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Characteristics and hydrocarbon generation mechanism of early low-mature
oil in Baoding sag.Bohai Bay Basin

Li Zhijun Ma Xuefeng Luo Qiang Xiao Yang Wang Quan Pang Qiuju Wu Xiaomei

Shao Yanrui Jin Juanjuan Zhong Xuemei Song Junmei
(Exploration and Development Research Institute, PetroChina Huabei Oil field Company, Hebei Rengiu 062552, China)

Abstract; Early low-mature oil is formed by specific organic parent materials with low activation energy for hydrocarbon generation
under low temperature and early mature conditions [ vitrinite reflectance (R,)of 0. 3% to 0. 6% ,» geothermal temperature of 60 C to
100 ‘CJ. Tt has higher maturity and better oil quality than immature oil, and is easy to form commercial oil reservoirs and natural in-
dustrial capacity. This type of oil was discovered early in China, but there is less understanding of its hydrocarbon generation mecha-
nism and reservoir potential. In recent years, the Exploration and Development Research Institute of PetroChina Huabei Oilfield
Company has been exploring early low-mature oil and obtained high-yield oil flows and large-scale cost-effective reserves in the mid-
dle-shallow strata of Dongying Formation of Baoding sag in Jizhong depression, thus achieving a breakthrough in traditional cogni-
tion. The research on the hydrocarbon generation mechanism, including the organic geochemical analysis of crude oil and source
rocks, analysis of hydrocarbon inclusions in reservoirs, and thermal simulation experiments of hydrocarbon generation and expulsion
in Baoding sag, reveals that under the environment of strong-reduced saline water bodies and high geothermal field, the bacteria and
algae with low activation energy and soluble organic matter in the organic-rich strata of the lower submember of Member 1 of Shahe-
jie Formation have generated large amounts of early low-mature oil by biochemical action and low-temperature thermocatalysis in the
late diagenesis stage, with the oil rate of 190 mg/g and oil expulsion of 86 mg/g. respectively. They account for 46. 4% and 37. 3%
of the oil generation and expulsion of kerogens in source rocks during the peak stage of oil generation (R, of 0.8% to 1.3%, geo-
thermal temperature over 120 C), providing sufficient oil sources for the formation of early low-mature oil reservoirs. The early gen-
erated oil completed the migration and accumulation process from source to reservoir by fault networks and sand bodies, showing a
regularity of near source enrichment.
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Tectonic units and geological structural section from Baoding sag to Lixian slope of Raoyang sag
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Table 1 Geochemical characteristics of source rock sample from the lower submember of Member 1 of Shahejie Formation

in Well X15 for hydrocarbon generation/expulsion simulation
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Table 2 Comparison of crude oil type,quality and maturity
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Table 3 Physical property comparison between crude oils from Gengjiaqiao structural belt in Baoding sag and

those from Lixian slope in Raoyang sag
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Fig.2 Relationship between the saturated hydrocarbon of crude
oil and the contents of gum and asphaltene in Baoding

sag and Lixian slope of Raoyang sag
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Fig.3 Distribution of crude oil composition in Baoding sag

and Lixian slope of Raoyang sag
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Table 4 Comparison of biomarker characteristics of crude oil between Gengjiaqiao structural belt of Baoding

sag and Lixian slope of Raoyang sag
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Table S Comparison of organic matter abundance richness and hydrocarbon transformation ratio parameters
in the lower submember of Member 1 of Shahejie Formation

K o W/ v ’I‘(O)(‘,/ S2=/ (S +S)/ WA HEZ,/ HI,:/ T%ffﬂ (%m-‘@ F', (HC/TOO)/ (S /TOC)/
m %o % (mg/g)  “A”/% 1076 (mg/g) LM  “A”/TOC)/% (pg/g) 106

2570.03 KWOLUZRTTE  3.74 1,41 23.98 0.3616 1218 610 I 9. 67 3.27 31
G58  2572.20 KWEOLUZRITTE  3.81  1.52 21. 41 0.2560 757 547 I 7. 00 1.99 16
15 5 111 B4 2573.45 KWELBERTE  2.72 1.33 15.75 0.2519 897 544 I 9. 00 3. 30 34
TE R A 2133.02 KA 2.85  2.01 16. 26 0.2621 1445 545 I 9. 20 5.07 25
GBIX 2132.52 K#ELEZRIE  3.52 2.09 22.23 0.3805 1905 603 I 10. 81 5. 41 28
2132.24 KA 5.08 2.16 37.13 0.6098 3582 700 I 12. 00 7.05 31
3526.75 KMOEZRTUE  2.60  1.05 14. 76 0.3125 1386 528 14 11.16 4.95 39
) XL25X 3530.20 KEEGLURRITE 189 1.53 9.34  0.5445 3343 428 I 28. 80 17.69 65
ﬁﬁgg 3525.01 IR AL E 1.89  1.74 6. 48 0.6133 2451 292 IR 32.45 12.97 50
xLs 3370-90 KA ZERITAE 5.23 0 0.77 46. 28 0.5769 1011 900 I 11.03 1.92 32
3418.52 WWELEERTTE 4.77  0.35 42.31 0.4650 1611 800 IR 9.75 3.38 49

