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ABSTRACT: The hydrocarbon generation potential of source
rocks in the high-rise area of the Western Depression of the Liaohe
Basin is high. However, the source of the oil is still unclear. The
characteristics of source rocks and crude oil are analyzed by rock
pyrolysis and saturated hydrocarbon chromatography−mass
spectrometry, and then the oil−source correlation is determined.
The results show that the crude oil in the Gaosheng area mainly
comes from the Es4 (Shahejie Member 4) source rocks. A
comparison of the oil and source rock correlation provides direct
evidence to identify oil transport systems. The source material of
Es4 source rocks is diverse and deposited in a weakly reductive to
reductive brackish environment. It is formed by the double input of terrigenous higher plants and aquatic organisms, and the higher
plants are the main source. The evaluation results show that Es4 contains mainly type II1 and type II2 kerogen, which are medium to
good source rocks. The oil generation potential is 2.5 × 106−50 × 106 t/km2, indicating that the source rocks have sufficient
hydrocarbon supply capacity and have the potential to form large reservoirs. The results of this study have important reference
significance for further study of the accumulation process of other blocks in the Liaohe Basin.

1. INTRODUCTION
With the transfer of oil and gas exploration from conventional to
unconventional, tight sandstone oil and gas have become
important areas of global gas production. Currently, the best
tight oil exploration is in the United States, represented by the
Bakken Formation in the Willingston Basin in North America.1

The successful development of tight oil in America provides a
good guide for the exploration of tight oil in the world. As a
result, several tight oil reservoirs have been developed in
Canada, Russia, India, Europe, and theMiddle East.2−6 Tight oil
reservoirs also exist in China, such as Ordos Basin,7 Tarim
Basin,8,9 Sichuan Basin,10 Songliao Basin,11 and Junggar
Basin.12,13 However, the question of the source of the oil has
not been well resolved. Because of the complex history of oil and
gas injection, a single research method usually cannot provide
reasonable results. Biomarker compounds and n-alkanes reflect
the key characteristics of the original organic matter, so they are
common in oil−source correlation research.14,15
The Gaosheng oilfield is located in the north-central part of

the Western Depression of the Liaohe Basin. Previous
researchers have carried out much work on the Gaosheng
oilfield, mainly focusing on the formation of the reservoir,16 the
genetic mechanism of oil,17 oil reservoir features,18 controlling
factors of accumulation,19 reservoir forming conditions,20 and
other aspects. Es3 and Es4 formations in the Gaosheng area are

considered potential source rocks.20 However, due to the
different degradation degrees of crude oil and the few
exploration wells in the Gaosheng area, research on oil−source
correlation is rare. Moreover, the thorough oil−source rock
correlation poses obstacles to the analysis of hydrocarbon
accumulation processes and severely limits the exploration and
development of oil in the Gaosheng area.
The purpose of this study is to (1) characterize the

hydrocarbon generation potential of Es3 and Es4 source rocks,
(2) use biomarker compounds and n-alkanes to compare the
characteristics of crude oil in the Gaosheng area with the source
rocks to identify the oil source, and (3) point out the
implications for oil accumulation. The research results will
provide a reference for the exploration of surrounding oil
reservoirs.

Received: August 18, 2023
Revised: November 2, 2023
Accepted: November 6, 2023
Published: November 20, 2023

Articlepubs.acs.org/EF

© 2023 American Chemical Society
18855

https://doi.org/10.1021/acs.energyfuels.3c03119
Energy Fuels 2023, 37, 18855−18866

D
ow

nl
oa

de
d 

vi
a 

C
H

IN
A

 U
N

IV
 O

F 
PE

T
R

O
L

E
U

M
 o

n 
D

ec
em

be
r 

27
, 2

02
3 

at
 0

8:
48

:4
4 

(U
T

C
).

