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Abstract: Oil and gas shows are rich in drilling wells in Kaiping sag, however, large oilfield was still not found in this area.
For a long time, it is thought that source rocks were developed in the middle-deep lacustrine facies in the Eocene Wenchang
Formation, while there is no source rocks that in middle-deep lacustrine facies have been found in well. Thickness of
Wenchang Formation is big and reservoirs with good properties could be found in this formation. Distribution and scale of
source rock are significant for further direction of petroleum exploration. Distribution characterization of middle-deep
lacustrine facies is the base for source rock research. Based on the sedimentary background, fault activity rate, seismic
response features, and seismic attributes were analyzed. No limited classification method and multi-attributes neural
network deep learning method were used for predicting of source rock distribution in Wenchang Formation. It is found that
during the deposition of lower Wenchang Formation, activity rate of main fault controlling the subsag sedimentation was
bigger than 100 m/Ma, which formed development background for middle-deep lacustrine facies. Compared with the
seismic response of middle-deep lacustrine source rocks developed in Zhu I depression, those in Kaiping sag are
characterized in low frequency and good continuity. Through RGB frequency decomposition, areas with low frequency are
main distribution parts for middle-deep lacustrine facies. Dominant frequency, instantaneous frequency, and coherency
attributes of seismic could be used in no limited classification method for further identification of middle-deep lacustrine
facies. Based on the limitation of geology knowledge, multi-attributes of seismic were analyzed through neural network
deep learning method. Distribution of middle-deep lacustrine facies in the fourth member of Wenchang Formation is
oriented from west to east and is the largest. Square of the middle-deep lacustrine facies in that member is 154 km2 and the
volume is 50 km3. Achievements could be bases for hydrocarbon accumulation study and for exploration target
optimization in Kaiping sag.
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1 Introduction
The distribution of source rocks is largely controlled by
tectonic evolution (Peilian et al., 2000). Commonly, fault
activities are favorable for the development of lacustrine
system in rift phases. High quality lacustrine source rocks
are preferentially developed in rifted lacustrine basin (He
et al., 2019; Gao et al., 2020; Cheng et al., 2020).
Therefore, As a consequence, there is a great hydrocarbon
potential in deep-water regions of the northern South
China Sea (Zhu et al., 2009). Lacustrine source rock in
Wenchang Formation is one of the two major source rocks
(Peng et al., 2016). The prediction of distribution of
source rock is of great importance in source rock
evaluation. The investigations on the scale and distribution
of the source rock have a significant impact on the oil and
gas resource assessment, the occurrence of proximal
hydrocarbon accumulation, the analysis of hydrocarbon
* Corresponding author. E-mail: xionglq2@cnooc.com.cn

accumulation mechanisms, and the search for large oil and
gas fields.
Since the 1970’s, little advance has been achieved in
hydrocarbon exploration activity. In the 1990’s, there is no
discovery. The reason is the absence of conduits like faults
betweens the source rocks and the overlying reservoirs
(Dai et al., 1998). No well was drilled until the 2011 due
to lack of confidence. In 2012, the breakthrough in
Wenchang sag drew the attentions. Until now, there are oil
and gas shows in all wells in Kaiping sag, but no large oil
and gas field was discovered. For a long period,
researchers believed that deep-lacustrine, high quality
source rocks developed in Wenchang sag. However, no
well has ever penetrated up to now. Source rocks in
Baiyun sag and Zhu I depression have been studied (Mi et
al., 2007; Shi et al., 2014), while those in Wenchang sag
are poorly understood. Therefore, there is an urgent need
for systematic investigations on the distribution and
quality of deep-lacustrine source rocks in Wenchang sag.

