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Abstract: In order to investigate the evolution of biomarker compounds in expelled and retained oils and their indicative
significance of hydrocarbon source rocks of brackish lake-phase at different thermal evolution stages, a sample of brackish lake-
phase hydrocarbon source rock from a section of the Liao-Zhong Bei-Wa-Sha formation in the Bohai Bay Basin was selected to
carry out a simulation experiment for the hydrocarbon generation and drainage in a multiplexed and segmented thermal compression
mode. The results show that a small amount of liquid hydrocarbons have been generated in hydrocarbon source rocks of brackish
lake-phase when R, is 0.56%, which is characterized by the early oil production. The proportion of light hydrocarbons in the high

maturity stage increases significantly with the increase of thermal evolution. Maturity indexes (e.g. Y tricyclic terpane/17a-hopane,
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Cso.moretane/Csg.hopane) can be used as reliable parameters to determine the maturity of retained oil from maturity to high
maturity, while they vary little for expelled oil, because expelled oil is less affected by maturity. The CrgTT/Cy5TT, C35/(C31-Css)
homohopane, (nC,;+nCs,)/(nCygtnCsyg) and C,,/Cyg ratios of regular steranes, the indicators of depositional environments and
parent material sources, remain stable in expelled oil but are variable in retained oil. By comparing the maturity, depositional
environment and parent material source parameters of expelled oil and retained oil, it is found that there is a certain difference in the
evolution pattern of the expelled oil and retained oil. The reliability of biomarker parameters indicating depositional environment
and parent material source is higher in expelled oils, while the reliability of maturity parameters is higher in retained oils.
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thermal simulation experiments
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Fig.1 Schematic diagram of multi-channel segmented hydro-

carbon generation and drainage simulation experiment
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Table 3 Parameters related to maturity, source of organic matter and deposition environment in expelled and retained oils

at different thermal simulation temperatures

B XN R /% OFP le/17a- Co3TT/ Ts/ Ca 0B-7EkE22S/ C;o%%}f/ Coof§ EBB/  Cooffi%E20S  CoyEEHEHS
BE/C © e (CsTT+C30H)  (Ts+Tm) (22S+22R) Caodile  (aotBB)  /(20S+20R)  J/f§ %
JEAEFE — 0.50 1.14 0.13 0.04 0.42 0.54 0.10 0.22 0.22 0.16
320 0.56 1.13 0.30 0.10 0.41 0.55 0.12 0.27 0.22 0.18
340 0.65 1.12 0.41 0.13 0.40 0.54 0.12 0.25 0.20 0.19
360 0.76 1.12 0.40 0.13 0.41 0.54 0.12 0.27 0.20 0.19
380 0.86 1.01 0.40 0.14 0.35 0.53 0.15 0.25 0.19 0.18
HE i
400 0.98 1.02 0.43 0.14 0.33 0.52 0.13 0.22 0.19 0.17
420 1.11 1.00 0.47 0.17 0.31 0.52 0.15 0.26 0.21 0.19
440 125 1.01 0.57 0.19 0.33 0.53 0.15 0.26 0.22 0.19
460 1.40 0.98 0.68 0.19 0.31 0.52 0.17 0.28 0.22 0.21
320 0.56 1.20 0.07 0.02 0.37 0.50 0.13 0.18 0.19 0.17
340 0.65 1.24 0.09 0.04 0.70 0.52 0.11 0.17 0.21 0.18
360 0.76 1.14 0.14 0.06 0.72 0.53 0.09 0.18 0.25 0.21
380 0.86 1.11 0.15 0.06 0.23 0.50 0.22 0.22 0.22 0.21
i ER
400 0.98 1.07 0.12 0.05 0.22 0.55 0.27 0.25 0.25 0.22
420 1.11 0.97 0.47 0.19 0.47 0.57 0.19 0.27 0.30 0.29
440 125 1.00 0.47 0.15 0.32 0.49 0.18 0.38 0.38 0.26
460 1.40 1.05 1.56 0.22 0.33 0.47 0.15 0.43 0.44 0.18
e AR T T Ry
JEAEFE — 0.50 0.67 0.50 1.48 0.53 0.07 0.15 18 2.11 1.12
320 0.56 0.69 0.58 1.61 0.37 0.06 0.13 18 2.05 1.35
340 0.65 0.73 0.63 1.49 0.37 0.05 0.15 16 2.68 1.36
360 0.76 0.71 0.61 1.51 0.39 0.05 0.15 18 225 1.36
380 0.86 0.77 0.66 1.54 0.38 0.05 0.15 20 2.01 1.40
He o
400 0.98 1.01 0.64 1.43 0.30 0.05 0.12 21 2.10 1.39
420 1.11 1.12 0.67 1.45 0.40 0.04 0.16 18 2.16 1.39
440 125 1.14 0.65 1.31 0.33 0.03 0.12 18 3.07 138
460 1.40 1.09 0.66 1.31 0.36 0.03 0.15 18 331 1.36
320 0.56 0.61 0.52 2.73 0.40 0.32 0.18 27 0.76 0.75
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Fig.6 Changes in the maturity parameters of expelled and retained oils
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Fig.7 Changes of deposition environmental biomarker parameters of expelled and retained oils with maturity level
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Fig.9 Changes of biomarker parameters of source rocks in expelled and retained oils with maturity level



