UK CP1 OEP nCy_/nCy, nCy, +nCy,/nCog+nCyy Pr/Ph Pr/nC; Ph/nC 4
JM-Y1 17 0.96 0.93 1.42 1.78 1.12 0.63 0.56
IM-Y2 18 0.96 0.92 1.12 1.76 1.01 0.66 0.57
IM-Y3 17 1.02 0.97 1.90 1.77 1.30 0.90 0.86
JM-Y4 19 1.06 1.02 1.53 2.02 1.25 0.93 0.81
IM-YS 20 0.97 0.95 1.00 1.85 1.12 0.80 0.67
JM-Y6 19 1.01 0.89 1.06 1.79 0.91 0.42 0.40
IM-Y7 19 1.01 0.91 1.52 2.28 0.96 0.61 0.58
JM-Y8 17 0.88 0.97 4.56 3.38 1.17 0.65 0.65
JM-Y9 19 0.97 0.98 3.34 2.78 1.13 0.66 0.64
JM-Y10 17 1.06 0.94 2.94 2.38 1.23 0.42 0.42

ZJ-1 19 1.04 0.98 1.43 2.66 0.95 0.72 0.88
7]-2 17 0.96 0.95 1.19 2.35 0.92 0.64 0.57
(OPE) >~ 0.88 ~ 1.06 ¥J{H 0.99, i VA (A 1, e F 2= I B AR A TRl T i 50 ( Pr) FIAR BE

= AT A R HLBTRRIE (Ph) (& 2,3 2), Didyk'"", Powell'® | McKridry
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Fig.3  Cross plot of Pr/nC,; to Pr/nC,; of Permian

dolomite oil seepages in Qiangtang Basin
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Fig.4 Distribution of steranes and terpanes of dolomite oil seepages and the potentinal source rocks in Qiangtang Basin
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Table 3 The parameters of biomarkers of Permian dolomite oil seepages in Qiangtang Basin
. H &5 82/ % C 0208 CpoaBB/ Co PUERIE B Cqy 228/ v Wi/
e Co Cag Ca /(20S+20R) (caa+aBp) /Cog —Fhibli ke (228+22R) Gkt
JM-Y1 41.9 12.9 45.3 0.48 0.53 1.06 0.15 0.57 0.56
JM-Y2 40.7 25.2 34.1 0.48 0.55 0.69 0.29 0.49 0.42
JM-Y3 32.8 18.7 48.6 0.47 0.54 0.72 0.22 0.52 0.48
JM-Y4 30.9 22.6 46.5 0.50 0.60 0.84 0.17 0.56 0.59
IM-Y5 32.9 18.0 49.1 0.51 0.60 0.71 0.16 0.60 0.49
IM-Y6 40.6 17.2 42.1 0.51 0.58 0.64 0.15 0.51 0.46
JM-Y7 40.1 27.2 32.7 0.50 0.60 0.66 0.23 0.52 0.43
JM-Y8 40.7 17.5 41.8 0.47 0.53 0.68 0.25 0.53 0.42
JM-Y9 36.5 25.5 38.0 0.48 0.56 0.76 0.35 0.56 0.88
JM-Y10 37.1 28.1 34.8 0.49 0.53 0.69 0.25 0.57 0.66
ZJ-1 36.6 21.0 42.4 0.45 0.58 0.64 0.28 0.61 0.44
7)-2 34.0 24.5 41.5 0.48 0.50 0.67 0.22 0.58 0.53
C,oaaa20S/aaa(20S +20R) fl CnaBB/ (aoa+ %
oB) SLH B RAE S, — AN, CuSe, oo N
4o, 17c (H) - BE7E C-20 |- 19 5 49 {4 75 208/ . % ¥
(20S +20R) HAH Rl RSB 0 T+ =25 0.5 2
CEHHE 259 0.52~0.55) ;7 20S il 20RC, B 55 5
16 C-14 Rl C-17 {1 LISFAIMAE RIS oBB/ (aat 5 o3 PER e
ofB) I RER A Z I BEE T 0 g 0.7 < ;
FEd (P25 0.67~0.71) 1 2 4 Y 1 PRER e ¢ -
- w N : 1 ( & Pl
P E B C,y 00208/ e (208 +20R ) He Ly il P P Mgy
I i :
0.47~0.51, F#{H 0.49, CooaBB/ (aaa+afB) HLIE N %o 01 Y 03 04 05 0.6 0.7