© 2021 Geological Society of China
http://www.geojournals.cn/dzxbcn/ch/index.aspx; https://onlinelibrary.wiley.com/journal/17556724

Acta Geologica Sinica (English Edition), 2021, 95(1): 248–258

It has been a challenge for source rock evaluation in
regions with few well (Liu et al., 2007; Gu et al., 2011).
Structural restoration (Mann et al., 2002), sequence
stratigraphy and seismic velocity analysis have been used
to evaluate the thickness and distribution of source rocks
for regions with no well (Liu et al., 2007; Mi et al., 2007;
Cao and Ye, 2008; Huang et al., 2015; Feng et al., 2017).
Rock physics and seismic data were also used to study the
spatial distribution of source rocks (Løseth et al., 2011).
For regions with a few well, sedimentary facies,
seismofacies, seismic attributes and dynamic modelling
were used to predict the characteristics and distribution of
source rocks (Cao et al., 2009; Gu et al., 2011). If
geochemical data were obtained, the relationships between
TOC and logging curves, TOC and seismic response could
be used for fitting the relationships of source rocks on well
and seismic data. Thus, quantitative evaluation and
prediction of source rock could be achieved (Herron et al.,
1988; Hou et al., 1998; Peters et al., 2006; Keym et al.,
2006; Lai et al., 2020). For regions with no well,
sedimentary facies characterization can provide constrains
for the source rocks. For regions with wells,
characterization of the distribution of both the sedimentary
facies and mudstone are the priorities.
In last decade, great developments have been achieved
in the prediction of lithofacies and sedimentary facies
using unsupervised seismic facies classification (Coléou et
al., 2003; Wrona et al., 2018; Ferreira et al., 2019; Jesus et
al., 2020) and multi-attribute neural networks (Huang and
Williamson, 1996; Cvetković et al., 2009; Malvić et al.,
2010; Cvetković and Velić, 2013) and good results have
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been obtained. Based on 3D seismic data, this study
analyzed paleo-topography and paleo-climate. Based on
the analogy of the fault displacement rate and seismic
reflection characteristics, deep-lacustrine facies in
Wenchang Formation was characterized using
unconstrained attribute clustering analysis and constrained
deep learning in neural networks. We hope to provide
evidence for hydrocarbon accumulation on the basis of
semi-quantitative to quantitative prediction of distribution
and quality of source rock.
2 Geological Settings
Kaiping sag located in Zhu II depression in
Zhujiangkou basin (Fig. 1a). It is separated from Baiyun
sag by Yunkai high (Fig. 1b). It is about 3800 km2 and
water depth is 200-500 m. The sag comprises Wenchang
Formation, Enping Formation, Zhuhai Formation,
Zhujiang Formation, Hanjiang Formation, Ehai
Formation, Wanshan Formation and Quaternary from base
to top. The Paleocene Shenhu Formation has not been
penetrated (Fig. 2). The maximum thickness of the
Kaiping sag comprises up to 22.5 km of sediment, 4.5 km
thicker than that of Baiyun sag (Pang et al., 1995).
Zhujiangkou basin has experienced complex tectonic
evolution (He et al., 2019). Since the Paleocene, Kaiping
sag has experienced five stages, including initial rifting,
continuous rifting, early subsidence and late subsidence in
post-rift phase (Fig. 2a). Both Kaiping sag and Baiyun
comprise Wenchang Formation. Kaiping sag is ascribed to
rifting sag (Zhu, 2010). The major fault bounding the sag

Fig. 1. Location of the Kaiping sag (modified from Yang et al., 2017).
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Fig. 2. Strata features of Kaiping sag (after Yang et al., 2017).

