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Abstract. The extremely thick dark mudstone of the Permian Linxi Formation in the 
Kundu-Taohaiyingzi area of northeastern China is a promising potential area for shale 
gas prospecting in the periphery of the Songliao Basin. This study involved a geological 
field survey, outcrop sample collection, and comprehensive geochemical analysis 
to conduct an in-depth analysis of the organic matter enrichment and hydrocarbon 
generation potential of the dark mudstone of the target zone, using organic petrology 
and organic geochemistry. The results show that the thermal maturity of the dark 
mudstone of the Linxi Formation is in the mature to high-mature stage. The organic 
matter is dominated by type II kerogen and supplemented by type III kerogen, and the 
average total organic carbon content is 0.76%, classifying it as a medium-good source 
rock.  The main peak of carbon numbers is primarily distributed between nC17 and nC19, 
with a smaller amount at nC21. The distribution of n-alkanes follows a pre-peak pattern 
characterized by medium and low carbon numbers, suggesting that the organic matter 
originates from aquatic plants, bacteria, and algae. Combined with the fact that the 
ratios of pristine and phytane (Pr/Ph) are mainly distributed in the range of 0.99–1.33, 
the sedimentary environment is a weakly reduced to weakly oxidized lacustrine bay. 
The systematic analysis of the source rocks of the Upper Permian Linxi Formation in 
the Kundu-Taohaiyingzi area indicates favorable prospects for shale gas exploration. 
Utilizing a comprehensive superposition method of geological information, this 
article identified the Yamen Gacha–Saihan Tala area as a potential area for shale gas 
exploration. 
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1. Introduction

As global demand for petroleum resources continues to grow rapidly, oil 
and gas exploration faces many new challenges [1]. The huge potential of 
unconventional shale gas has gained significant interest in recent years [2]. 
The shale gas revolution has transformed the United States into a net exporter 
of oil and gas. Shale gas, produced from dark mudstone rich in organic matter 
with extremely low porosity and permeability, mainly exists in mud shale 
reservoirs either in a free or adsorbed state [3, 4]. These typical characteristics 
make shale gas reservoirs highly resistant to damage [5], allowing them to 
form in formations where conventional oil and gas reservoirs are difficult to 
gather and preserve. 

The Kundu-Taohaiyingzi area is located in the eastern part of the Central 
Asian orogenic belt on the periphery of the western margin of the Songliao 
Basin, characterized by strong volcanic activity [6, 7]. The stratigraphy of the 
Linxi Formation is widely distributed, with thick sequences of dark mudstone, 
which provides a potential material base and storage site for shale gas [8, 9].

A series of studies on the hydrocarbon source rocks of the Kundu-
Taohaiyingzi area in northeastern China have been carried out by previous 
researchers. Studies indicate that the average total organic carbon (TOC) content 
of the source rocks in the Linxi Formation is 0.58–0.72%, with moderate organic 
matter abundance. The main type of kerogen is type II, with some occurrences 
of type III, categorizing these source rocks as medium to good in quality [10, 11]. 
The thermal maturity of the dark mudstone in the Linxi Formation is relatively 
high, with organic-matter vitrinite reflectance (Ro) values ranging from 2.0 to 
4.5%, placing the rocks in the high-mature to over-mature stage [12, 13]. This 
suggests that the source rocks in this region predominantly generate gas rather 
than oil [14].

Previous studies on the Linxi Formation in the Kundu-Taohaiyingzi area 
have mainly focused on local or conventional organic geochemical testing 
and analysis, which present certain limitations. Firstly, relying solely on 
organic carbon content and kerogen type provides an incomplete assessment 
of the hydrocarbon generation potential of the source rocks. Secondly, the 
high thermal maturity of the study area makes a single parameter insufficient 
to accurately evaluate the hydrocarbon generation potential. While current 
methods, such as gas chromatography–mass spectrometry (GC–MS) and 
kerogen carbon isotope analysis, offer valuable data, they may present 
uncertainties when applied to different geological contexts. In view of the high 
degree of organic matter evolution in this area, a more in-depth systematic 
analysis using unconventional multi-parameter organic geochemistry would 



239Geochemical characteristics and hydrocarbon potential of source rocks of the Linxi Formation

be important to objectively understand the hydrocarbon generation and 
accumulation prospects of the dark mudstone under review [15].