144 B A K AR DS PR A v HE H S AN B 3 T R AL R B R S

3 £

(1) HRAZIZ- 1 BUK B ARYE 7 0 A= SR R ik DA S 2R
YIbR W RHE 78 BUK AR IR IR A TER M 0.56% 1
A D mRARAER, BA R A MRS RN
111 % B S0™ R BN, HE IR 203 1 T 3 pvis B b T
SHEARS AU ISR R R . ZEHE T b B R B Y
Fhi BRI L B s K, DR AE X HE R T e B
ST BN

(2) B EAEAR S HOT Y = BRmE BE/ 17 a-FE6¢ |
Ca0 Bt/ Co 7E L 7E i B8 T 1) 120 22 w3 AR B, T AE
I T RS2 JBE 1) RTS8, A B BEHE v v S AR
E 5 A B RIERL 22 . Co6TT/CosTT (Cas/(Csy-
Cys) FHEELE  (nCa1+nCaz)/(nCagtnCarg) HCr7/Coofh
W) 655 902, Bl A 28 3 B s, 78 B B HR Il R AR R AR
FE AT LU H I B URR R 5 S5 0 5 e A FE Tt B v
WY AS AR, 7 HI W U s A5 DT RRAR R B 75 1
BB RS  IEEE G 2 S ROEE ST

(3) 3 5% LU B BEHE il S5 B AE s S S
B, R IbE A PO AR EE 0 TS B BOHETH A 2R
SR A W SE R /0N | AT A RCRAE TR PR 55 F B
JB ORI 5 T B 1) A B 2 B I 4R S A 0
U, e R AE DA PR 55 R0 Py U5 A )R] BE H AR
R2E
TEBETTBER: 48 F L85 BH%H KESHT; %
HR,HRESH LT AR REFRER LT
B X ERIEF R, LT MR ERS oA
MK 200 LIty F 55 RAE AT TS

FERMERAERR: A RIEALRA AT R,

SZ3Hfk (References):

ERE, BRI, DR, RMRF, k2. 2002, AWM IET A Wbrb
AU RRTIE. VLB == B4k, 24(2): 22-26, 5 [Bao J P, Zhu C
S, Ma A L, Zhu J Z, Zhang J. 2002. Quantitative study of bloniarker
composition in blodegrated oils. Journal of Jianghan Petroleum Institute,
24(2): 22-26, 5 (in Chinese with English abstract) |