is relatively small, but has great displacement (Yang et al.,
2017).
Wenchang Formation is characterized by shoreface to
middle-deep lacustrine facies. Alluvial plain and fan delta
are developed in the periphery of the sag (Fang, 2013).
The maximum thickness of the Wenchang Formation is
ca. 5200 m in the Kaiping sag. Five boundaries are
recognized, named T81 to T85, respectively (Fig. 2b). The
Wenchang Formation was divided into six member, and
T83 was taken as the boundary between the upper
Wenchang and lower Wenchang Formation (Nie, 2017;
Zhang, 2016). The lower Wenchang Formation is ascribed
to tectonic sequence of the first rifting impulse and is
characterized by braided river delta, fan delta, shoreface
and middle-deep lacustrine facies. The upper Wenchang
Formation is ascribed to tectonic sequence of the first
rifting impulse and is characterized by braided river delta
facies (Nie, 2017; Zhang, 2016). Wenchang Formation
was considered to be major source rocks in Kaiping sag
(Pang et al., 1995). Wenchang Formation have suitable
conditions for lacustrine source rocks in the Zhu II
depression and the quality is good (Li et al., 2013, 2014).
Drilling wells reveal that the Wenchang Formation contain
a mixture of Type I and II kerogen (Yang et al., 2017).
However, no strong evidence suggests that source rocks in
the Wenchang Formation have an apparent contribution to
oil and gas (Li et al., 2013).
Previous studies indicated that high quality source rocks

were developed in the deep-lacustrine facies (Li et al.,
2013, 2014). Therefore, only when the deep-lacustrine
facies is constrained can we determine the distribution of
source rocks.
2.1 Paleo-climate and depositional environments
By analysis the combination of alga and pollen in well
A1. Fossil content is generally low below 3000 m (Fig. 3).
A large amount of Polypodiaceaesporites, Pinuspollenites
and evergreen oaks and a small amount of Alnipollenites,
Dicolpopollis kockelii and Pentapollenites were
recognized in well A1. Pentapollenites was below 2966
m. Above this depth, evergreen oaks increase dramatically
(Fig. 3a). These combination reflect warm and slightly dry
environment. Fern spore, gymnosperm pollen, spores and
pollen, fluvio-lacustrine algae and small amount of
gymnosperm pollen were recognized in 3400 and 3700 m
(Fig. 3b). Concentricystes, Prominangularia and Bosea are
indicative of non-marine, fluvial facies, indicating a wet
and warm, lacustrine environment with sufficient water
supply. Therefore, the Wenchang Formation is
characterized by fluvial and lacustrine environments.
2.2 Palaeogeomorphology and sedimentary facies
Previous studies suggested that the main sub-sag is a
half-graben bounded by northern slope and southern fault
in the early Wenchang period and by northern fault and
southern slope in the late Wenchang period (Zhang, 2016).
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Fig. 3. Sporopollen and algae content of different depth in well A1.

The base palaeogeomorphological map shows that the sag
can be divided into five sub-sag during the Wenchang
period, including west sub-sag, southwest sub-sag, main
sub-sag, north sub-sag and east sub-sag (Fig. 4a). Two
flower structures developed in the north and south of the
main sub-sag (Fig. 4b). The maximum thickness of the
main sub-sag is more than 4300 m, indicating high
accommodation. The periphery of the Zhu II depression is
erosive (Fang, 2013). During the deposition of the
Wenchang Formation, the northern Shenhuansha uplift
and eastern Yunkai high are the main source areas. The
existing fault-controlled paleo-valley, transitional belt and
paleo-trough act as conduits to deliver detrital material to
the sag. Slope break and sub-sag are depositional sites.
According to the “source to sink” analysis, the sag was
separated by five sub-sag in the early stage, characterized
by proximal depositional fans, and the water was
connected in the middle stage, characterized by deeplacustrine facies, and was covered by braided river delta in
the late stage.
Combined with previous studies and
palaeogeomorphology, sedimentary facies determined by
well logs and seismic reflection characterization, we
suggest that the Kaiping sag developed fan delta-braided
river delta-lacustrine depositional system from the
boundary to center (Fig. 5).