Through systematic observation, sampling of field outcrop profiles, and 
various analytical techniques – including hydrocarbon potential assessment, 
organic microcomponent analysis, multi-parameter maturity characterization, 
GC–MS, and kerogen carbon isotope analysis –, this study conducts an in-depth 
examination of the distribution characteristics and hydrocarbon potential of 
the dark mudstone of the Linxi Formation, located in the Kundu-Taohaiyingzi 
area of northeastern China. Additionally, the comprehensive overlay method 
of geological information was employed to predict the favorable exploration 
target area for shale gas, with a view to providing a scientific basis for future 
shale gas exploration in the region.

2. Geological setting

The Kundu-Taohaiyingzi area is situated in the western part of the Songnen 
Massif, on the southwestern edge of the Songliao Basin in northeastern China 
(Fig. 1). The Late Permian Linxi Formation was formed during an important 
transition from the Paleo-Asian Ocean to the Pacific Ocean tectonic domain 
[16–22]. Under the influence of the compression and collision of the Siberian 
Plateau and North China Plateau, the study area experienced multiple tectonic 
events in the Late Paleozoic [23]. During the Late Carboniferous to the 
Middle Permian, the study area was in a relatively stable extensional tectonic 
environment and developed a set of large-scale marine sediments. The ancient 
Asian Ocean was in a closed state from the Late Middle Permian to the Early 
Triassic. The seawater in the study area retreated during the evolutionary 
process from the marine phase in the Early Permian to the marine–continental 
phase in the Late Permian, which eventually led to the formation of a 
continental environment [24, 25].

The Upper Permian Linxi Formation (P3l) is the latest continental lake 
basin deposit in the above tectonic context [26, 27]. The rock assemblage 
within this formation is primarily composed of yellow-green fine sandstone, 
gray-black siltstone, gray-black mudstone, and dark gray shale, with 
stratigraphic thicknesses of 475–2900 m. Regionally, the Linxi Formation 
is in a conformable contact with the underlying Middle Permian Z heshi 
Formation and the overlying Triassic Laolongtou Formation. However, the 
Laolongtou Formation is largely absent and is mostly unconformably covered 
by Jurassic or Cretaceous strata. The Linxi Formation is characterized by the 
development of thick lacustrine dark mudstone, with a thickness of 105–975 m.  
A large amount of sporopollen fossils (Kraeuselisporites spinulosus, Urmites 
complicates), plant fossils (Paracalamites, Noeggerathiopsis), and abundant 
freshwater lamellibranchian fossils can be seen in the mudstone (Fig. 2) [28, 
29].
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Fig. 1. Regional tectonic background and location map of the Kundu-Taohaiyingzi area in 
northeastern China, revised from [21] (a), geological map (b), and typical geological profile of 
the area (c). The color figure is available in the online version of this journal.
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3. Samples and methods

Due to limited drilling in the research area, all samples of the Linxi 
Formation were collected from outcrop sampling, with a total of 23 dark 
mudstone samples obtained. The testing of samples was primarily conducted 
at the College of Resources and Environment of Yangtze University. The 
testing included TOC measurement, rock pyrolysis, kerogen carbon isotope 
analysis, microcomponent identification, and GC–MS analysis of saturated 
hydrocarbons.

Fig. 2. Comprehensive stratum histogram of the Late Paleozoic in the Kundu-
Taohaiyingzi area, revised from [48]. 
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3.1. TOC and rock pyrolysis

The mudstone was crushed to below 0.08 mm and freeze-dried to obtain 
the samples. Approximately 80–120 mg of the samples were weighed into a 
crucible, inorganic carbon was removed using dilute hydrochloric acid, and the 
TOC content was then measured. The samples were automatically analyzed 
using an OGE-VI instrument. During the pyrolysis analysis, the instrument 
was rapidly heated to 300 °C and maintained at this temperature for three 
minutes to measure the content of free hydrocarbons (S1). Subsequently, 
the temperature was raised to 600 °C at a rate of 50 °C/min and maintained 
at this temperature for one minute to determine the content of pyrolyzed 
hydrocarbons (S2).

