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Abstract: The theory of “source rock control” has evolved from source-rock-control hydrocarbon 
accumulation, to effective source-rock-control hydrocarbon accumulation, and to high-quality source-
rock-control hydrocarbon accumulation. However, there are problems, such as whether high-quality 
source rocks exist or not? What high-quality source rocks are, and how to identify them, are yet to be 
agreed upon. Aimed at this issue of concern to explorationists, and taking the Beier Sag in the Hailaer 
Basin as an example, this paper de nes the high-quality source rocks and the lower limit for evaluation 
of high-quality source rocks, by using the in ection point on the relationship curve of hydrocarbon (oil) 
expulsion, which is calculated by the material balance principle, versus total organic carbon (TOC). 
The results show that when TOC is low, all source rocks have limited hydrocarbon expulsion and slow 
growth rate, thus they cannot be high-quality source rocks. However, when TOC rises to some threshold, 
hydrocarbon expulsion increases signi cantly with TOC. This in ection point should be the lower limit of 
high-quality source rocks  those with TOC greater than the in ection-point value are high-quality source 
rocks. In addition, the lower limit of high-quality source rocks is also related to the type and maturity of 
organic matters in the source rocks, as well as the mineral components of the source rocks affecting the 
residual hydrocarbons. Theoretically, the lower limit of high-quality source rocks depends on geological 
conditions rather than being a constant value. However, for the sake of simplicity and practicability, in 
this paper TOC=2.0% is regarded as the lower limit of high-quality source rocks. The examination of 
such standard in the work area indicates that the high-quality source rocks in members K1n

2 and K1n
1 

of the Nantun formation contribute 7 % and 82% to oil generation, and 9 % and 91% to oil expulsion ,  
respectively. The distribution of high-quality source rocks is also closely related to the distribution of 
hydrocarbon reservoirs in the region, demonstrating that high-quality source rocks control hydrocarbon 
accumulation.

Key words: High-quality source rocks, material balance, oil generation, oil expulsion, hydrocarbon 
generation potential, Beier Sag
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1 Introduction
Hydrocarbon (HC) generation is a prerequisite for 

hydrocarbon migration and accumulation. So the theory 

of “source rock control” provides important guidance 
for improving the success rate of prospecting wells in 
hydrocarbon exploration. However, the content of “source 
rock control” theory does not remain unchanged. Instead, 
it has experienced development and evolution  In the 
early days, it is generally regarded as “source-rock-control 
hydrocarbon accumulation”. For instance, the key exploration 
principle of “delimiting a depression and its boundaries” used 
in prospecting China’s continental basins in the early days 
is a speci c demonstration of such thought; Later on, it was 
gradually recognized that it is “effective source rocks” that 
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control hydrocarbon accumulation and distribution of oil and 
gas pools. “Effective source rocks” refer to those source rocks 
that have generated and expelled commercial hydrocarbons. 
Generally, they are mature source rocks with good kerogen 
type and high total organic carbon (TOC) (Tissot and welte, 
1978; Pang et al, 1995; Jin et al, 2000; Jin, 2001; Zhang et 
al, 2001). Nevertheless, with improving exploration practices 
and study, more and more geologists and geochemists tend 
to think that the major contributors to the commercial pools 
may be those mature high-quality source rocks which are not 
necessarily thick but have very high TOC (generally of good 
types), rather than those widely-distributed thick source rocks 
with low TOC. This is the thought of “high-quality source 
rock-control hydrocarbon accumulation” (Zhang et al, 2003; 
Zhu et al, 2004; Hou et al, 2008; Jin et al, 2008; Wang et al, 
2009b; Pang et al, 2009; Qin et al, 2007; 2009; Tenger et al, 
200 ; Liu et al, 2009; He et al, 2010). Zhang et al (2003) 
believe that all of the giant elds with reserves of 100 million 
tonnes or above in the Jiyang Depression are closely related 
to high-quality source rocks. The theory of “high-quality 
source-rock-control hydrocarbon accumulation” has realistic 
significance especially in the complex continental faulted 
basins where lithology and lithofacies vary considerably 
and hydrocarbon migrates over short distances. Research by 
many scholars shows that high-quality source rocks have 
an important control effect on hydrocarbon accumulation, 
particularly for the lithologic reservoirs in the Jiyang 
Depression and Dongpu Sag (Hou et al, 2008; He et al, 2010).