0.53~0.60, F-34{H 0.56 (& 6) , A 5z e tH il v b 78
BB EL

@ i
A B

G 25% 50% 75% e
5 JeYlaEHL A 2 R AT REAR IR ML 4 de
GiRSEN ]

Fig.5 Relative compositions of regular steranes of dolomite oil

seepages and the potentinal source rocks in Qaingtang Basin
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Fig.6 Cross plot of C,20S/(20S+20R) steranes versus
Co BB/ (acx +BR) steranes of dolomite oil seepages and

the potential source rocks in Qiangtang Basin
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Fig 7 Cross plot of C,y0020S/(20S+20R) and Ts/Tm

of Permian dolomite oil seepages in Qiangtang Basin
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0.60xMPI, +0.40" > T8 75 3 40U I 1A S % R,
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XF,=0.166""" 3 i 157 H 45 0B AR R 5T % R, 43
AT HE N 0.82% ~1.04% , - ¥{H 4 0.97% , BRI
ZA I 9 B R . Chakhmakhchev K %5 it 25 A
FERW, e TR IR LA Wy AT AR A BT A
PR BE ) AP R AR BRI I 1 = A T 4,6/
1,4-DMDBT {E 4 1.85 ~2.60 , #5805l 45 8505 o 1k i S5
R, M 0.83%~0.93% (R, =0.14x4,6/1,4-DMDBT+
0.57) , X S H A FEFR BT 45 AR — 5
A = A A R
FERP =D RIMEEY (25 (F) i %) (SF) Fl
25 (OF) ) J2F Ui sty B 5 J5 2y DU RR BR B 1) L -4
B, B RS B JE A 2 H — > TLOT IR R A D5 A% 4
B, EATRTREE A AR SR, 25 b ROTH Y C-9 fik
JRFJEF o BT, AL 22 M s Uk, 6 R A SE rh
Al e HUA LB 27 | 76 55 S b — AL v 4e Ak
NELN L TEE SRR (F 4)  JEHE AL
T & R A A WY R 54X,
AEREE 43BN 39.06% ~87.21% ,F-1467.39% , ‘8.2
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MR ZR A IR = 2 R G AR L HE R A
= T AR R R BT R R T A JE PR B, Hughes et
al. IS Pr/Ph-DBT/P MISEMERFIE T IR 5 Hoz
TA DU G A 1%, 78 Pr/Ph-DBT/P [ Hr ([&]
8) WA BIRESOL T 3 X, S HH 1 2 T 1 VB T 1A
AH I %A, MDR4 ( 4-MDBT/DBT) 1 MDR2,3 ((2 +
3)-MDBT/DBT) J& [X 31 AH 0 A AR I A 208 b
WEAHM T 4-MDBT/DBT HAEZ/NF 1.0, ¥ A1 %
FEAE R 7 1.2 AR (2+3) -MDBT/DBT L {H
ZHUNT 0.5, A K H K 0.6 4y
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Table 4 The parameters of aromaitc biomarkers of Permian dolomite oil seepages in Qiangtang Basin
4,6/1,4-