WPRIE, PRILL, SREMR, S0, 4R, 2007, S 20 AR M
fﬁ%{tﬂq‘:ﬂkﬁﬁﬁ. Eim%%ﬁﬁﬁﬁ, 29(2): 178182, 187 [Chang Z H,
Chen Z H, Zhang Y T, Peng J, Jin Z H. 2007. An investigation on the
geochemical characteristics of crude oil from Wenliu area in the Dongpu
sag, Bohai bay basin. Petroleum Geology & Experiment, 29(2): 178-182,
187 (in Chinese with English abstract) |

RIS, Tl Bg, 4, R ot B, ?/J\",/\%s,% . 2018, L AR
BN 23438 H T RS PR R R B R B TR A (1 AR
24R), 45(5): 539-549 [Chen C, Xu G S, Wu K, Xu C G, Wang D Y,
Luo X P, Yu Q, Liang J J. 2018. Study of oil and gas accumulation

conditions and processes of the Jinzhou 23 structure, Liaodong uplift,

China. Journal of Chengdu University of Technology (Science &
Technology Edition), 45(5): 539-549 (in Chinese with English abstract) ]

Wrrb2r, 0], S, (RS 2011, ARE MR L R IR R IR S S
AT B R, DURER, 29(1): 173-183 [Chen Z H, Zha M, Jin Q,
Ren Y J. 2011. Distribution and characteristics of the homohopane
molecular parameters in Paleogene system of the Dongying Sag. Acta
Sedimentologica Sinica, 29(1): 173-183 (in Chinese with English
abstract) |

de Leeuw J W, Cox H C, van Graas G, van de Meer F W, Peakman T M, Baas J
M A, van de Graaf B. 1989. Limited double bond isomerisation and
selective hydrogenation of sterenes during early diagenesis. Geochimica
et Cosmochimica Acta, 53(4): 903-909

XL, FRH T, A PRIE, BOBrE, HME2E, RIRNE. 2021, AR ATUE
ASRRHIE APV S . BREHR 5 TR, 21(1): 130-137 [Deng M,
Zhai C B, Yang Z H, Duan X G, Zheng L J, Song Z X. 2021. Thermal
simulation experiment on hydrocarbon generation characteristics of low-
mature marine black shale. Science Technology and Engineering, 21(1):
130-137 (in Chinese with English abstract) ]

Didyk B M, Simoneit B R T, Brassell S C, Eglinton G. 1978. Organic
geochemical indicators of palacoenvironmental conditions of sedimenta-
tion. Nature, 272: 216-222

IRE, TR AR, B, VLU, BRI, 2GR, AR, 2022, BRIMIGEIL
PRI A D ERAL SRR S MRS HE. AR TR 2R (A AR IR,
49(1): 48-60 [Guo X H, Xu G S, Huang X B, Jiang T, Liang HR, Li C Z,
Li Z C. 2022. Geochemical characteristics and oil-source correlation of
source rocks in northern Bodong Sag, Bohai Bay, China. Journal of
Chengdu University of Technology (Science & Technology Edition), 49
(1): 48-60 (in Chinese with English abstract) ]

FOI, e, Foik, bR, B 2021, FRUA AR S AR T
MRS KR TT ). AR SEEG T, 43(5): 862-870 [He C, Zheng L J,
Wang Q, Ma Z L, Ma J F. 2021. Experimental development and
application of source rock thermal simulation for hydrocarbon generation
and expulsion. Petroleum Geology & Experiment, 43(5): 862-870 (in
Chinese with English abstract) ]

4, B, TKRIEN, SRARFE, ZRIH. 2011, SEPUbIX 1 T487m20 b BRIk
TR IR e ST B 7= S5 HUB, 25(3): 242-247 [He J X, Duan
Y, Zhang X L, Wu B X, Xu L. 2011. Study on hydrocarbon generation
conditions of saline lacustrine source rocks of the upper unit of the upper
Ganchaigou formation in western Qaidam Basin. Mineral Resources and
Geology, 25(3): 242-247 (in Chinese with English abstract) |