By now, a lot of research on high-quality source rocks 
has been undertaken in the geochemistry field, especially 
by Chinese scholars. The research contents include the 
paleo-climate, paleo-sedimentary settings, petrological, 
geochemical, biomarker and maceral characteristics, space-
time distribution and dominant controlling factors related 
to high-quality source rock development, the relationship 
between high-quality source rocks and volcanic activity, 
upcurrents and hydrocarbon accumulation, and the 
identification and prediction of high-quality source rocks 
(Chen et al, 200 ; Pedersen and Calvert, 1990; Moldowan 
et al, 1985; Liu et al, 2001; Li et al, 2008; Kong et al, 2000; 
Li and Xiao, 1988; Zhu and Jin, 2002; Li et al, 198 ; Wang, 
1990; Fu et al, 1991; Tang, 198 ). However, agreement 
has not yet been reached on a standard of identifying high-
quality source rocks, which is of more concern to field 
explorationists. For instance, Zhou (2009) regards the 
mudstones with TOC>2% as high-quality source rocks 
through analysis of the data of the East China Sea and the 
Pearl River Mouth Basins; Zheng et al (2007) also take 
TOC=2% as the standard for identifying high-quality source 
rocks when they investigate the source rocks in the Nanpu 
Sag; Qin et al (2009) use the standard of TOC 2% when they 
study the high-quality source rocks of marine facies, but Qin 
thinks that for high-quality source rocks with type I kerogen, 
the lower limit of residual TOC can be about 1.5%; Hou et al 
(2008) adopt TOC>3% as the criterion for identifying high-
quality source rocks, based on analyzing the source rocks in 
the Jiyang Depression. They further classi es the high-quality 
source rocks with higher TOC (TOC> %) as better source 
rocks enriched with more organic matter; Wang et al (2009b) 

see source rocks with good kerogen type and TOC>1.0% as 
high-quality source rocks contributing greatly to hydrocarbon 
accumulation when they studied the Tertiary source rocks 
of salt lake facies in West Qaidam; Liu et al (2009) set 
TOC>5.0% as the standard for identifying high-quality source 
rocks when studying the source rocks in the Hailaer Basin. In 
contrast, foreign scholars regard source rocks with TOC>2% 
as high quality, and source rocks with TOC>4% as very high 
quality (Hou et al, 2008).

More importantly, the criteria for evaluation of high-
quality source rock, given by the above scholars, are mainly 
empirical, without a theoretical basis and without convincing 
evidence. Aimed at this problem, and takes the Beier Sag 
in the Hailaer Basin as an example, this paper investigates 
the standard for evaluation of high-quality source rocks 
and the relationship between high-quality source rocks and 
hydrocarbon accumulation.

2 Geologic overview of the Hailaer Basin
The Hailaer Basin is located in the southwest of the 

Hulunbeier League, Inner Mongolia. It is the most important 
replacement area for the Daqing prospect area. The Beier Sag 
is one of the two key oil-bearing sags in the central fault belt 
of the Hailaer Basin, and also the major target of hydrocarbon 
exploration in the basin.

The basin base is mainly composed of Pre-Paleozoic 
and Paleozoic series. The sedimentary caprock consists of 
the Lower Cretaceous Tamulangou, Tongbomiao, Nantun, 
Damoguaihe and Yimin formations, the Upper Cretaceous 
Qingyuangang formation and Tertiary and Quaternary series 
of Cenozoic (Fig. 1). Among them, the possible source 
rocks, namely, the dark mudstones, coal mudstones and 
coal beds enriched in organic matters are primarily located 
in deep lake, semi-deep lake and marsh facies belts of the 
Nantun, Damoguaihe and Yimin formations. Most parts 
of the shallow-buried Damoguaihe and Yimin formations 
have not reached the maturity threshold, thus are unlikely 
to be effective source rocks in the region. In addition, 
explorationists normally divide the Nan-1 Member of Nantun 
formation (K1n

1) into the complex lithologic interval and 
the special lithologic interval according to their different 
sedimentary characteristics and logging curve characteristics, 
and these two intervals are generally evaluated separately. 
Taking this into consideration, the evaluation criteria of high-
quality source rocks are discussed separately targeting the 
two members (K1n