3.2. Separation of quantitative group components and GC–MS analysis 
of saturated hydrocarbons

The samples were extracted using a Soxhlet extractor for 72 hours to obtain 
the chloroform asphalt, referred to as “A”. After precipitation and filtration 
of the asphaltene with n-hexane, a silica-alumina (2:3) column was used 
to separate the components. The hydrocarbon ingredients were eluted with 
n-hexane, n-hexane-dichloromethane (2:1), and dichloromethane-methanol 
(97:3). The GC–MS analysis of the saturated hydrocarbons was performed 
using an Agilent 6890/5975 desktop mass spectrometer and an HP-5 MS 
quartz elastic capillary column (30 m ×  0.25 mm × 0.25 μm). This experiment 
used helium as the carrier gas and adopted a detection method of full scan with 
multi-ion detection.

4. Discussion and analysis

4.1. Organic geochemical characteristics

4.1.1. Organic matter maturity

The temperature of maximum hydrocarbon generation (Tmax), the odd-even 
predominance index (OEP), and the carbon predominance index (CPI) were 
used to determine the maturity of organic matter in the dark mudstone of the 
Linxi Formation. The results indicated that the dark mudstone in this area 
generally falls within the mature to high-mature stages, where the Tmax values 
are mainly distributed between 444–574 °C . Two samples exhibit Tmax values 
between 440–450 °C, placing them within the mature stage. In addition, 12 
samples display Tmax values between 450–580 °C, indicating a high-mature 
stage (Fig. 3).

The OEP and CPI are effective in determining the maturity of samples 
[30–32]. The CPI test values of the samples from the study area range from 
1.10 to 1.15 and the OEP test values from 1.02 to 1.03, both of which are 



243Geochemical characteristics and hydrocarbon potential of source rocks of the Linxi Formation

below 1.20 (Table 1). These values clearly indicate mature organic matter, 
which is consistent with the characteristics shown by the Tmax of the samples.

Table 1. Saturated hydrocarbon parameters of source rocks in the Kundu-Taohaiyingzi 
area

Sample CPI OEP Pr/nC17 Ph/nC18 Pr/Ph nC10–21/nC15–32

2017TY03 1.13 1.02 0.18 0.16 0.99 1.00

D1052TY01 1.15 1.02 0.06 0.05 1.13 2.56

D1052TY02 1.10 1.02 0.08 0.06 1.33 1.81

D5469TY02 1.12 1.02 0.16 0.13 1.15 1.75

D5524TY01 1.11 1.03 0.04 0.04 1.09 1.32

Therefore, the comprehensive analysis shows that the organic matter in the 
Linxi Formation of the Kundu-Taohaiyingzi area has undergone a high degree 
of thermal evolution, placing it generally in the mature to high-mature stages, 
with potential for hydrocarbon generation.

4.1.2. Organic matter types

In this study, the organic matter types of the source rocks were comprehensively 
evaluated using microscopic components and kerogen carbon isotope indexes.

Microscopic identification of the microscopic components of the five 
samples in the profile revealed that they are mainly composed of amorphous 
components of the sapropelic group and unstructured vitrinite of the vitrinite 

Fig. 3. Distribution histogram of the highest pyrolysis peak temperature (Tmax) of organic matter 
in the Linxi Formation in the Kundu-Taohaiyingzi area.
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group (Fig. 4), accounting for 48–57% and 31–36%, respectively (Fig. 5). 
Different kerogen microcomponents contribute variably to hydrocarbon 
generation, and the organic matter type index (TI) can be used to classify the 
type of organic matter. The formula is as follows:

,               (1)

where A, B, C, and D are the percentages of amorphous components, exinite, 
vitrinite, and inertinite, respectively.

The TI values of the five samples ranged from 27 to 37. Based on the 
classification standard for kerogen microscopy in China’s oil and gas industry 
(SY/T 5735-1995) [33], the organic matter in the dark mudstone in the Linxi 
Formation should be mainly sapropel-humic type II2.

Fig. 4. Microscopic component characteristics of kerogen in the Linxi Formation in 
the Kundu-Taohaiyingzi area: samples 2017TY03 (a) and D1052TY02 (b). 

Fig. 5. Triangle diagram of kerogen microscopic components in the dark mudstone of the Linxi 
Formation.

Fig. 3. Distribution histogram of the highest pyrolysis peak temperature (Tmax) of organic matter in the Linxi 

Formation in the Kundu-Taohaiyingzi area. 