Se
e 

ht
tp

s:
//p

ub
s.

ac
s.

or
g/

sh
ar

in
gg

ui
de

lin
es

 f
or

 o
pt

io
ns

 o
n 

ho
w

 to
 le

gi
tim

at
el

y 
sh

ar
e 

pu
bl

is
he

d 
ar

tic
le

s.

https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Guangjie+Zhao"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Fujie+Jiang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Hong+Pang"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Xingzhou+Liu"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Chang+Chen"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/doSearch?field1=Contrib&text1="Di+Chen"&field2=AllField&text2=&publication=&accessType=allContent&Earliest=&ref=pdf
https://pubs.acs.org/action/showCitFormats?doi=10.1021/acs.energyfuels.3c03119&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.3c03119?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.3c03119?goto=articleMetrics&ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.3c03119?goto=recommendations&?ref=pdf
https://pubs.acs.org/doi/10.1021/acs.energyfuels.3c03119?fig=abs1&ref=pdf
https://pubs.acs.org/toc/enfuem/37/23?ref=pdf
https://pubs.acs.org/toc/enfuem/37/23?ref=pdf
https://pubs.acs.org/toc/enfuem/37/23?ref=pdf
https://pubs.acs.org/toc/enfuem/37/23?ref=pdf
pubs.acs.org/EF?ref=pdf
https://pubs.acs.org?ref=pdf
https://pubs.acs.org?ref=pdf
https://doi.org/10.1021/acs.energyfuels.3c03119?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as
https://pubs.acs.org/EF?ref=pdf
https://pubs.acs.org/EF?ref=pdf


2. GEOLOGICAL SETTING

Liaohe Basin, located in the northeast of Bohai Bay Basin, is a
Mesocenozoic continental rift depression developed on the
complex basement of the Pre-Mesozoic Era.21 It presents a
“three depressions and three convex” tectonic pattern, namely,
the Western Depression, Eastern Depression, Damintun

Depression, Western Uplift, Eastern Uplift, and Central Uplift
(Figure 1).22 The Liaohe Basin is a Cenozoic fault depression of
the North China platform. The regional tectonic evolution has
undergone several stages, such as the formation of the Archean−
Paleoproterozoic quasi-platform, the development of the
Mesoproterozoic−Paleozoic quasi-platform cover, and the
destruction and reconstruction of the Mesocenozoic quasi-

Figure 1.Comprehensive diagram of the stratigraphic and structural characteristics of the western Liaohe Basin.25 (Reproduced with permission from
ref 25. Copyright [2004] Wiley.) (a) Regional tectonic map of the Liaohe Basin, China. (b) Regional structure map of the Liaohe Basin indicating the
geographical position of the Gaosheng area. (c) Structure map of the Gaosheng area and distribution of key exploration wells and oil fields.
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platform. TheWestern Depression is a part of the Yanliaotai fold
belt, and the formation of the present basement structure is a
result of the superposition of multiple tectonic movements.23

The basic tectonic pattern of the depression basement was
formed by the strong east−west stretching movement in the Es3
(Shahejie Member 3) and Es4 (Shahejie Member 4)
sedimentary stages of the Cenozoic Eocene. The western
buried-hill belt was further uplifted by the right-lateral strike-slip
caused by lateral compression stress in the late Oligocene,
forming the present tectonic form.24

The Gaosheng area is in the middle and north of the Western
Depression. The strata developed from bottom to top include
Archaean, Proterozoic, Paleozoic, Mesozoic, and Cenozoic.
Source rocks are developed in Es3 and Es4, reservoirs are mainly
located in Proterozoic, and cap beds are mainly Mesozoic
Fangshenpao Formation and Proterozoic volcanic rocks (Figure

2). The Gaosheng oilfield is located in the middle of the
Gaosheng area. The fault and fracture development of the
reservoir result from the orogenic movement, which can provide
a good migration path for oil accumulation. Es3 and Es4 source
rocks have great oil generation potential and can provide a lot of
crude oil for reservoir generation.19