1 and K1n
2) of the Nantun formation as well 

as the complex and special lithologic sections.
Complex cycle section  it is characterized by complex 

depositional cycles (reversed cycles) with alternating 
sandstones and mudstones. The lithologic section is generally 
50-250 m thick, composed of 2-3 complex sedimentary 
cycles. Moderate acid alternating sandstones and mudstones 
enriched with sand dominate the section. On the seismic 
profile, there are sub-parallel to parallel reflections, and a 
large scale regional truncated surface dominates the top. In 
terms of logging curves, acoustic and density curves increase 
signi cantly, high GR, high resistivity, low uranium and high 
potassium responses are observed, and the logging curves 
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have even zigzag features.
Special lithologic section  it is a sandstone-mudstone 

alternating interval deposited in an environment where the 
water body was stable when the whole region subsided 
slowly under the background of gentle paleo-landforms. 
This is also reflected by passive rifting sedimentary 
features. The lithologic section is generally 40-100 m 
thick, with high-resistivity mudstones, oil shale and muddy 
limestones developed in aggradation. The logging curves are 
characterized by high GR, high resistivity, low uranium and 

high potassium responses.

3 Identification of the lower limit of high-
uality source rocks

3.1 Research thought Are there high- uality source 
rocks present  What are high- uality source rocks

Since only those source rocks which have generated 
and expelled hydrocarbon can make material contributions 
to hydrocarbon accumulation, it is easy to understand that 
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“effective source-rock-control hydrocarbon accumulation” 
can reflect the control of hydrocarbon accumulation by 
source rocks more objectively than “source-rock-control 
hydrocarbon accumulation”, thus effective source-rock-
control hydrocarbon accumulation is more valuable in 
guiding oil and gas exploration. However, “high-quality 
source-rock-control hydrocarbon accumulation” is a subject 
yet to be proved. Although “high-quality source rocks” can 
generate and expel more hydrocarbon thanks to their higher 
TOC and better kerogen type compared to equivalent volume 
of effective source rocks, whether or not “high-quality source 
rocks” contribute more to hydrocarbon accumulation depends 
on their relative scale to effective source rocks, considering 
the development and distribution scales of “high-quality 
source rocks” are often smaller than that of “effective source 
rocks” with a little lower TOC. For instance, the study of the 
Raoyang Sag in the Bohai Bay Basin undertaken by Wang 
et al (2009a) shows that the oil generated by high-quality 
source rocks accounts for 25% of the total oil in the sag, 
even though the thickness and volume of the high-quality 
source rocks is only 10% that of the gross source rocks in the 
sag. This indicates the high-quality source rocks contribute 
far less than a half to the hydrocarbon accumulation in the 
Renqiu paleo-buried hill reservoirs. If this is truly the case, it 
is not convincing to say that high-quality source rocks control 
hydrocarbon accumulation. Instead, they control hydrocarbon 
accumulation together with effective source rocks.

If there is a linear relationship between hydrocarbon 
expulsion of source rocks and their TOC (as the dashed line 
shown in Fig. 2), then, the concept of “high-quality source 
rocks” is not very important at least theoretically. The reason 
is that the reduction in TOC (meaning the hydrocarbon 
expulsion reduces proportionally) can be compensated by 
increasing equivalent volume of source rocks. Under normal 
geologic settings, the source rocks with lower TOC are 
generally developed in larger scale, which can compensate 
the lower TOC in per unit mass. However, if the relationship 
between hydrocarbon expulsion of source rocks and their 
TOC is the solid line as shown in Fig. 2, or there is a clear 
inflection point on the hydrocarbon expulsion versus TOC 
curve, it is necessary to present the concept of “high-quality 
source rocks” and highlight its importance  above the 
inflection point, the growth rate of hydrocarbon expulsion 
with TOC is signi cantly higher than that below the in ection 
point. In other words, when having the same absolute TOC, 
the source rocks above the in ection point expel much more 
hydrocarbon than those below the in ection point. The source 
rocks above the inflection point are the high-quality source 
rocks, and this inflection point is the lower limit of high-
quality source rocks. If there is a second in ection point on 
the curve when the growth rate of hydrocarbon expulsion 
accelerates as TOC rises, it is necessary to classify a group of 
better source rocks among the high-quality source rocks.

Therefore, as long as the hydrocarbon expulsion versus 
TOC curve can be obtained, one can determine whether 
high-quality source rocks exist or not, then determine the 
evaluation standard of high-quality source rocks. Among the 
available methods for evaluating the hydrocarbon expulsion 
of source rocks, the material balance theory, namely the 

quantity of hydrocarbons expelled is equal to the quantity of 
hydrocarbon generated minus the quantity of hydrocarbon 
residual (Qexpelled=Qgenerated–Qresidual), is of wide validity and 
feasibility (Pang, 1995; Lu et al, 2002). In view of this, the 
material balance method is used to discuss the concept of 
“high-quality source rocks” and their evaluation criteria in 
this paper by taking the Beier Sag as an example.