The OEP and CPI are effective in determining the maturity of samples [30–32]. The CPI test 

values of the samples from the study area range from 1.10 to 1.15 and the OEP test values range 

from 1.02 to 1.03, both of which are below 1.20 (Table 1). These values clearly indicate mature 

organic matter, which is consistent with the characteristics shown by the Tmax of the samples. 
Table 1. Saturated hydrocarbon parameters of source rocks in the Kundu-Taohaiyingzi area 

Therefore, the comprehensive analysis shows that the organic matter in the Linxi Formation of 

the Kundu-Taohaiyingzi area has undergone a high degree of thermal evolution, placing it generally 

in the mature to high-mature stages, with potential for hydrocarbon generation. 

4.1.2. Organic matter types 

In this study, the organic matter types of the source rocks were comprehensively evaluated using 

microscopic components and kerogen carbon isotope indexes. 

Microscopic identification of the microscopic components of the five samples in the profile 

revealed that they are mainly composed of amorphous components of the sapropelic group and 

unstructured vitrinite of the vitrinite group (Fig. 4), accounting for 48–57% and 31–36%, 

respectively (Fig. 5). Different kerogen microcomponents contribute variably to hydrocarbon 

generation, and the organic matter type index (TI) can be used to classify the type of organic matter. 

The formula is as follows: 

TI	=	 ! × #$$ % & × '$ % ( × (*+') %	. × (*#$$)
#$$

 ,                  (1) 

where A, B, C, and D are the percentages of amorphous components, exinite, vitrinite, and inertinite, 

respectively. 

The TI values of the five samples ranged from 27 to 37. Based on the classification standard 

for kerogen microscopy in China’s oil and gas industry (SY/T 5735-1995) [33], the organic matter 

Sample CPI OEP Pr/nC17 Ph/nC18 Pr/Ph nC21
–/nC15–32 

2017TY03 1.13 1.02 0.18 0.16 0.99 1.00 
D1052TY01 1.15 1.02 0.06 0.05 1.13 2.56 
D1052TY02 1.10 1.02 0.08 0.06 1.33 1.81 
D5469TY02 1.12 1.02 0.16 0.13 1.15 1.75 
D5524TY01 1.11 1.03 0.04 0.04 1.09 1.32 

(        )

(a) (b)
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There are significant differences in isotopic composition among different 
types of kerogen. Sapropel kerogen is relatively enriched in light carbon 
isotopes (δ12C) [34, 35], whereas humic kerogen is relatively enriched in 
heavy carbon isotopes (δ13C) [36]. Therefore, the carbon isotope composition 
of k erogen is an important indicator for classifying the kerogen types of 
continental source rocks.

Tests show that the δ13C values of the five hydrocarbon source rocks of 
the Upper Permian Linxi Formation are mainly distributed between –28 and 
–25.5‰. Based on the classification standard for kerogen microscopy in China’s 
oil and gas industry (SY/T 5735-1995), the kerogen should be classified as 
type II. Considering that δ13C is significantly influenced by thermal maturity, 
there is typically a variation of 2 to 6‰ due to thermal alteration [37–39]. 
Therefore, given the high degree of thermal evolution of the source rocks 
of the Linxi Formation in the study area, the obtained values of δ13C were 
somewhat reweighted. While the organic matter in these source rocks is still 
predominantly type II kerogen, it may also contain some type III kerogen.

4.1.3. Organic matter abundance

Organic matter abundance is assessed using indicators such as TOC, 
chloroform pitch “A”, and hydrocarbon potential (S1 + S2) [40]. Since the dark 
mudstone of the Linxi Formation in the study area is in a mature to high-
mature stage of thermal evolution, the peak of hydrocarbon production has 
already ended. As a result, the residual hydrocarbon generation potential of 
the kerogen is very low. The chloroform pitch “A”, total hydrocarbon content 
(HC), and hydrocarbon potential (S1 + S2) in these source rocks have become 
very low and cannot be compared with known source rocks under low maturity 
conditions. Therefore, in this study, the stacking evaluation method of residual 
TOC and S1 + S2 was used to evaluate the organic matter abundance in the dark 
mudstone of the Linxi Formation.

Tests show that the TOC values of the source rocks of the Linxi Formation 
in the study area are distributed between 0.37 and 1.21% (Table 2), with an 
average value of 0.76%. Among them, 13 samples reached the standard of 
medium shale gas source rock, while three samples qualified as good shale 
gas source rock. Further analysis of residual organic carbon content and 
hydrocarbon potential shows that the source rocks of the Linxi Formation in 
the study area are generally classified as medium-good hydrocarbon source 
rocks (Fig. 6). 