3. SAMPLES AND METHODS
The crude oil samples were separated and analyzed by gas
chromatography−mass spectrometry (GC−MS). The shale samples
were crushed and screened with an 80 mesh sieve. Total organic carbon
(TOC) analysis was performed on the shale samples. Shale samples
were extracted and fractionated by solvent organic matter, and
saturated GC−MS was performed (Table 1).
The core samples were crushed to clean them. The TOC experiment

was performed using a Leco CS-230 carbon analyzer. The pyrolytic
analysis of rock was performed using an OGE-II rock pyrolyzer in the

Figure 2. Comprehensive column chart of strata in the western Liaohe Basin.
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Key Laboratory of Petroleum and Gas, China University of Petroleum
(Beijing). First, the instrument is heated until the temperature reaches
the standard value, and then the experiment is started. When the
temperature reaches 300 °C, the residual hydrocarbon is completely
precipitated, and the fraction acquired at this temperature is S1. The
hydrocarbon-generating material produced after cracking is S2. The
highest pyrolysis temperature is Tmax. The HI index was calculated
according to the pyrolysis parameters. The ambient temperature is 10−
30 °C. The ambient humidity is 1%−30%. High-purity helium
pressures ranged from 0.20 to 0.30 MPa. The air pressure range is
0.30−0.40 MPa. The hydrogen pressure range is 0.20−0.30 MPa. The
alternating current is 220 ± 10 v, 50 ± 3 Hz.
The physical properties of oil are provided by the Research Institute

of Exploration and Development of the Liaohe Oilfield (RIEDLO).
The rock debris was treated into kerogen, and then the instantaneous

cracking experiment was carried out. The saturated hydrocarbon GC−
MS analytical instrument was a benchtop mass spectrometer Agilent
6890/5975, and the chromatographic column was an HP-5 ms quartz
elastic capillary column (30 m × 0.25 mm × 0.25 um). The heating
procedure is set as follows: constant temperature at 50 °C for 1 min,
followed by a temperature increase from 50 to 100 °C at 20 °C/min,
and then from 100 to 315 °C at 3 °C/min. The temperature is then
maintained at 315 °C for 16 min. The inlet temperature of helium was
300 °Cwith a flow rate of 1.00 mL/min. The detection method was full

scanning (50−550 amu) and multi-ion detection, and the ionization
energy was 70 eV.

4. RESULTS
4.1. Characteristics of Source Rocks. 4.1.1. Distribution

and Development Characteristics. Two sets of Es4 and Es3
source rocks developed well in the Western Depression of
Liaohe Basin.26 Es4 source rocks are mainly oil shale and dark
mudstone.27 On the plane, the Es4 source rock in the Western
Depression is thick in the north and the east and thin in the
south and the west. The thicknesses of the source rock in
Niuxintuo Sag and Qingshui Sag are about 700 and 350 m,
respectively. The thickness of the source rock in central Chenjia
and Panshan Sag is 100−400 m (Figure 3a).28 Es3 source rocks
have a wide distribution area and large sedimentary thickness,
which are thick in the south and thin in the north. Southern
Qingshui Sag is the center of shale thickness, with a thickness of
700−1800 m (average 1200 m). In comparison, the average
thickness of source rocks in Chenjia Sag and Niuxintuo Sag are
up to 850 and 500 m, respectively (Figure 3b).29