YRS, HATIE, XIPI, B, TN, 2R 2023, ZEER ML AP AvE

ZRGE TR ST HER B S, 00 A MR L8R,
42(1): 122-134 [Huang L S, Dong R J, Liu Y X, Xu Y H, Yan G, Li Y.
2023. Discussion on the applicability of maturity parameters of
naphthalene and phenanthrene series compounds: Insights from the
thermocompression simulation experiment of hydrocarbon generation and
expulsion. Bulletin of Mineralogy, Petrology and Geochemistry, 42(1):
122-134 (in Chinese with English abstract) ]

$G 300, WA JORARARE, NRTy, B4, (LR, . 2022, NS /RA0H
VAL KU S I PR A b i A B AR A B T8 3L A7 i b
JT, 43(6): 684-692 [Jiang W L, Ablimit-YIMING, Bian B L, Wang T,
Ren H J, Han Y. 2022. Changes and significance of biomarkers in thermal

evolution of Fengcheng formation source rocks in northwestern margin of



T A ERA AR 2025,44(1)

Junggar Basin. Xinjiang Petroleum Geology, 43(6): 684-692 (in Chinese
with English abstract) |

38, 1991, TOKANRAR L WAH AR i e DR R AT b R AL A RHAE. DU
1R, 9(2): 114-120 [Jin Q. 1991. Sedimentation and organic geochemistry
of source rocks in the deep and shallow-water saline lakes in tertiary,
China. Acta Sedimentologica Sinica, 9(2): 114-120 (in Chinese with
English abstract) ]

2R, JHACE, XA, IR, BT 2018, VLR M [R5 sk Ak
EEAE BAmIERT b, RARSHIRRIE, 29(9): 1240-1251 [Li M R, Tang
Y J, Liu Y, Hu H, He Q C. 2018. Geochemical characteristics and oil-
source correlation in crude oils from different regions of Jiangling
Depression. Natural Gas Geoscience, 29(9): 1240-1251 (in Chinese with
English abstract) ]

ZegM, FEARAE, T, ENUAR. 2008. L A Hb R CR 1M1 ST A R 2 Y
R HAM R, BRI, 22(5): 817-823 [Li S M, Jiang Z X, Dong Y
X, Wang X D. 2008. Genetic type and distribution of the oils in the nanpu
depression, Bohai Bay Basin. Geoscience, 22(5): 817-823 (in Chinese
with English abstract) ]

PEMISE, TARMR, FRAEAT. 2015, WAL BURIEARRDL A R e v 55 i 21
EYINFHE. B YA hERe2=E Rz, 34(5): 968-973 [Liang M L,
Wang Z D, Zheng J J. 2015. Geochemical characteristics of steranes and
tepanes in lacustrine quality source rocks by thermal simulation
experiment. Bulletin of Mineralogy, Petrology and Geochemistry, 34(5):
968-973 (in Chinese with English abstract) ]

XIEER. 2022, HIAHE T B WL A PG B b A bR a5 e & ik
FUHE B LR 2438 30). Kb TR R24. [Liu J L. 2022. Evolution
law and significance of biomarkers during thermal maturation of
lacustrine shale rich in type 1 organic matter (Dissertation). Central
South University, Changsha (in Chinese with English abstract). |

a7 TT, FHIL, BREETS, FHE. 2015, SRR Z T A3 ML FH s R A2 e
AEBMIESIHT. TURLEHR, 33(2): 416-425 [Ma LY, Yin H, Chen C F,
Yin W. 2015. Research of geochemistry characteristics and source of
crude oils from the Honghe oilfield in the Ordos Basin. Acta
Sedimentologica Sinica, 33(2): 416-425 (in Chinese with English
abstract) |

R, e, 2R 2012, RRVEA AT B2 [ R E L AR AR A S
WEFE. DURR2AR, 30(5): 955-963 [Ma Z L, Zheng L J, Li Z M. 2012. The
thermocompression simulation experiment of source rock hydrocarbon
generation and expulsion in formation porosity. Acta Sedimentologica
Sinica, 30(5): 955-963 (in Chinese with English abstract) |