 In comparison, the Barnett Shale, which has been extensively studied, 
formed in a marine environment, resulting in high organic matter content 
and good quality. In contrast, the source rocks of the Linxi Formation in the 
study area are primarily lacustrine in origin, with all samples collected from 
outcrops. Consequently, the TOC and hydrocarbon potential of the source 
rocks in the study area are relatively low, with most samples classified as 
medium-good hydrocarbon source rocks.
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Table 2. Comprehensive evaluation data of Linxi Formation source rocks in the 
Kundu-Taohaiyingzi area

Serial 
number Sample number TOC,  

%
S1 + S2, 
mg/g

Tmax,  
°C

δ13C‰, 
PDB

1 2017TY01 1.13 1.15 289 n/a

2 2017TY02 0.93 0.16 426 n/a

3 2017TY03 0.99 0.49 513 –25.72

4 D1052TY01 0.70 0.06 450 –26.47

5 D1052TY02 0.78 0.02 441 –25.89

6 D5469TY02 0.83 0.05 504 –25.76

7 D5524TY01 0.87 0.19 574 –26.70

8 2017TY04 1.21 0.12 417 n/a

9 D5469TY01 0.86 0.03 439 n/a

10 D3018TY01 0.39 0.08 466 n/a

11 2017TY05 0.57 0.02 350 n/a

12 2017TY06 0.78 0.08 461 n/a

13 2017TY07 0.37 0.49 306 n/a

14 2017TY08 0.59 0.11 348 n/a

15 2017TY09 0.74 0.01 514 n/a

16 2017TY10 0.62 0.01 521 n/a

17 2017TY11 0.60 0.01 531 n/a

18 2017TY12 0.68 0.01 532 n/a

19 PM211TY163 0.60 0.02 444 n/a

20 PM212TY15 0.64 0.04 486 n/a

21 PM212TY42 1.16 0.04 466 n/a

22 PM212TY46 0.58 0.16 370 n/a

23 D8257TY1 0.80 0.02 348 n/a

n/a – not applicable
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4.2. Characterization of organic matter genesis and hydrocarbon potential

4.2.1. Origin and characteristics of isoprene alkanes

Fig. 6. Cross-plot of organic carbon content and hydrocarbon generation potential of the Linxi 
Formation source rocks. The data of well LD1, well LD2, and Barnett Shale are cited in [10], 
[49], and [50].

 Isoprene alkanes are a class of biomarkers that can indicate the source of organic 
matter and sedimentary environments [41]. Among these, pristane (Pr) and 
phytane (Ph) are the most abundant and widely distributed, originating largely 
from the chlorophyll a of photosynthetic organisms and the phytol side-chains 
of bacterial chlorophyll a and b in purple sulfur bacteria. Generally, a Pr/Ph 
ratio of <0.5 indicates strongly reducing depositional environments, 0.5–1.0 
suggests reducing environments, 1.0–2.0 shows weakly reducing to weakly 
oxidizing environments, and >2.0 is seen in oxidizing environments [42]. 

The Pr/Ph ratios of outcrop samples from the Linxi Formation mainly range 
from 0.99 to 1.33, with an average value of 1.14, indicating a weakly reducing 
to weakly oxidizing depositional environment. In addition, the correlation 
between Pr/nC17 and Ph/nC18 can indicate the formation environment of 
organic matter and its type [43]. Based on the distribution of the intersection 
points of Pr/nC17 and Ph/nC18, it is inferred that the study area was formed in 
a weakly reducing to weakly oxidizing depositional environment. Preliminary 
assessment suggests that the organic matter type in this area should be type II2 
(Fig. 7). This identification coincides with the organic matter type of the region 
as determined from the organic geochemical indicators described previously.
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4.2.2. Genetic characteristics of n-alkanes

Previous research indicates that low-ca rbon-numbered n-alkanes (<nC20) are 
derived from algae and microorganisms, while medium-carbon-numbered 
n-alkanes (nC21–nC25) are derived from peat moss and emergent aquatic plants 
[44–47]. Based on the saturated hydrocarbon chromatographic analysis of four 
outcrop samples in the target zone (Fig. 8), the carbon number distribution of 
n-alkanes in this area ranges from nC15 to nC32, with the main peak carbon 
numbers primarily distributed in nC17–nC19, and a small amount in nC21. 