4.1.2. Geochemical Characteristics of Source Rocks.
Evaluation indexes of organic matter abundance of source
rocks generally include the TOC, potential hydrocarbon
generation (S1 + S2), asphalt chloroform “A”, and total
hydrocarbon (HC). This study mainly evaluates organic matter
abundance based on TOC and the hydrocarbon generation
potential. The average TOC of the Es3 source rock is only
0.19%, which is much lower than that of the Es4 source rocks
(2.35%). According to the criteria,30 the S1 + S2 value of
mudstone is classified into non, poor, fair, good, and excellent
grades. The S1 + S2 value of Es3 source rocks is 0.05−12.6 mg/g,
which is mainly a fair source rock. The abundance of the Es4
source rock shows strong heterogeneity and is fair to good as a
whole (Table 2 and Figure 4).
According to the rock pyrolysis data, type I and III kerogen

can be seen in Es4 source rocks, but type II1 and II2 kerogen are
dominant. The Es3 source rocks are mainly type II1 and II2, and
type I is not developed (Figure 5).
Ro is a good index to characterize the maturity of source

rocks,31 The Ro of the Es4 source rock ranges from 0.3% to

Table 1. Data on Samples from the Gaosheng Area

well layer depth (m) lithology rock types

CG1 Es4 4024.2 mudstone source rocks
CG2 Es3 3906.6
CG1 Es3 3849.8
CG2 Es4 3967.1
GG2 Pt 2518.4 carbonate rock oil
GG2 Pt 2697.8
GG2 Pt 2741.9
GG14 Pt 2160.2
GG14 Pt 2190.3
GG14 Pt 2420.5
GG14 Pt 2642.6
GG15 Pt 3695.3
GG16 Pt 2675.6
GG16 Pt 2679.6

Figure 3. Thickness contour map of source rocks in the Western Depression: (a) Es4 Group and (b)Es3 Group.
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1.26% (average 0.76%). In comparison, the Ro of Es3 ranges
from 0.28% to 1.29% (average 0.68%) (Figure 6). On the whole,
the Ro value of the source rock increases obviously with an
increase in the burial depth.
4.2. Physical Properties and Group Components of

Crude Oil. Fluid physical properties can reflect the direction of
the crude oil migration. To better understand the properties of
crude oil, the oil test data of 4 industrial oil flow wells in the
Gaosheng area are collated and analyzed. At 20 °C, the crude oil
density is basically between 0.84 and 0.96 g/cm3. As can be seen
in Table 3, the Gaosheng area is dominated by light oil.32 The
viscosity ranges from 85.9 to 1446.3 mPa·s.

The fraction composition data of crude oil samples are
presented in Table 3. The samples were all normal fractions. The
percentages of saturated hydrocarbon, aromatic hydrocarbon,
asphaltene, and nonhydrocarbon were 61.6%−73.3%, 8.9%−
15.8%, 6.5%−13.4%, and 5.6%−14.3%, respectively. Their
average contents were 66.5%, 12.2%, 11.1%, and 10.2%,
respectively (Table 3).

Table 2. Data Table of Source Rock Geochemical Analysis of Shahejie Formation in the Western Depression of Liaohe Basina

layer TOC (%) S1 + S2 (mg/g) HI (mg/g TOC) Tmax (°C) vitrinite reflectance (Ro) (%)

Es3 0.03−1.19/0.19 (26) 0.05−12.6/1.6 (28) 73−92/84 (12) 432−445 0.28−1.29/0.68(39)
Es4 0.14−8.02/2.35 (26) 0.03−62.34/12.58 (24) 16−803/348 (58) 423−463 0.3−1.26/0.76 (37)

aNote. Data: minimum−maximum/average value (number of samples).

Figure 4. Organic matter abundance evaluation of Shahejie Formation
source rocks in the Western Depression of the Liaohe Basin.

Figure 5. Classification chart of organic matter types of Shahejie source rocks in the Western Depression of the Liaohe Basin.