3.2 Calculation of hydrocarbon generation (i.e. 
uantity of hydrocarbon generated, Qgenerated) per unit 

mass source rocks
(1)0 0

generated TOC IHQ X

where, TOC0 is the original total organic carbon in the 
source rocks (%), IH0 is the original hydrocarbon generation 
potential in unit mass of TOC (mg-HC/g-TOC or kg-HC/
t-TOC, which reflects the type of kerogen), and X is the 
rate of hydrocarbon generation (%). X can be calculated by 
using chemical kinetics, and the details can be found in the 
previous paper (Lu, 199 ; Lu et al, 2007; 2009) for its theory, 
procedures and calculation results. The original organic 
carbon and original hydrocarbon generation potential are 
calculated with the residual organic carbon and hydrogen 
index, respectively, based on chemical kinetics, of which the 
principle and application are reported in the previous paper 
(Lu et al, 1995). Fig. 3 shows the relationship between the 
IH0 and TOC0 of the K1n

1 source rocks in the Beier Sag. The 
amount of generated hydrocarbon corresponding to different 
TOC levels is easy to calculate using Eq. (1) based on the 
data shown in Fig. 3.

3. 3 Calculation of residual hydrocarbon (oil) (Qresidual) 
of unit mass of source rocks

The measured chloroform asphalt “A” in source rocks 
can be seen as the residual oil in unit mass of source rocks. 
The only thing needed to do is to convert its unit so that the 
measured chloroform asphalt “A” and the oil generation is in 
the same unit (kg/t source rocks). Due to the heterogeneity 
of source rocks, the amount of chloroform asphalt “A” of 
the same source rock layer at the same burial depth with the 

Fig. 2 Concept of high-quality source rocks and the evaluation standard
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same TOC may differ greatly in different horizontal positions. 
Therefore, the half amplitude value (or the average value at a 
speci c depth interval or within a speci c range of TOC) of 
the envelope curve of the source rock layers can be used in 
calculation.

3.4 Relationship between the amount (Qexpelled) of HC 
expelled from (unit mass of) source rocks and TOC 
as well as the lower limit of high- uality source rocks

With the material balance principle of Qexpelled=Qgenerated–
Qresidual, it is easy to calculate the oil expelled from different 
source rocks in different sags but with the same TOC (and 
corresponding hydrocarbon generation potential) (Fig. 4). 
It can be seen from Fig. 4 that when TOC is low, the oil 
expulsion is really limited. This is because the oil generation 
is too small an amount to provide the residual amount in 
various forms (i.e. absorption, dissolution and hold by pores) 
in the source rocks. However, as TOC rises, the generated 
oil increases if other conditions (kerogen type and maturity) 
are almost unchanged, and a large amount of oil is expelled 
after enough oil remains in the source rocks in various forms 
(Pang, 1995). In other words, as the oil expulsion increases 
with TOC, there is an obvious in ection point on the curve. 
This shows that the relationship between the hydrocarbon 
expulsion of source rocks and their TOC is as the solid line 
shown in Fig. 2 at actual geological conditions. Namely high-
quality source rocks exist at geological conditions. Clearly, 
above the in ection point, the source rocks are of high quality, 
and the TOC corresponding to the point is the lower limit of 
high-quality source rocks. In this way, it is easy to calculate 
the lower limit of TOC (TOC0) of different source rock layers 
in different sags, and this lower limit of TOC can be used for 
identifying high-quality source rocks (Table 1). It can be seen 
from Table 1 that the TOC lower limit of high-quality source 
rocks are different for different source rocks (corresponding 
to different geologic conditions), and ranges from 2.2 to 3.0. 
The reason will be discussed in the next section. It should 
be pointed out that TOC0 mentioned here refers to original 
organic carbon. Since there is not another in ection point on 
the TOC0 hydrocarbon expulsion curve, it seems unnecessary 
to create an identi cation standard of very high-quality source 
rocks among the high-quality source rocks.
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1200