3 Geological
Lacustrine

Understandings

of

Middle-deep

Source rocks can only be evaluated using regional
geological and seismic data (Mi et al., 2007; Liu et al.,
2007; Cao et al., 2009; Gu et al., 2011), applied sequence
stratigraphy (Liu et al., 2007; Huang et al., 2015; Lai et
al., 2020), seismofacies and seismic attributes (Cao et al.,
2009) in regions without wells. Previous studies showed
that middle-deep lacustrine, high quality source rocks
were developed in Wenchang Formation of Kaiping sag
(Pang et al., 1995; Li et al., 2013, 2014). Therefore,
seismic characterization can be used to predict the
distribution of middle-deep lacustrine facies and source
rocks. After penetrated, the maturity and abundance of
source rocks can be predicted using seismic velocity,
lithology, Ro, TOC and so on (Peters et al., 2006; Keym et
al., 2006; Hou et al., 1998). In this study, we first use fault
displacement rate to indicate geological settings of the
source rocks, then regional seismic reflection
characteristics correlation were used to recognize deeplacustrine facies. Wells data penetrating shallow-lacustrine
facies and seismic attributes were preferred to recognized
deep-lacustrine characteristics, providing basic data to
quantitatively analyze the distribution of deep-lacustrine
facies.
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3.1 Fault activity rate
Investigations showed that there is a good correlation
between displacement of sag-bounded fault and dark
mudstone offshore area of China (Li, 2015). When the rate
of fault movement was more than 100 m/Ma, deeplacustrine facies developed in Zhu I depression (Zong et
al., 2012). It could be deduced that the rate of fault
displacement more than 100 m/Ma can be a proxy to
predict the occurrence of deep-lacustrine facies.
There is a boundary fault, named Nankai Fault (Fig.1b),
having an impact on the deposition in the south of the
major sub-sag during the early stage. Statistics showed
that fault displacement rate was constantly more than 100
m/Ma (Fig. 6). During the deposition of the lower
Wenchang Formation, fault activity rate could be up to
300-400 m/Ma during Wenchang 4 and Wenchang 5
period (Fig. 6a). During the deposition of the upper
Wenchang Formation, fault activity rate slowed down in
Wenchang 3 period, then accelerated to 300 m/Ma in
Wenchang 2 period. Finally, fault displacement rate

Fig. 6. Fault activity rate during deposition of Wenchang
Formation in Kaiping sag (see fault and profiles in Fig.
2b).

slowed down in Wenchang 1 period (Fig. 6b). Based on
the analysis, footwalls in the south of major sub-sag are
favorable for the development of deep-lacustrine facies in
Kaiping sag.

Fig. 4. Structure outline map of the basement in Kaiping sag
(a) and flower structure in main sub-sag though line4661
profile (b).

Fig. 5. Facies of the fourth member of Wenchang Formation.

3.2 Regional deep-lacustrine seismic reflections
Investigations showed that low frequency, continuous,
high amplitude or sheeted low-amplitude to blank
reflectors can be used to recognize lacustrine facies source
rocks (Mi et al., 2007; Løseth et al., 2011). Wells in
Enping sag penetrated thick deep-lacustrine mudstone
dominated by low frequency, continuous and high
amplitude reflectors. While mudstone in Lufeng sag is
dominated by low frequency, continuous and low
amplitude reflectors (Gong et al., 2014). Therefore, low
frequency, continuous reflectors are the common features
of mid to deep lacustrine facies in Zhu I depression.
Well LA-A penetrated shoreface to deep-lacustrine
facies in LF13 sag of Zhu I depression (Fig. 7). The
dominant frequency of shoreface and shallow lacustrine
facies is 31 Hz, while that of middle-deep lacustrine facies
is 15 Hz (Fig. 7), indicating a much lower dominant
frequency of middle-deep lacustrine facies in the
Wenchang Formation. This finding can be applied for the
prediction of mid to deep lacustrine facies in Kaiping sag.
3.3 Sedimentary facies and seismic spectrum in wells
Currently, there is no well penetrating mid to deeplacustrine source rock in Kaiping sag. But shoreface,
shallow-lacustrine and braided river delta facies have been
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Fig. 7. Dominant frequency values of shore-shallow lake and middle-deep lake on seismic profile that pass LF-A well.