Specifically, the n-alkane carbon number distribution in sample  
D1052TY01 from Qiaoluotu Mountain in the southwestern part of the study 
area, and in samples D5469TY02 and D5524TY01 from Taohaiyingzi in 
the north-central part, shows a pre-peak pattern of low carbon number. This 
indicates that the organic matter originates from the algae and microorganisms 
in the environment of deeper-water lakes and bays. However, the n-alkane 
carbon number distribution in sample 2017TY03 from Habutegai in the west-
central part of the study area di splays a pre-peak pattern of medium carbon 
number, suggesting a source from mosses and emergent plants in the edge 
environment of shallow lake bays. Therefore, it is speculated that the organic 
matter supply of the Linxi Formation in the study area is from lacustrine 
sediments in a terrestrial environment. 

Fig. 7. Cross-plot of Pr/nC17 and Ph/nC18 of the Linxi Formation source rocks.



249Geochemical characteristics and hydrocarbon potential of source rocks of the Linxi Formation

Fi
g.

 8
. G

as
 c

hr
om

at
og

ra
ph

y 
pe

ak
 d

ia
gr

am
 o

f s
at

ur
at

ed
 h

yd
ro

ca
rb

on
s i

n 
th

e 
Li

nx
i F

or
m

at
io

n 
in

 th
e 

K
un

du
-T

ao
ha

iy
in

gz
i a

re
a.



250 Yihang Li et al.

4.3. Hydrocarbon generation potential and prediction of favorable 
prospect areas

As can be seen from the above, the Linxi Formation in the Kundu-Taohaiyingzi 
area has developed medium to good hydrocarbon source rocks, which were 
formed in a lake bay environment with weak reduction to weak oxidation in 
a lacustrine environment. Combined with the observations and measurements 
of outcrop sections in this zone, it can be found that the dark mudstone of the 
Linxi Formation is widely distributed and exhibits great thickness. It can be 
inferred that the medium-good source rocks in the Kunlun-Taohaiyingzi area 
have significant development and resource potential.

Based on the comprehensive study of the distribution characteristics of 
dark mudstone thickness, organic matter abundance, and maturity parameter 
Tmax in the study area, it is preliminarily suggested that the Yamen Gacha–
Saihan Tala zone is a favorable prospect area. The pyrolysis peak temperature 
Tmax in this area is >435 °C, the organic matter is in the mature to high-mature 
stage, and the average abundance of organic matter is >0.6%. The thickness 
of medium-good source rock is >500 m. It is the most favorable prospective 
region for shale gas exploration in the Kundu-Taohaiyingzi area (Fig. 9), with 
an exploration area of approximately 336 km2.

5. Conclusions

1.	 The Tmax values of the dark mudstone of the Linxi Formation in the 
Kundu-Taohaiyingzi area mainly range from 444 to 574 °C, with the CPI 
and OEP test values below 1.20, reflecting that the organic matter is in the 
mature to high-mature stage. Kerogen microscopic examination shows 
TI values between 27 and 37, and δ13C values are distributed between 
–28 and –25.5‰, which comprehensively reflects that the kerogen is 
predominantly type II, with some type III. The TOC content is 0.37–
1.21%, averaging 0.76%, classifying it as a medium-good source rock.

2.	 The  carbon number distribution of n-alkanes in the Linxi Formation 
is dominated by low carbon number pre-peak types, supplemented by 
medium carbon number pre-peak types. The pristine/phytane ratios 
(Pr/Ph) are between 0.99 and 1.33, with an average value of 1.14. This 
suggests that the organic matter originates from a mixture of lower 
aquatic organisms, such as emergent plants, bacteria, and algae. The 
comprehensive data show that its sedimentary environment was a lake 
bay facies with weak reduction and weak oxidation.

3.	 The Yamen Gacha–Saihan Tala zone in the central part of the study area 
exhibits a peak temperature of thermal decomposition (Tmax) greater than 
435 °C, indicating that the organic matter has reached a mature to high-
mature stage of evolution. The average abundance of organic matter is 
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greater than 0.6%, and the thickness of the medium-good hydrocarbon 
source rocks exceeds 500 m. It is currently the most favorable prospective 
area for shale gas exploration in the Kundu Taohaiyingzi area of 
northeastern China, with an exploration area of 336 km2.
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