Figure 6.Ro values of Es3 + Es4 source rocks vary with depth in Chenjia
Sag, the Western Depression of the Liaohe Basin.
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4.3. SaturatedHydrocarbon Characteristics.The source
of organic matter can be determined by the characteristics of n-
alkanes.32 The ratios of Pr/Ph, Pr/nC17, and Ph/nC18 can reflect
the sedimentary environment and maturity.33 If the value of Pr/
Ph is less than 0.5, it reflects a strong reducing paste salt
environment; if the value of Pr/Ph is from 0.5 to 1, it reflects a
reducing environment, and if the value of Pr/Ph is greater than 1,
it indicates an oxidizing environment. The lower the values of
Pr/nC17 and Ph/nC18, the higher the degree of thermal
evolution of organic matter.34,35

The main peak carbon of n-alkanes of oil in the Gaosheng area
is C17 (Figure 7). The crude oil maturity is low, and its oil-
generating parent material is deposited in a reducing brackish
water environment (Figure 8). The n-alkanes of the Es4 source
rocks in Chenjia Sag are bimodal, and themain peaks are C17 and
C23. Pr/nC17 ranged from 0.52 to 2.79, while Ph/nC18 ranged
from 1.2 to 4.39, and the average Pr/Ph value was 0.84,
indicating that the whole sample was in a weakly reductive to
reductive brackish environment (Figure 8). The abundance of n-
alkanes in Es3 source rock samples is low, and the main peak
carbon is C17. The Pr/Ph value was low (0.31). During the
deposition of Es3, the depression was in the stage of drastic
subsidence, forming a wide-deep-lake to a semi-deep-lake

Table 3. Physical Properties of the Crude Oil in the Gaosheng Area

well
oil-bearing
series

depth
(m)

density/g·cm−3

(°@20 °C)
viscosity/mPa·s
(°@50 °C)

saturated
hydrocarbon

aromatic
hydrocarbon asphaltene nonhydr-ocarbon

GG2 Pt 2518 0.87 85.9 64.5% 9.1% 12.1% 14.3%
GG2 Pt 2697 0.89 144.9 65.2% 10.9% 10.2% 13.7%
GG2 Pt 2741 0.89 1446.3 61.6% 12.8% 13.2% 12.4%
GG14 Pt 2160 0.84 88.27 64.5% 13.6% 12.6% 9.3%
GG14 Pt 2190 0.87 156.9 65.4% 15.6% 10.6% 8.4%
GG14 Pt 2420 0.87 1359.6 67.3% 15.8% 11.3% 5.6%
GG14 Pt 2642 0.96 86.7 69.7% 11.3% 12.5% 6.5%
GG15 Pt 3695 0.88 49.67 65.6% 9.8% 13.4% 11.2%
GG16 Pt 2675 0.8905 354 68.7% 12.5% 12.4% 6.4%
GG16 Pt 2679 0.8905 354 66.1% 13.6% 7.7% 12.6%
average value 66.5% 12.2% 11.1% 10.2%

Figure 7. Chromatography−mass spectrum characteristics of crude oil and the source rock in the Gaosheng area.

Figure 8. Correlation diagram of Pr/nC17 and Ph/nC18 of Es3 and Es4
source rocks in the Western Depression.
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environment, and thick mudstone was deposited. Combined
with Figure 8, this reflects that the Es3 source rock was formed in
a reducing deep-water environment.36,37

4.4. Characteristics of Sterane and Hopane. C27−C28−
C29 regular steranes are commonly used to identify the source of
parent materials. C27 steranes are mainly from lower aquatic
organisms and algae, but C29 steranes are from terrestrial higher
plants or diatoms and brown algae.38 The maturity of organic
matter can be reflected by ααα-C2920S/(20S + 20R), C29ββ/
(ββ + aa), C31 hopane 22S/(22S + 22R), and Ts/Tm, and the
ratio increases with an increase in maturity.39 For domestic

continental sediments, the organic evolution stages of αα-
C2920S/(20S + 20R) parameters are less than 0.2 (immature),
0.2−0.3 (low maturity), and greater than 0.3 (mature).40

Gammacerane is widely considered to be a marker of brackish
depositional environments, and an increase in water salinity
results in a high gammacerane index (gammacerane/C30
hopane) and low Pr/Ph.38

