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Located in the northern South China Sea, Chaoshan Depression is 
mainly a residual Mesozoic depression, with a construction of Meso-
Cenozoic strata over 7000m thick and good hydrocarbon accumulation 
conditions. Amplitude attribute of -90°phase component derived by phase 
decomposition is employed to detect Hydrocarbon in the zone of interest 
(ZOI) in Chaoshan Depression. And it is found that there are evident 
amplitude anomalies occurring around ZOI. Phase decomposition is applied 
to forward modeling results of the ZOI, and high amplitudes occur on the 
-90°phase component more or less when ZOI is charged with hydrocarbon, 
which shows that the amplitude abnormality in ZOI is probably caused by 
oil and gas accumulation.

Keywords:
Chaoshan Depression
South China sea
Amplitude attribute of -90° phase component
Hydrocarbon detection

1. Introduction

Chaoshan Depression is located in the northern South 
China Sea (Figure 1). The geological study of this depres-
sion began in the early 1990s, and it was found that the 
lower tectonic layers were Mesozoic marine sediments, 
with the largest thickness of about 7000m, which has the 
potential to generate hydrocarbons and the conditions to 
form various types of oil and gas traps [1-13]. Chaoshan De-
pression is a residual Mesozoic depression, which experi-

enced mid-late Jurassic subsidence, late Jurassic to early 
Cretaceous uplift, superimposed burial of early to late 
Cretaceous, and then late Cretaceous Uplift and erosion. 
The Guangzhou Marine Geological Survey Bureau divid-
ed the Chaoshan Depression into five secondary tectonic 
units, namely Eastern Sag, Western Sag, Central Low 
Uplift, Northern Slope, Central Slope and Western Slope. 
Among them, ZOI in Central Low Uplift is selected as a 
favorable exploration target (Figure 1). This article will 
elaborate on petroleum potential and hydrocarbon detec-
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tion analysis of the target.

Figure 1. the location map of ZOI in Chaoshan Depression

Due to the shortage of available drilling data, reliable 
petrophysical data and hydrocarbon information in the 
target area of the Chaoshan Depression (Figure1), there is 
a large uncertainty in the direct prediction of oil and gas 
with conventional techniques. In order to make a break-
through to the situation of Mesozoic oil and gas explora-
tion in the Chaoshan Depression, this study applies phase 
decomposition amplitude attribute analysis techniques for 
direct hydrocarbon detection.

2. Petroleum Geology Conditions in Cha-
oshan Depression

Well LF35-1-1 confirmed that Chaoshan Depression 
is filled with Cretaceous continental sediments and Mid-

dle-Late Jurassic marine sediments, among which Mid-
dle-Late Jurassic marine sediments have good petroleum 
geological conditions [14-15].

2.1 Source Rocks

The upper part of the Middle-Upper Jurassic strata 
revealed by well LF35-1-1 is composed of gray-black 
veined layered mudstone, argillaceous siltstone with si-
liceous rock, containing a small amount of micrite lime-
stone; the lower part is gray-black veined layered mud-
stone and shaly siltstone with sandstone, limestone. The 
mudstones are rich in organic debris. A set of river-lake 
sediments is generally made up of the Cretaceous strata. 
The upper part is a combination of purple mudstone, silt-
stone and sandstone with a small amount of marl, and the 
lower part is a combination of gray grained layered mud-
stone, siltstone and sandstone, containing some organic 
debris (Table 1).

2.2 Reservoir Conditions

According to the formations revealed by well LF35-
1-1 and seismic data interpretation, there may be two 
sets of reservoirs in the Chaoshan Depression. One set is 
the river-lake sandstone reservoir in Cretaceous, and the 
other set is coastal-shallow sea sandstone, slope fan and 
basin-bottom fan sandstone in the Upper-mid Jurassic, 
and sandstone and limestone reservoirs in transgressive 
system tracts.

The seismic profile (Figure 2) across ZOI shows that a 
set of limestone layers with stable thickness are distribut-
ed on the top of the Middle Jurassic (Tj2 interface). A set 
of submarine fan sandstones advancing from SE to NW 
are developed on the top of the Upper Jurassic. The fan 

Table 1. Dark mud-rock properties at well LF35-1-1

Interval
(m) Strata Thickness Lithology Paleo-strata 

thickness
Effective source 
rock thickness

TOC(%) Evaluation

Min-max Average
(Number of samples)

977-1369 K 392 Dark mud-rock 0 0 0.05-0.54 0.10(25) Non-source

1369-1698 K 329

Tuff 33 0 0.06-0.30 0.15(6) Non-source

Dark sandy mud-
rock 45.5 0 0.06-0.11 0.08(15) Non-source

Tuff 215 0 0.14-0.63 0.27(28) Non-source

1698-2412 J2+3 713 Dark sandy mud-
rock

529.38
(with tuff and 

sandstone 
reduced)

82.87 0.5-1.15 0.70(36) Poor-moderate 
source

46.16 1-1.48 1.32(11) Moderate to good 
source
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root (inner fan and levee deposits) is located on southeast 
of the profile. And mid-fan mainly develops in middle and 
northwest with mid-fan channel deposits, where there are 
sandstone reservoirs of the best properties. Mid-fan fron-
tal deposits develop in northwest.