E:TOC—BAPLR: S — 85 S+ So— AR s HC— SR s HI - 28 8GS — iiF g e .
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Table 6 Comparison of provenance and thermal stress parameters of source rocks in the lower submember
of Member 1 of Shahejie Formation
o . < Cay i %2/ %
K IR W /m x5 J:UE@  Pr/Ph Ph/nCis  OEP é‘r&/ ”"f,’ﬁ;i*ﬁ "n%z'z’+/ 208/ o/
(208+20R)  (aa + #8)
G77X  1892.00~1898. 00 RE A nCis 0.21 48. 90 1.17 2.94 1.83 0.96 28. 00 21.51
BQIX  1770.00~1795. 80 =ik nCi7 0.22 15. 72 0.91 1. 04 1. 49 0. 66 23.28 19.53
2570. 03 W—BTFEEAEA  nCiy 0.12 12. 84 1.17 0.78 7.27 0. 89 7.80 18. 85
aEmpy 658 2572. 20 W—BTFUEAA  nCis 0.16 5.78 1. 30 0.38 4.96 1. 04 7. 14 19. 07
T R 2573. 45 W—BTFUEAA  nCir 0. 06 41.02 1.37 1.50 6.93 0.62 10. 01 16. 54
2133.02 W—BTFUEAEA  nCiy 0.18 5.71 1.22 0.29 1.50 0. 88 7. 90 19. 20
GB1X 2132.52 W—BTHEAEA  nCiy 0.19 4.79 1.18 0.37 3.98 1.12 7.17 19. 58
2132.24 W—BTFUEAA  nC 0.17 5.52 1.16 0. 40 3.02 0.33 6.36 17. 74
XL25X  3504. 00~3561. 40 b — Bt nCa 0.22 3.12 0. 90 0.26 1.09 0.76 29. 05 21.36
3526.75 W—BTHEAEA  nCxn 0.31 2.63 0.88 0.27 1.28 0.83 24.77 22.59
WM XL25X 3530. 20 W—BTEBAEA  nCx 0.22 6. 41 1. 01 0. 50 1. 74 0.54 28.25 24.24
AE PG A 3525.01 B FIEB A nCa 0.18 7.18 0.94 0.37 2.38 0.33 29.26 25. 09
XI5 3370. 90 W—BTFUEAA  nCxs 0. 11 7.38 1.03 0.22 1.67 0.29 18. 77 17.58
3418.52 W—BTFUEAA  nCxs 0.16 4.54 0.94 0.17 1. 80 0.34 24.95 21.54
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Fig.8 Thermal evolution profile of source rock in the lower submember of Member 1 of Shahejie Formation of Baoding sag and Raoyang sag
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Fig.9 Microscopic images of early low-mature oil inclusions
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Table 7 Comparison of test results between hydrocarbon inclusions from Baoding sag and those from Lixian slope of Raoyang sag

IA% # [=] Z%B’I/ }E{j ké%@;%ﬁi ﬁgﬁﬁ7k@,% ETJ‘I‘HJ//
M m =YW/ C R WE/C Ma
68. 0
G77X 1905. 31 REH 91.0 <2
89. 0
73.1 100. 7
G77X 1906. 56 REH 92. 6 109. 2 2
{%im{‘% 82.9 107.8
FAF AL 05 0
106. 0
G77-10X 1693. 00 w—EB 89.0 <2
88.0
64. 0
G20 2602.22~2611.50 vb—B 104. 4 120. 6 <1
83. 4 104. 2 7.5
G42 3054.32~3057.15 ¥—Ek 103. 4 124.8 2.0
156.3 120. 8
id
%ﬁﬁmﬂ G46 2851.28~2852.28 ¥h—f& 109. 6 125.5 <1
AR 98.7 118. 0 1.6
35¢ . 66~2609. B ‘ ‘ :
G59 2607. 66~2609. 46  Vb—Bt 115. 3 1S 0 -1
87.8 128.8 5.6
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Fig. 10 Relationship between fluorescence parameter ( Qysss )and

main spectral peak wavelength (A, )of oil inclusions

Pl Pl L)
N | # lome]
0.5} B
1
10} 5
g
< 1.5F o
- L
* 2.0
.l 90 C HEA
v—B
25+ 100 LB
3 v—B
R )\ rue
3.0 . : :
30 20 10 0
FiF 1] / Ma
[c=] (MMM B8 o ] [e]
Reah  BRam  R¥am BE BB GSEEKERE
11 REMEEFEEEP—RTIRERSIEHESTTH
Fig.11 Burial history and charging period of source rock from

the lower submember of Member 1 of Shahejie Formation
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Fig. 12 Variation of pyrolysis parameters for hydrocarbon generation thermal simulation of the source rocks from

the lower submember of Member 1 of Shahejie Formation in Well X15
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Fig. 13 Variation of organic maceral components for hydrocarbon generation thermal simulation of the source rocks

from the lower submember of Member 1 of Shahejie Formation in Well X15
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