Kbz, KK, B, 2009, RIS A A S0 7 TR0 L 5 O R
AR, ALK, 31(4): 409-414 [Mi J K, Zhang S C, Wang X M.
2009. Comparison of different hydrocarbon generation simulation
approaches and key technique. Petroleum Geology & Experiment, 31
(4): 409-414 (in Chinese with English abstract) ]

e, HEZ, X4, DR, broces, Setim, TH, A3, M, BT
FF. 2018 FR I IR R AAR ST I LA RN, KAR b BRAt
2, 29(9): 1252-1263 [Peng W L, Hu G Y, Liu Q Y, Jia N, Fang C C,
Gong DY, Yu C, Lii Y, Wang P W, Feng Z Q. 2018. Research status on
thermal simulation experiment and several issues for concerns. Natural
Gas Geoscience, 29(9): 1252-1263 (in Chinese with English abstract) |

Peters K E, Walters C C, Moldowan J M. 2005. The biomarker guide:

Biomarkers and isotopes in petroleum exploration and earth history. 2nd

145

ed. Cambridge: Cambridge University Press

Radke M, Welte D H, Willsch H. 1982. Geochemical study on a well in the
Western Canada Basin: Relation of the aromatic distribution pattern to
maturity of organic matter. Geochimica et Cosmochimica Acta, 46(1): 1-
10

Seifert W K, Moldowan J M. 1986 Use of biological markers in petroleum
exploration. Mothods in Geochemistry and Geophysics. Amsterdam:
Elsevier, 24: 261-290.

NI, sk, SR, S, BT, £ AR, AR 2015, AWbRaEfL
BT BEASE SRR B S AT YRR A HTHP A HE A
PRSI R B). A5 RKIRSHR, 36(4): 573-580 [Sun L N,
Zhang Z N, Wu Y D, Su L, Xia Y Q, Wang Z X, Zheng Y W. 2015.
Evolution patterns and their significances of biomarker maturity
parameters—a case study on liquid hydrocarbons from type Il source
rock under HTHP hydrous pyrolysis. Oil & Gas Geology, 36(4): 573-580
(in Chinese with English abstract) ]

P, A AR, TAESE, WECHr, LIRS, 2019, ML vE iR A
Fa 1 I bR T2 RRAE BOHE S B, PRV, 35(6): 20-30
[Tian D R, Niu C M, Wang D Y, Pan W J, Wang X L. 2019.
Geochemical characteristics and origin of crude oil from jz-a structure on
the liaoxi uplift, Bohai Sea. Marine Geology Frontiers, 35(6): 20-30 (in
Chinese with English abstract) |

M 45, ARAEHE, 1R 5T, BoTot. 2011, ETRA™ A W) BRI
IR DU AR M X IX -1 A . A AR LM, 33(7): 19-23,
36,5 [TianJ Q, Zou HY, Xu C G, Yang Y Y. 2011. Application of ETR
in oil-source correlation for severely biodegradaed crude oil—By taking
JX1-1 oilfield for example. Journal of Oil and Gas Technology, 33(7):
19-23, 36, 5 (in Chinese with English abstract) |

BHEA, BRETE, WAL, 1994, FhIAA A PRt sk (L2 S HC S IR
FREEAY R, DURRAAR, 12(3): 114-119 [Tuo J C, Shao H S, Huang X Z.
1994. The relationship between some geochemistry parameters and
environment in saline facies. Acta Sedimentologica Sinica, 12(3): 114—
119 (in Chinese with English abstract) |

TR, AL, B, SEF. 2016, A PIAR R I ER I IR A BRI A
FERFIE R R R, H R 7K, 38(2): 213-215 [Wang Z Z, Li Q Y, Liao W
C, Dang J. 2016. Application of biomarkers in studying the maturity of
source rock and crude oil. Ground Water, 38(2): 213-215(in Chinese) ]