1000

800

600

400

200

0
0 2 4 6 8 10

Type I

Type II1

Type II2

Type III

IH
0 , 

m
g/

g 
TO

C

Fig. 3 Relationship between TOC and hydrocarbon generation potential 
of the K1n

1 source rocks in the Beier Sag

60

50

40

30

20

10

0
0 2 4 6 8 10

Complex cycle section
Type I

Type II1

Type II2

Type III

TOC0, %

Q
ua

nt
ity

 o
f H

C
 e

xp
ul

si
on

 (Q
ex

pe
lle

d)
kg

/t 
so

ur
ce

 ro
ck

s

16

12

8

4

0
0 1 2 3 4 5

K1n2

Type I

Type II1

Type II2

Type III

Q
ua

nt
ity

 o
f H

C
 e

xp
ul

si
on

 (Q
ex

pe
lle

d)
kg

/t 
so

ur
ce

 ro
ck

s

TOC0, %

60

0

50

40

30

20

10

0 4 6 8 102

K1n1
upper

Type I

Type II1

Type II2

Type III

TOC0, %

Q
ua

nt
ity

 o
f H

C
 e

xp
ul

si
on

 (Q
ex

pe
lle

d)
kg

/t 
so

ur
ce

 ro
ck

s

Fig. 4 Relationship of HC expulsion versus TOC in the 
Beier Sag (per unit mass of source rocks)

50

40

30

20

10

0
0 2 4 6 8 10

Special lithologic section
Type I

Type II1

Type II2

Type III

TOC0, %

Q
ua

nt
ity

 o
f H

C
 e

xp
ul

si
on

 (Q
ex

pe
lle

d)
kg

/t 
so

ur
ce

 ro
ck

s

Pet.Sci.(2012)9 10-17



15

Table 1 Lower limit of TOC of the source rocks in the Beier Sag

Layer
The lower limit of TOC, %

Original TOC0 Residual TOC 

K1n
2 2.70 2.15 

K1n
1

upper 3.00 2.37 

Special lithologic section 2.20 1. 3 

Complex cycle section 2.30 1.73 

3.5 Factors in uencing the standard of high- uality 
source rocks and the lower limit of residual TOC

3.5.1 High- uality oil source rocks and high- uality gas 
source rocks

As described above, the discussions in this paper mainly 
focus on oil source rocks. This is because that most of the 
source rocks in the target region have good kerogen types 
(Fig. 3), and their maturity is within the oil window range, 
furthermore the pools discovered in the basin are primarily 
oil reservoirs. In fact, the lower limit for identifying high-
quality gas source rocks can also be determined based on 
the principle of Qgas expelled=Qgas generated–Qresidual gas. But it is 
more difficult to determine the residual gas of the source 
rocks (Qresidual gas=Qabsorbed gas+Qdissolved gas+Qgas remained in pores) than 
to determine the residual oil (which can be roughly 
determined with chloroform asphalt  A or S1.  Pang 
(1995) have already established an evaluation model 
(Qresidual gas=Qabsorbed gas+ Qdissolved gas+Qgas remained in pores), but there 
is still a lot of work to do to accurately obtain the relevant 
parameters. Currently, research on shale oil and gas is 
being conducted both in China and abroad, and it can lay a 
foundation for building more accurate residual gas model in 
the future. An evaluation standard for high-quality gas source 
rocks needs much more in-depth study. 
3.5.2 In uence of geologic conditions on the lower limit of 
high- uality source rocks

As discussed above, the hydrocarbon expulsion generally 
increases as TOC rises, but only when reaches a threshold 
TOC value, the hydrocarbon expulsion may have an in ection 
point on the Qexpelled versus TOC curve and grow signi cantly 
with increasing TOC, and the source rocks above the 
in ection point are of high quality. From the above discussion, 
the de nition of high-quality source rocks can be given as the 
source rocks with TOC high enough to exceed the point when 
a large amount of hydrocarbon is expelled. High-quality 
source rocks are generally of high TOC, good kerogen type 
and moderate maturity (oil source rocks) or high maturity 
(gas source rocks). However, the lower limit of high-quality 
source rocks is different under different geologic conditions  
Besides TOC all the geologic factors directly influencing 
the hydrocarbon generation and residuals and consequently 
in uencing the hydrocarbon expulsion may affect the lower 
limit of high-quality source rocks, such as the type and 
maturity of organic matter. Generally, except for special 
geologic conditions favoring the generation of immature-low 
maturity oil (Lu et al, 2001), immature-low maturity source 

rocks are unlikely to become high-quality source rocks. The 
closer to the oil generation peak (for oil source rocks) or 
the higher the maturity (for gas source rocks), the lower the 
TOC lower limit for high-quality source rocks; the better the 
kerogen type, the lower the TOC lower limit for high-quality 
source rocks. Actually, it can be observed in Fig. 4 that the oil 
expulsion of source rocks with type III and type II2 kerogen 
is always low, and it is impossible for such source rocks to be 
of high quality; in addition, the mineral components in source 
rocks can also impact the source rocks’ ability to absorb and 
retain oil and gas (Pang, 1995), thus affecting the lower limit 
of high-quality source rocks.
3.5.3 The lower limit of residual TOC of high- uality 
source rocks