The steranes of Gaosheng crude oil mainly consist of C27−C29
regular steranes, and the regular sterane distribution pattern
includes “√” type (C29 > C27 > C28) and “L” type (C27 > C29 >
C28). The crude oil in Pt formation is mainly “√” type,

Figure 9.GC−MS analysis of the crude oil in the Gaosheng area. Oil samples from (a, b) well GG2, (c, d) well GG14, (e, f) well GG15, and (g, h) well
GG16; mudstone samples from (j, m) GG1 and (k, n) GG2.
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accompanied by a small quantity of “L” type, and C29 regular
steranes dominate, which reflects that the oil source material is
mainly higher plants, accompanied by a few lower aquatic
organisms (Figure 9).
The ratio of regular steranes to 17α (H)-hopanes indicates the

contribution of eukaryotes (mainly algae and higher plants) and
prokaryotes (bacteria) to the deposition of organic matter.
Generally speaking, high regular sterane/hopane values (greater
than 1) reflect marine organic matter of planktonic or benthic
algae, while low regular sterane/hopane values (less than 1)
reflect terrigenous or microbial modification.40 The crude oil in
the Gaosheng oilfield has low ααα-C2920s/(20S + 20R), low
C29ββ/(ββ + αα), low Ts/Tm, and low (pregnane + pregnane)/
ααα-C2920R, which reflect the low maturity of crude oil (Table
4). The high gammacerane index and regular sterane/hopane
ratio of crude oil in the Gaosheng oil area indicate that the
deposit is mainly a brackish water environment, and the oil-
generating parent material may be mixed with algae (Figure 9a−
h).
The distribution of C27−C28−C29 regular steranes in Es4

source rocks is “√”, showing that the source material of oil
generation is diverse, which is the dual input of higher plants and
aquatic organisms. The peak value of C30 hopane was the
highest. The average values of ααα-C2920s/(20S + 20R),
C29ββ/(ββ + αα), and C31 hopane 22S/(22S + 22R) are 0.23,
0.26, and 0.53, respectively, and the value of Ts/Tm is 0.3,
reflecting that the Ro of source rocks is low. The gammacerane
index is 0.22, showing that Es4 source rocks were formed in
saline water (Figure 9j,k).
The regular steranes of the Es3 source rock are ″√″ type. The

values of ααα-C29 20S/(20S + 20R), C29 ββ/(ββ + αα), and C31
hopane 22S/(22S + 22R) were 0.21, 0.36, and 0.54, respectively.
The value of Ts/Tm is 0.62, and the value of gammacerane/C30
hopane is 0.33, indicating that the Es3 source rock is dominated
by the low-maturity and mature stages. The sedimentary
environment is more saline than Es4 (Figure 9m,n).

5. DISCUSSION
5.1. Hydrocarbon Generation Potential of the Source

Rocks.The S1 + S2 value of the source rocks was evaluated based
on the TOC content and rock pyrolysis parameters. All four
wells reached oil windowmaturity.41 High TOC content and HI
values indicate that the S1 + S2 value in this area is good. Types
II1 and II2 are the dominant kerogen types and are consistent
with previously published data from this formation (Figure 5).42

Changes in the TOC content and HI value indicate the
heterogeneity of source rocks (Figures 4 and 5). Overall, the
formations studied varied significantly in thickness, TOC
content, and HI values. However, both sets contain intervals
with high oil generation potential.
The oil generation range of the Western Depression almost

covers the whole area, and the hydrocarbon generation intensity
is between 2.5× 106 and 50× 106 t/km2. The high-value areas of
Es4 and Es3 are mainly in Niuxintuo Sag in the Shuguang area.
The oil generation intensity of many large oil fields is greater
than 3 × 106 t/km2 (Figure 10).43,44 This indicates that the
source rocks in the Gaosheng area have a sufficient oil source
and have the potential to form large reservoirs.
5.2. Oil and Source Rock Correlation. 5.2.1. Comparison

of n-Alkane Characteristics. By comparing the relative
abundance of n-alkanes in the chromatogram of saturated
hydrocarbons of the source rock and crude oil, the oil−source
relationship can be intuitively compared. Proterozoic crude oil T
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in the Gaosheng area and Es4 source rock in Chenjia Sag show
similar characteristics (Figure 11). The relative abundance of the
main peak carbon nC17 was the highest, indicating a good
relationship between the two.