EIR, RAZE, IR, WifRsE, 4208, 2009. ARG S iE IR S
TEAERIEL KARSHERFL A, 20(4): 592-597 [Wang Z C, Mi T K, Li X
Q, Xie B L, Li X Z. 2009. Current situation and problems of simulation
experiment approach of hydrocarbon generation. Natural Gas Geoscience,
20(4): 592-597 (in Chinese with English abstract) ]|

Rz, 0, BIEZ, Dbgete, BRER, sk, XTI 2021, R L5
TAREY AL K T A, HiBkfLa%, 50(6): 602-611 [Wei C Y,
Zhang B, Hu G Y, Shuai Y H, Chen Y, Zhang J, LIU Y E. 2021. Evolution
characteristics and molecular analysis of molecular markers in pyrolysis
from source rocks. Geochimica, 50(6): 602—611 (in Chinese with English
abstract) |

Bk, 255, E93C KM, 73T 2020, HRAT A HE R 6 74 A% 1A T4
WA ¢ 2 —— 7 R IEIE A bR AL AR B RS DL,
53(3): 273-283 [Wei J S, Jiang T, Wang B W, Zhang Y P, Su Q. 2020.
The biomarker characteristics and its significance of the carboniferous-

Permian source rocks in jigeda sag of juyanhai depression in yin’er basin.



146

B A K AR DS PR A v HE H S AN B 3 T R AL R B R S

Northwestern Geology, 53(3): 273-283 (in Chinese with English

abstract) |

##1, Thomas J.Algeo, i il, X H RS, sRsFME, sk T2, Frigd:. 2021, ik

JBERERR IS 237 T R IR IR, DIBIEAR, 39(3): 571-592
[Wei W, Algeo T, Lu Y C, Liu HM, Zhang S P, Zhang J Y, Du Y S. 2021.
Paleosalinity proxies and marine incursions into the Paleogene Bohai Bay
Basin Lake system, Northeastern China. Acta Sedimentologica Sinica, 39

(3): 571-592 (in Chinese with English abstract) ]

SEIFIE, /NG, ARRERE, MRESC, SRR, VRER, T R 2022, I T R

TUA A AU HE il 50 B sk LU T S F R AL A4 AE.
AIMSEEHTT, 44(2): 314-323 [Wu F T, Xie X M, Xu Y H, Lin J W,
Zhang L, Xu J, Ma Z L. 2022. A comparative study on the geochemical
characteristics of expelled and retained oil from hydrocarbon generation
simulation of Australian Tasmanian oil shale Il : Molecular geochemical
characteristics. Petroleum Geology & Experiment, 44(2): 314-323 (in
Chinese with English abstract) ]

PRI, S, VK. 2015, 21 231 76 WA 1T 5ea B AT el AR e i e 2 LR i )

Hr. HuBR{L2E, 44(3): 289-300 [Xu T, Hou D J, Cao B. 2015. Study of
precursors for condensates and light oils in Xihu Sag of East China Sea

Basin. Geochimica, 44(3): 289-300 (in Chinese with English abstract) ]

TR, 2, RN, SR SCHHE, ARIEAR, 12, XU, BT 2023, BBVE S

AL 1) 53 25 FE WU s BRI AE b S RS2 SRR R 27,
34(3): 525-539 [Yan G, Li S S, Xu Y H, Liang W Y, Xu W L, Bai Y,
Liu Y, Zhao S Y. 2023. Effects of thermal maturity and sequential
extraction of pyrolysis products on biomarkers of retained oil. Natural

Gas Geoscience, 34(3): 525-539 (in Chinese with English abstract) ]