It should be noted that the lower limit of TOC mentioned 
above refers to the original TOC (TOC0) rather than the easily 
measured residual TOC. Obviously, it is not as convenient as 
the residual TOC in application. Therefore, the TOC0 should 
be converted into residual TOC. Fortunately, the residual 
TOC is easy to be calculated based on the present burial depth 
and thermal evolution history of the source rocks in every 
sag, and the results are shown in Table 1. The lower limit of 
residual TOC of the high-quality source rocks from different 
layers (corresponding to different geologic conditions) 
differs  it ranges from 1. 3 to 2.37, with an average value of 
about 2.0.

Strictly speaking, the evaluation standard for high-quality 
source rocks under different geologic conditions should be 
quantitatively determined using the above method, and the 
calculated lower limit will vary as the geologic conditions 
change. But this is rather complicated and not easy to 
apply. Taking the explorationists and geologists’ habits into 
consideration, a simpli ed standard is recommended in this 
paper based on the above results  TOC=2.0% can be the lower 
limit for evaluating high-quality oil source rocks. Since all 
types of kerogen (type I to III) are found in the source rocks 
in the study region, dominated by type I and type II1 (Fig. 3),
and the maturity of the source rocks are within the oil 
window, so this standard should be applicable to evaluation 
of the oil source rocks within the oil window.

4 Contribution of high- uality source rocks 
to hydrocarbon accumulation

It is easy to build a model for calculating mudstone TOC 
from logging data, by the means of logging geochemical 
method, namely, using the correlation between the measured 
TOC and the resistivity as well as the correlation between 
the measured TOC and the acoustic time (Liu et al, 2011). 
In this way, the mudstone TOC of nearly 100 wells in the 
sag can be calculated from point to point. Then, the ordinary 
source rocks and high-quality source rocks in the region can 
be determined with TOC=2.0% as the lower limit to identify 
high-quality source rocks. Furthermore, the total mass of the 
ordinary and high-quality source rocks together with their 
respective oil generation and oil expulsion can be determined. 
The results are shown in Fig. 5 and Fig.  respectively. As 
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Fig. 5 Mass of source rocks and high-quality source rocks in the Beier Sag
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shown in the gures, the mass ratio of the high-quality source 
rocks in K1n

2 and K1n
1 (including the special lithologic 

section and the complex cycle section) is not high (4 % on 
average), but their contributions to oil generation reach 7 % 
and 82% respectively, and their contributions to oil expulsion 
are as high as 9 % and 91% respectively. This indicates the 
huge contribution of high-quality source rocks to hydrocarbon 
accumulation. The distributions of K1n

1 high-quality source 
rocks and oil reservoirs shows that the K1n

1 high-quality 
source rocks have obvious source control effect on the oil 
pools (Fig. 7).

5 Conclusions
1) The lower limit of high-quality source rocks can be 

determined by using the in ection point on the hydrocarbon 

(oil) expulsion versus TOC curve of source rocks calculated 
based on the material balance principle, and the source rocks 
with a TOC higher than the inflection point value are high-
quality source rocks. In other words, high-quality source 
rocks can be defined as source rocks where the TOC is 
high enough to exceed the point when a large amount of 
hydrocarbon is expelled. They are generally the source rocks 
with high TOC, good kerogen type and moderate maturity (oil 
source rocks) or high maturity (gas source rocks).

2) Theoretically, the in ection point on the hydrocarbon 
expulsion versus TOC curve, or the lower limit of high-
quality source rocks, is related to the type and maturity 
of the organic matters in the source rocks as well as the 
mineral components of the source rocks affecting the residual 
hydrocarbons. Therefore, the lower limit of the high-quality 
source rocks depends on geological conditions rather than 
being constant. However, for the sake of simplicity and 
practicability, it is recommended that TOC=2.0% is regarded 
as the lower limit of high-quality source rocks.

3) The application of the standard in the work area 
indicates that the high-quality source rocks make more 
contribution to oil generation which is obviously higher than 
their weight proportion in total source rocks. Particularly, they 
control the oil expulsion. The distribution of hydrocarbon 
reservoirs in the region is also closely related to the 
distribution of high-quality source rocks, demonstrating that 
high-quality source rocks control hydrocarbon accumulation.
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