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Coal-bearing source rocks formed in the transitional stage from faulting to depression nearshore China——

A case from the Pinghu Formation in the Xihu Sag

DIAO Hui', LIU Jinshui', HOU Dujie?, JIANG Yiming', ZHANG Tao', ZENG Wengqian'
1. Shanghai Branch Company of CNOOC (China) Ltd, Shanghai 200335, China

2. School of Energy Resources, China University of Geosciences, Beijing 100083, China

Abstract: The Xihu Sag is the most important oil-bearing sag in the East China Sea Continental Shelf Basin, in which prevailed the Late Eocene
source rocks of the Pinghu Formation, which was formed while the sag was situated in a transitional stage from faulting to depression. The
Pinghu Formation is a set of marine-continental transitional coal-bearing sequence deposited in a semi-enclosed depositional environment of a
bay. The authors systematically studied the distribution pattern, source of parent material and hydrocarbon generation characteristics of the coal-
bearing source rocks. The results show that the coal-series source rocks were distributed widely in the sag and formed in a faulting-depression
transitional stage. They are rich in iso-seasones and wet fern-derived B-bentane, reflecting a source from dried coniferous gymnosperms, in
which diterpenoids are characterized by an increase in -flatane from the slope zone to the center of the depression. From the microstructure, it is
a kind of resin-rich coal-based source rock, which generated oil in early stage but gas in late-stage. The distribution pattern of “Gas in the East
and Oil in the West” in the Xihu Sag is also determined by the distribution pattern, parent material source and hydrocarbon generation
characteristics of the source rocks.
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Fig.1 Division of tectonic and stratigraphic units in the Xihu Sag
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Table I Organic matter abundance in source rocks of Pinghu Formation in Xihu Sag
HE 2B TOC/% (S;+S,) / (mg/g) HI/ (mgHC/gTOC) ST A% HC/10°¢
B 0.5~9.7 0.22~27.0 31.4~656.3 0.0033~0.624 157.6~5 884
T 1.68 (336) 3.97 (336) 222.5 (311) 0.108 (44) 633.84 (43)
T = U 0.5~9.8 0.21~44.4 21.7~840.2 0.0142~0.619 110.7~2 834
ot =~ 1.96 (389) 4.69 (387) 193.2 (383) 0.16 (26) 866.73 (21)
B 0.5~6.59 0.34~9.79 30.8~453.3 0.0276~0.5074 351.1~1298.2
o 1.26 (98) 2.45 (98) 11.7 (98) 0.127 (4) 432.7 (3)
g 13.99~72.9 18.3~219.2 114~868.9 0.2261~3.3928 755.4~10 677.1
Mt 46.01 (36) 123.16 (36) 260.7 (22) 1.53 (18) 474.2 (15)
B puE 20.8~57.5 51.4~215.8 192.9~403.3 1.81~1.93 8203~10998
- > 38.95 (21D 123.6 (21) 261.8 (17) 1.87 (2) 9600.5 (2)
12.65~61.9 37.3~193.8 92.3~326.0
DT PN PO 31 1 1447.62 (1
HE 4172 (5) 9143 (5) 2263 (5) 0313 (D) 762 (1)
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Fig.2 Polts of Tmax versus HI showing the kerogen types of mudstones from different tectonic units

H R, TOCY ¥ H N 1.79%, (S;+S,) F ¥ H K

R ‘ : 32 BHRER
432 mg/g, AW H AFE{E N 0.168%, L I1EF B
Fp( o 772610 RO A s MK AW 320 ARAAUTED

W5 B AR A R R & RN A VR A LR 3 A
I, (B HAE S B b (6 2) o BER [R) #8422 0
AN KA, VO SR A L T g R A
(#£3),

AR S Tmax-HI I (& 2) H4] WA BT 2 78 ok
B VGGV A A P2 A DU AL Ol 3 3 gy
11, 2, v P AR 3BT i 0 A 5 ) o i R T
FERVIR AT, FLUOR ST R A 6 L e A 3