Fig. 8. Sedimentary characteristics of braided river delta and shore-shallow lake.
(a) distributary channel, yellow conglomerate sandstone, well A1, 3153.6 m, side wall core (SWC); (b) conglomerate quartz sandstone, well A1, 3153.6 m,
casting thinsection, plane-polarized light; (c) cross-polarized light of figure b; (d) shallow lake mud, dark gray massive mudstone, Well A1, 3644.5 m,
SWC; (e) shore lake mud, green grey silty mudstone, Well A1, 3176 m, SEC; (f) shallow lake mud, organic rick silty mudstone, Well A2, 3609-3612 m,
rock debris thin section, plane-polarized light).

penetrated in the Wenchang 2 and Wenchang 3 members
(Fig. 8). Pebbly quartzose sandstone are moderately sorted
and rounded in subaqueous distributary channel
microfacies (Fig. 8a-c). While dark grey massive
mudstone (Fig. 8d) and greyish-green massive silty
mudstone (Fig. 8e) are developed in shoreface and shallow
lacustrine facies. Some mudstone were impregnated with
organic carbon (Fig. 8f). Pr/Ph ratio is 2.17, suggesting
weakly oxygenated to weakly reducing environment. TOC
value is 1.56%, indicative of moderate hydrocarbon
potential.
Shoreface, shallow lacustrine and braided river delta
facies were recognized in well A3 using side-wall core
and well logs (Fig. 9a). Seismic well tie indicated that
delta facies is characterized by moderately continuous

reflectors and apparent foreset characteristics. Shoreface
and shallow lacustrine facies are characterized by
continuous reflector and onlap characteristics with
dominate frequency of 3.15 Hz (Fig. 9b). Based on
seismic well tie, sedimentary facies was interpreted.
Middle-deep lacustrine facies have the maximum
thickness. The dominate frequency of middle-deep
lacustrine facies is about 17.5 Hz or 15.5 Hz, which is
lower than that of shoreface and shallow lacustrine facies.
We suggested that the dominate frequency of middle-deep
lacustrine facies is lower than 30 Hz (Fig. 10).
Seismic wave energy could be absorbed by strata,
which cause the dominant frequency of seismic decreasing
as the burial depth increasing (Liu et al., 2014). Dominant
frequency attenuation should be took into account when
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Fig. 9. Facies interpretation of well A3 (a) and shore-shallow lake frequency characteristics on seismic profile (b).

Fig. 10. Facies interpretation of seismic profile cross well A3 and dominant frequency values comparison between middle-deep lake
and shore-shallow lake (see profile location in Fig. 5).
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the frequencies are compared among different depth. It
shows that dominant frequency values those above 2950
ms decrease rapidly as increasing burial depth. While
those below 2950 ms decrease slowly as increasing burial
depth. And the dominant frequency decreasing rate is
about 0.7 Hz per 100 ms (Fig. 11). Burial depth difference
of the shore-shallow lake and middle-deep lake in the
study area is not beyond 300 ms (Fig. 6b), suggesting the
frequency attenuation is about 2.1 Hz. Dominant
frequency of middle-deep lake facies is 10 Hz lower than
that of shore-shallow lake facies in the same strata.
Therefore, it confirms that dominant frequency of middledeep lake facies is indeed lower than that of shore-shallow
lake facies. Thus, those with bigger thickness, lower
dominant frequency, and better continuity could be middle
-deep lake facies.
3.4 Seismic spectrum decomposition features of middle
-deep lacustrine
Above all, taking Wenchang 4 member as an example,
low frequency and continuous reflectors of 3D seismic
data covering major sub-sag was used to predict middledeep lacustrine facies (Fig. 1b).
Based on the seismic analyzing and the dominant
frequency value of shore-shallow lake, dominant
frequency of middle-deep lake in Wenchang Formation
could inferred below 30 Hz. Seismic RGB decomposition
method was used, and components of 15 Hz (R), 28 Hz
(G), and 40 Hz (B) were extracted. It suggests that
components with lower frequency and good continuity
could mark the shape of middle-deep lake. While the
components with higher frequency (>40 Hz) are hard to
mark the shape of the area (Fig. 12).
4 Distribution Prediction of Middle-deep Lacustrine
4.1 Unsupervised seismic classification
Based on the previous geological understanding, areas
with big thickness, low seismic frequency, low seismic
chaos, and near the Nankai fault could be middle-deep
lacustrine facies. While, depicting of the middle-deep
lacustrine facies should include those four conditions,