W EE, SRR, 2, ZR0m, 2E0E, S, ek 2017 SPRZ Bzt

PAGIEA IR P MR AL 2R AE BT L. ARSI ERAN, 28(4):
550-565 [Yang Y N, Zhou S X, Li J, LiC C,Li Y J, Ma Y, Chen K F.
2017. Geochemical characteristics of source rocks and oil-source
correlation of Yanchang Formation in southern Ordos Basin, China.
Natural Gas Geoscience, 28(4): 550-565 (in Chinese with English

abstract) |

GER, oKL AL 2019, POIMEHIXTEE EUR S HBIAR Sl b S be e fl 5

Y AN G 5. BUACHILTR, 33(4): 853-862 [Yi C J, Zhang M,
Teng L. 2019. Influence of thermal action on composition and distribution
of steranes in marine crude oil, Tarim Basin. Geoscience, 33(4): 853-862

(in Chinese with English abstract) ]

TR, SRR, BIRRE. 1999, MNEh B be— KRS 2 B BRAL AR AR DT

Fl2Ed), 17(1): 136-140 [Zhang L P, Huang D F, Liao Z Q. 1999.

Gammacerane-geochemical indicator of water column stratification. Acta

Sedimentologica Sinica, 17(1): 136-140 (in Chinese with English

abstract) |

kKB, BEAKRN, BEeRs, 1 T5g, frBAE. 2002, 43 FAA S EE RGN

WX b B384, 47(S1): 16-23 [Zhang S C, Liang D G, Li M W, Xiao
Z Y, He Z H. 2002. Molecular fossils and oil-source rock correlation in
Tarim Basin. Chinese Science Bulletin, 47(S1): 16-23. (in Chinese with
English abstract) ]

TRE, e, 2RI, JrEsE. 1998, PR A SUBUK AR AR R A5 A

YRR S G HAE . DIBAR, 16(3): 119-131[ Zhang Z H, Yang F, Li D
M, Fang C L. 1998. Biomarker assemblage characteristics of source rocks
and associated crude oils in saline lake facies of Cenozoic in china. Acta
Sedimentologica Sinica,16(3): 119-131. (in Chinese with English

abstract) |

AR, 22T, L, T, AL, TORAE, e 2018, IRAKFUEUK B

VeI AN RIS WU A MR AL 244 . Arim B bR, 40(5):
705-715 [Zhao Y, Cai J G, Xie A B, Dong Z, Zhou Q S, Lei T Z, Yang Y.
2018. Geochemical investigation of organic matter of various occurrences
released via sequential treatments of two argillaceous source rock samples
from fresh and saline lacustrine environments. Petroleum Geology &

Experiment, 40(5): 705-715 (in Chinese with English abstract) ]

Hope2s, Zedtrh, {4, 45k, 22 WL 2009, R LB HERAN 52

AT, A7 SRR, 31(3): 296-302, 306 [Zheng L J, Qin J Z,
He S, Li G Y, Li Z M. 2009. Preliminary study of formation porosity
thermocompression simulation experiment of hydrocarbon generation and
expulsion. Petroleum Geology & Experiment, 31(3): 296-302, 306 (in
Chinese with English abstract) ]

B, A, BEACE, JELOIR, R E, AR, 2019, IEHERS AT A7 iih 3t

A SR P AN A A RRAE. IS AR, 40(1): 92-100
[Zhong K, Zhu W L, Xue Y A, Zhou X H, Xu C G, Niu C M. 2019.
Petroleum geologic conditions and distributional features of large-and
medium-sized oil and gas fields in Bohai Sea Basin. Oil & Gas Geology,
40(1): 92100 (in Chinese with English abstract) |

KRB, KB, S, MO, SR, 324, 1997, DIRBREE YA MLt R

X FEHE S BT SAIVE . DTRL2A4R, 15(4): 104-108 [Zhu Y M, Zhang
C M, Zhang M, Mei B W, Jin D W, Xiao Q H. 1997. The Effect of
Oxidation-Reduction Nature of Depositional Environments on the
Formation of Diasteranes. Acta Sedimentologica Sinica,15(4): 104—108.
(in Chinese with English abstract) ]

(AXHERE: NE; EXHER: HRE)