39 % 5 6 AVER, S v [ T T T — 3 R U R R TR R ——— L I 11 ST W A R U Sk 9 105
*x2 AREMBEHEPEREEESITE
Table 2 Organic matter abundance in mudstones of Pinghu Formation from different tectonic units in Xihu Sag
APt TOC/% (S;+S,) / (mg/g) HI/ (mgHC/gTOC) HATWITTAY% HC/10°
e 0.51~3.9 0.28~14.9 51.6~382.8 0.003 3~0.687 126.3~2 400
LN 14 (39) 275 (39) 155.9 (35) 0.032 (12) 672.2 (5)
0.5~9.84 0.22~44.4 21.9~840.2 0.034 5~0.624 110.7~5 884
S AL gl M) —7.0% Mels’ T 1T.T £1.77704V.2 V.054 5>™=.624 110, /7D 884
R 1.79 (593) 432 (590) 199.1 (587) 0.168 (47) 771.9 (47)
. 0.59~9.18 021~12.6 21.65~130.5
LAy Sz Ze20 Sl 2L Sl o o o
R 2.02 (20) 1.72 (20 67.6 (20)
ra— 0.52~33 0.51~12.3 63.4~656.3 0.028 3~0.288 6 167~1 653
LRI 1.38 (109) 439 (109) 334 (88) 0.082 (15) 4742 (15)
0.51~8.37 03~16.5 44.9~191.3
Py A= E— I—— — . N
TR 234 (62) 3.44 (62) 112.1 (62)
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Table 3  Organic matter abundance in coals of Pinghu Formation from different tectonic units in Xihu Sag
Faiis s TOC/% (S+S,) / (mg/g) HI/ (mgHC/gTOC) ST HE A%
o 20.8~61.9 51.36~215.75 92.27~403.32 0.248~1.93
TR 41.01 (29) 122.55 (29) 255.52 (24) 135 (4)
UNEE 53.29 (1D 159.7 (1) 277 (1)
— 12.65~72.95 18.29~219.15 114~869 0.226 1~3.392 8
s 4276 (26) 115.32 (26) 278.1 (13) 1.542 (17
42.4~67.8 104.49~164.56 180.3~239.5
Zs M Seet U0 ST T ST B R AL
R Hs 5478 (6) 129.22 (6) 2153 (6)
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Table 4 Distribution of maceral composition in coals in the members of Pinghu Formation
HE C1/% C2/% V% /% A% Cu/% Sp/% Re/% E/% FE 2L
B 5.0~21.6 3.0~844 77.5~93.5 0~7.7 0~1.9 0~33 0~6.6 2.6~9.9 6.2~16.5 6
* 13.5 48.3 86.5 2.8 0.8 1.3 1.6 6.8 10.7
B 2.8~30.8 14.2~78 73.1~92 0~24.6 0~25 0.2~5.6 02~5.4 1.2~14 2.3~20.3 2
e 14.5 57.8 85.9 1.7 0.8 2.1 2.4 6.6 12.4
=g 0~40.9 12.8~95.8 77.7~99.6 0~14 0~8.8 0~138 0~8.8 0~19.7 04~21.7 14
= 15.6 53.9 87 1.4 0.4 2.1 2.1 59 11.6
P 1.6~57.6 14.7~87.9 73.9~98.4 0~6.8 0~7.7 0~8.9 0~9.7 0~17.3 0.8~23.2 43
* 15.0 58.8 88.8 1.3 0.7 1.9 2.1 3.8 9.8
T 1.7~212 37.2~80.9 74.6—~97.7 0~8.5 0~15.1 03 ~54 0~4.7 0~17.7 1.5~23 19
> 9.9 63.3 87.2 2.1 1.9 2 1.3 4.5 10.6
W CURBIREBE A CORIETBE MM VAR DAEIRA: ADYEIE: ColfMiik: SpA T ReAMIRAE: ENemdl: #HILE
LS B AN 100%.
x5 TEHETEEMAIFitE
Table 5 Maceral composition of coals from different tectonic units
Fy it Cl/% C2/% V1% /% Al% Cu/% Sp/% Re/% E/% How (D
0.5~82.4 2.5~83.6 79.4~90.9 0~3.1 0~0.9 0.4~4.3 0.3~9.1 0~11 8.7~19.2
N AR]  s
L 18.6 61.0 86.4 0.7 0.2 1.5 33 7.1 13.0 14
TR 0~57.6 3~95.8 64.3~99.6 0~14 0~15.1 0~13.8 0~9.7 0~19.7 0.4~33.1 115
! 14.6 54.4 87.1 1.7 0.9 2.1 2.1 4.9 11.1
Fp R 0.7~38.9 35.2~84.4 73.1~93.5 0~24.6 0~11 0~6.6 0~54 04~13.8 2.3~16.6 8
Sl 16 63.9 87.6 1.4 1.2 1.6 1.2 6.6 10.9
P 5.5~36.8 35.1—~86.3 86~95.5 0~3.2 0~2. 0~1 0~22 2.6~10.9 3.8~13.7 8
AT s 3 70.7 91 08 70.9 0.4 11 5.8 8.2
0~67 9.9~98.3 77.6~98.7 0~6.4 0~6.1 0~6.3 0~0.3 0~15.1 1.3~164
PAN -
REWER 63.1 90.9 2.0 13 1.0 0.1 32 7.1 ?
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Fig.5 Photographs showing different macerals of coals
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Fig.6 Thermal evolution profile of source rocks in different tectonic units
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Fig.8 Biomarker assemblage of Pinghu Formation in a typical well on southern Pinghu slope
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Fig.9 Biomarker assemblage of Pinghu Formation in a typical well in Tiantai tectonic belt
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Fig.13 Hydrocarbon yields of coal and mudstone of Pinghu Formation during pyrolysis experiments
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