Fig. 11. Seismic dominant frequency changes with the
burial depth of Kaiping sag.
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which mark the middle-deep lacustrine facies
qualitatively. In the past two decades, methods for seismic
facies classification with seismic data directly have greatly
developed. The term “unsupervised” covers all
classification techniques relying only on input data and
not biased by the desired output (Coléou et al., 2003). The
useful results depend more upon the attributes that are
classified than upon the method (Barnes and Laughlin,
2002). Therefore, extracting the seismic attributes
reflecting geobody characteristics and classifying these
attributes step by step can increase the efficiency of
seismic facies analysis (Wrona et al., 2018). With the
using of multi-attributes unsupervised classification
method, some scholars characterized the presalt carbonate
reservoir in Santos basin (Ferreira et al., 2019) and the
Cretaceous and Tertiary turbidite channel in Canterbury
basin (Hardisty and Wallet, 2017). These studies achieved
good results. Here, first we extract seismic envelope,
dominant frequency, and variance to depict the middledeep lacustrine area. Second, we perform unsupervised
seismic facies classification to characterize the middledeep lacustrine semi-quantitatively.
With the seismic attributes of envelope, dominant
frequency, and variance, we find that envelope with high
value, dominant frequency lower than 30 Hz, and variance
with low value can mark the shape of middle-deep
lacustrine facies (Fig. 13).
The unsupervised classification result suggests that
seismic attributes reflecting frequency and continuity can
predict the middle-deep lacustrine facies in Wenchang
Formation (Fig. 13). The result also indicates that 3D
seismic survey only show part of the middle-deep
lacustrine facies in the main sag, and in the eastern part of
the main sag should developed middle-deep lacustrine
facies. This achievement is accordance with the 3D
seismic survey area (Fig. 1b) and sedimentary facies
distribution (Fig. 5).
4.2 Multi-attributes neural network deep learning
Application of supervised neural network algorithm in
petroleum geology can date back to twenty years ago
(Huang and Williamson, 1996). At present, supervised
training data mainly come from cores and well logs, which
are more reliable than seismic data. Limited by the reliable
understanding, neural network training model can predict
the lithology, properties, and sedimentary facies
(Cvetković et al., 2009; Malvić et al., 2010; Cvetković and
Velić, 2013). Therefore, existed understanding becomes
the prerequisite for supervised neural network algorithm.
No wells penetrate the middle-deep lacustrine facies in
Wenchang Formation and thus the prediction lack of
limitation of cores and well logs. Fortunately, based on the
previous studies, geological understanding of distribution
of middle-deep lacustrine in Wenchang Formation has
been established. It indicates that regional distribution of
middle-deep lacustrine on the seismic profile or horizon
revealed qualitatively. Controlled by this understanding,
the software of OpendTect with neural network deep
learning algorithm was used for the distribution prediction
of middle-deep lacustrine facies.
We first choose three seismic profiles with the interval
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Fig. 12. Seismic spectrum decomposition of the fourth
member of Wenchang Formation in Kaiping sag.
(a) Red color is dominant by spectrum that below 15 Hz. Brighter red
could mark the shape of deeplake facies; (b) Green color is dominant by
spectrum that around 40 Hz. Brighter green could mark the shape of
deeplake facies; (c) Blue color is represent the spectrums those above
60 Hz. This type of color cannot mark the shape of deeplake facies; (d)
Combination of the three dominant spectrums. Brighter colors could
mark the shape of deeplake facies.

Fig. 13. Classification results of envelope, dominant frequency, and seismic variance.