SRS DBT/P MPI, R (/% F, F, R,/ % DMDET Ry/%  F/% SF/% OF/% MDR-2,3 MDR-4
JM-Y1 0.18 0.63 0.78 0.52 0.28 1.00 2.32 0.90 17.25 81.33 1.42 1.01 1.96
IM-Y2 0.16 0.65 0.79 0.52 0.28 1.00 2.25 0.89 22.48  75.61 1.91 1.11 1.93
JM-Y3 0.12 0.63 0.78 0.54 0.29 1.04 1.85 0.83 37.73 57.32 4.95 0.82 1.40
JM-Y4 0.11 0.62 0.77 0.54 0.29 1.04 1.90 0.84 47.86 39.06 13.08 0.58 1.07
JM-Y5 0.17 0.56 0.74 0.5 0.28 0.96 2.60 0.93 11.19 87.21 1.60 1.37 2.51
IM-Y6 0.19 0.55 0.73 0.49 0.27 0.93 2.46 0.92 11.77 86.35 1.88 1.50 2.88
JM-Y7 0.27 0.44 0.67 0.49 0.27 0.93 2.07 0.86 11.12 81.67 7.21 0.48 1.34
JM-Y8 0.18 0.62 0.77 0.51 0.27 0.98 2.09 0.86 36.56 46.84 16.60 0.63 1.75
JM-Y9 0.23 0.52 0.71 0.52 0.28 1.00 2.12 0.87 25.06  63.83 11.11 0.37 0.97
JM-Y10 0.37 0.55 0.73 0.44 0.24 0.82 2.12 0.87 26.21 54.67 19.12 0.64 2.09

7]J-1 0.18 0.51 0.71 0.52 0.28 1.00 2.43 0.91 22.77 72.65 4.58 0.96 1.79
7)-2 0.20 0.58 0.73 0.54 0.27 1.04 2.51 0.92 24.72 67.38 7.90 0.89 1.49
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Abstract: Dolomite oil seepages and hydrocarbon source rocks of Permian Zhanjin Formation were collected systemat-
ically from Central uplift belt area in Qiangtang Basin.Based on the analytical data of group component, biomarkers
and carbon isotopic compositions of n-alkanes and isopre, the author analyzed the geochemical characteristics of Per-
mian dolomite oil seepages,and the oil-source rock correlation was also studied in the paper. The results indicated that
the Permian dolomite oil seepages are high fraction saturated hydrocarbons, followed by non hydrocarbon, aromatics
and asphaltene fraction are low. The ratio of saturates/aromatics of dolomite oil seepages are more than 1.0. The al-
kanes of dolomite oil seepages are composed of nC,s- nC,4,with nC,,~nC,, as the main peaks,and characteristics of
single peak distribution.The nC,, /nC,,, ratios from 1.0 to 4.56,the regular sterans C,, C,; C,, distributed with irregular
“V” shape and predominance of C,,,homohopane were detected from C;, ~ C,,, indicating dolomite oil seepages of hy-
drocarbon material sources were in algae and other lower aquatic organisms. The Pr/Ph values range of dolomite oil
seepages were between 0.91 to 1.30, and gammacerane/C,, hopane values were from 0.42 to 0.88, the content of
dibenzothiophene were the highest (average 67.39% ) and low dibenzofuran content ( average 7.89% ). 4-MDBT/DBT
values of dolomite oil seepages were 0.97 to 4.26, (2+3)-MDBT/DBT values were 0.37 to 1.62, showing dolomite oil
seepages hydrocarbon material sources were formed in marine shale with certain salinity reduction environment. The
OEP values, Cyaaa20S/ aaa (20S+ 20R) values,CyaBB/ (aaa+aBB) values and C,,22S/(22S+22R) values
etc., closed to equilibrium values 1, aromatic maturity parameters MPI, ,F, and 4,6/1,4-DMDBT calculated from
the equivalent vitrinite reflectance showed that dolomite oil seepages were mature crude oil. The biomarkers of oil
seepages are closely correlated to the Zhanjin Formation black mudstone, reflecting that the oil seepages were mainly
originated from the Zhanjin Formation. However, carbon isotopic compositions of n-alkanes and isopre exists some
differences between oil seepages and Zhanjin Formation black mudstone, indicating a mixture of sources.

Key words: Biomarkers; carbon isotopic compositions of n-alkanes and isopre; oil source correlation; Permain dolo-

mite oil seepages; Qiangtang Basin