5.2.2. Comparison of Biomarkers of Steranes. According to
the analysis of the C27−C29−C28 regular sterane characteristics
of Shahejie Formation crude oil in the Gaosheng area, combined
with the proportion of composition of the crude oil family, it is

Figure 10.Hydrocarbon generation intensity diagram of Es3 and Es4 source rocks in the Western Depression of the Liaohe Basin (reproduced based
on the data of the Liaohe Oilfield).

Figure 11. Comparison of distribution curves of oil−source n-alkanes in the Shahejie Formation of the Gaosheng area.

Figure 12. Comparison of oil−source Regular sterane content characteristics in the Shahejie Formation and Western Depression of Liaohe Basin.
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concluded that the hydrocarbon generation parent material type
of oil in the Gaosheng oilfield is mainly from the double input of
lower aquatic organisms and terrigenous higher plants, and the
latter dominates. By comparing regular sterane characteristics of
oil and source rocks of different strata, we recognize that the
Proterozoic oil in the Gaosheng area has regular sterane
characteristics similar to Es4 source rocks of Chenjia Sag, with a
high gammacerane content and low Ts/Tm value, indicating
that they have a good genetic relationship (Figures 9 and 12).
Many previous scholars have used this method to compare oil
sources.15,34,44

5.3. Implication for Oil Accumulation. The Gaosheng
reservoir is located in the hub of tectonic activity and has various
trap types. It is a complex oil area with multiple layers, complex
oil sources, and multiple oil charging. It is difficult to analyze the
distribution and control factors of oil. Through a comparison of
the oil source, various accumulation factors of the accumulation
system can be studied. Combined with the characteristics of the
regional geological evolution, the formation process of oil
reservoirs can be finally revealed to clarify the exploration
objectives. It has been proved that the accumulation character-
istics of this accumulation system are relatively simple, which
mainly shows the characteristics of single-source and two-stage
charging.45 The oil−source correlation plays a crucial role in
simplifying complex issues.46

The comparison of oil and source rock correlations provides
direct evidence to identify oil transport systems. Through fine
oil−source correlation, we can see that the characteristics of
biomarkers of crude oil are consistent with those of Es4 source
rocks. Because of the good regional cap rock conditions and
numerous faults, oil migration is mainly lateral, with a long
lateral migration distance and a large amount of oil migration
(Figure 13). Through 3D seismic interpretation, it is confirmed

that there are obvious faults in this area, which is conducive to
connecting the Gaosheng reservoir and Es4 Source rock. Similar
results have been found in previous studies.47,48

6. CONCLUSIONS
The Gaosheng area is located in the middle north of the western
depression, but its crude oil characteristics and oil sources are
not clear. Therefore, n-alkane and sterane biomarker fingerprints
were adopted to analyze the oil−source correlation.
The hydrocarbon generation range of the Western

Depression almost covers the whole area, and the oil generation
intensity is 2.5 × 106−50 × 106 t/km2, which indicates that the

source rocks in the Gaosheng area have a sufficient oil supply
capacity and the potential to form a large reservoir.
Based on the comparison between the n-alkane and sterane

biomarker fingerprints of the crude oil and the source rocks, it is
concluded that the crude oil comes from terrestrial lacustrine
source rocks, but there are some differences in biomarkers
between them. The results of biomarker oil−source correlation
showed that the crude oil mainly came from the Es4 source
rocks. The oil−source correlation provides a basis for
determining the transport path of crude oil and then provides
support for the analysis of the accumulation process.
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