3000 training points were set in total. Seismic attributes
such as dominant frequency, frequency area, instantaneous
frequency, phase, and chaos were set as input layer.
Training as the multi-attributes neural network workflow
(Fig. 14) and limited by those 3000 training points, middle
-deep lacustrine facies was predicted quantitatively with
the technology of multi-attributes neural network deep
learning.
Distribution of middle-deep lacustrine facies is
computed through the supervised multi-attributes neural
network (Fig. 15). It suggests that middle-deep lacustrine
facies in the fourth member of Wenchang Formation has
the largest area. Middle-deep lacustrine facies developed
since the period of member 6 and enlarged during the
periods of member 5 and member 4. During the periods of
member 3 and member 2, middle-deep lacustrine facies
became smaller. Volume of middle-deep lacustrine facies
was computed and it has a distribution area of 154 km2,
volume of 50 km3. Actually, in the eastern of main sag
where out of the present 3D seismic survey also developed

Fig. 14. Multi-attributes neural network training workflow.

(a) Envelope well marked boundary of deeplake faceis, which dominant
by medium to high values; (b) Dominant frequency. Low to medium
values varying from edge to center; (c) Variance marked the shape of
deeplake facies, which dominant by low to medium values; (d) Seismic
attributes can be classified to five types. Color of green centralized around
A3 well could be inferred as deeplake facies. Red dash line is the inferred
boundary of deeplake facies.

of 200 traces from inline and crossline respectively. From
the bottom member 6 to member 2 in Wenchang
Formation, those near the Nankai fault, with big thickness,
low frequency, and good continuity are set as middle-deep
lacustrine faces. Setting the middle-deep lacustrine and
none middle-deep lacustrine places as training points. The
training points of middle-deep lacustrine were set
according to the previous geological understanding, while
none middle-deep lacustrine points were set randomly.
500 training points were set in each seismic profile, and

Fig. 15. Spatial distribution of middle-deep lake of the 3D
survey in Kaiping sag.
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middle-deep lacustrine facies.
Based on the regional sedimentary background, fault
activity rate, regional analogy, seismic facies and seismic
attributes analysis, distribution of middle-deep lacustrine
facies is characterized from qualitative description,
unsupervised semi-quantitative classification to supervised
neural network quantitative characterization.
It suggests that middle-deep lacustrine facies is mainly
developed in member 4-member 5 of Wenchang
Formation nearby Nankai fault in the main sag. The
volume of middle-deep lacustrine facies indicates a good
source rock potential. Geothermal gradient in the north of
South China Sea if very high. And the deep water area is
“hotter” than the shallow water area. High geothermal
gradient is available for hydrocarbon generation in source
rock (Li et al., 2013). Achievements in this paper can
provide volume data for hydrocarbon resources
computation. Wells in Kaiping depression have proved
good sandstone reservoirs in overlying layers (Zhang,
2016). Multi-stage tectonics (Yang et al., 2017) can lead to
the Formation of many types of structural traps and
structural-lithological traps. Nankai fault is a
synsedimentary fault that controlled sediments in main
sag. Therefore, hydrocarbon can migrate from source rock
to up layers through Nankai fault. Traps developed along
the Nankai fault in main sag could be profitable
exploration targets.
5 Conclusions
(1) Braided delta-lacustrine system was developed in
Wenchang Formation in Kaiping depression. Activity rate
of Nankai fault was bigger than 100 m/Ma during the
sedimentation of Wenchang Formation. Kankai fault
controlled distribution of middle-deep lacustrine facies in
main sag.
(2) Seismic reflection features of middle-deep lacustrine
in Wenchang Formation is characterized by low dominant
frequency and good continuity. Dominant frequency of
middle-deep lacustrine is lower than 30 Hz. Distribution
of middle-deep lacustrine can be well identified with
seismic frequency and continuity attributes.
(3) Integrating of unsupervised seismic attributes
classification and supervised neural network analysis
make the quantitative prediction of middle-deep lacustrine
come true. It suggests that middle-deep lacustrine facies
has a distribution area of 154 km2 and a volume of 50 km3
in the 3D seismic survey in main sag. The volume of
middle-deep lacustrine facies indicates a good source rock
potential.
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