Figure 2. seismic facies interpretation profile for reser-
voirs of ZOI

2.3 Seal Conditions

According to well LF35-1-1, multiple layers of mud-
stones encountered in this well are thick, and the maxi-
mum thickness of an individual layer is more than 30 m. 
They should have good sealing capabilities and serve as 
important regional cap rocks in the area. In addition, there 
are many sets of mudstones in the Middle-Upper Jurassic, 
and these mudstones are mostly characteristics of contin-
uous or poorly continuous, medium or weak amplitude 
reflections on the seismic profile. According to the seismic 
profile, the distribution of these strata is stable, which can 
also serve as a regional cap rock.

3. Amplitude Attribute of -90° Phase Compo-
nent by Phase Decomposition

Phase decomposition is a unique and creative technolo-
gy for hydrocarbon detection, originated by Castagna [17]. 
The acoustic impedance variations caused by pore fluids 
or lithology changes do not always produce very obvious 
amplitude anomalies on conventional post-stack profiles. 
By decomposing seismic traces into different phase com-
ponents and suppressing unwanted phase components, it 
is possible to identify some subtle hydrocarbon, lithologi-
cal changes or anomalous responses caused by sand chan-
nels, where significant amplitude anomalies occur at the 
expected phase components. This technology has become 
a very effective tool for special geological body identifica-
tion and hydrocarbon detection [18-19].

Based on spectral decomposition [20], any seismic trace 
can be decomposed into 2D functions, amplitude spec-
trum and phase spectrum. A seismic trace S (t) is a 1D 
function whose amplitude varies with time. The amplitude 
spectrum A (f, t) is a 2D function whose amplitude varies 
with both time and frequency, and the phase spectrum θ 

(f, t) is a 2D function whose phase varies with time and 
frequency also. If we combine the amplitude spectrum 
and the phase spectrum into a function A (f, t) * cosθ (f, 
t), then a two-dimensional function representing reflection 
amplitude changes with phase and time can be obtained 
by the following formula:

 		    (1)

Where f1 and f2 are the starting and ending frequencies 
of the band. We define this function as phase gather. Any 
desired phase component in the specified frequency band 
is extracted as follows:

∫=
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Where θ1 and θ2 are the starting and ending phases of 
the phase band. In this way, the seismic reflection events 
with specific spectral characteristics can be suppressed 
or enhanced. The process of decomposing a seismic trace 
into a two-dimensional function of amplitude with time 
and phase is called phase decomposition. The amplitude 
change with time at a specific phase is referred to as a 
phase component. The seismic reflections caused by small 
impedance changes in the layer below the tuning thick-
ness can be amplified, making specific geological features 
easier to discover. Any pair of reflection coefficients can 
be expressed as the sum of an odd and an even compo-
nent. The reflection coefficients of even component are 
the same in size and sign, and those of odd component are 
the same in size and opposite in sign (17). As to an indi-
vidual thin layer, the impedance variation changes the re-
flectivity of odd component, and thus the phase of the lo-
cal reflectivity, while the even component remains almost 
unchanged. A phase filter can be designed and applied to 
seismic data based on the method described above, and 
the odd component may show an obviously strong ampli-
tude anomaly at the location where weak amplitude ap-
pears originally. Especially in the case of low-impedance 
thin gas or light oil sands (bright spots), the amplitude 
abnormality corresponding to gas saturation will appear in 
the -90° phase component. Therefore, in practical appli-
cations, amplitude attribute analysis of -90° phase compo-
nent is often used as a means for hydrocarbon detection.

4. Forward Modeling Analysis of Hydrocar-
bon Detection in Chaoshan Depression

-90° phase component technology for hydrocarbon 
detection has achieved excellent results in practical ap-
plications. In the exploration target area of Chaoshan De-
pression, there is no well drilled available. It is wondered 
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that the technique of phase decomposition and -90° phase 
component hydrocarbon detection can achieve good re-
sults. We conduct forward modeling using the reservoir 
properties adjacent to the Chaoshan Depression to see 
what will happen to the amplitude attribute of -90° phase 
component if target reservoir contains oil and gas, and 
whether it can predict oil and gas.

4.1 Model Establishment

The main purpose of establishing the forward model 
is to investigate the response characteristics of the ampli-
tude of the -90° phase component to oil, gas or brine. The 
forward modeling is implemented using Leonardo tech-
nology and then the response characteristics of the two 
attributes with different pore fluids are summarized.

In practical work, there are three types of impedance 
changes for reservoir and its surrounding rocks: ① The 
impedance of surrounding rocks is higher than that of oil, 
gas or brine reservoirs, and oil-gas reservoirs are charac-
teristics of bright spots; ② The impedance of surround-
ing rock is lower than that of oil, gas or brine reservoirs, 
and oil-gas reservoirs is characteristics of dim spots; ③ 
The impedance of surrounding rock is lower than that of 
brine-bearing reservoirs, but higher than that of oil-gas 
reservoirs, which shows polarity reversal (Figure 3). 

Figure 3. Assemblage patterns of reservoir and surround-
ing rocks

According to the above assemblage patterns for res-
ervoir and the surrounding rocks, and the drilling data of 
well LF35-1-1 in northern slope, the geological model is 
established firstly according to the lithology combination 
and velocity changes in the target area. The upper Jurassic 
stratum is the target zone, with a depth of about 1700-
2300 meters. The lithology of the overlying rocks includes 
siliceous rock, mudstone, and argillaceous siltstone; and 
the reservoir lithology includes sandstone, siltstone; and 
underlying rocks are limestone. Various lithology and its 
velocity are as follows in Table 2.

Table 2. rock types and their velocities listed

Lithology Depth(m) Velocity(m/s)

Siliceous rock 1700-1900 5350

Mudrock 1950-2080 4200

Shaly siltstone and siltstone 1900-1950 2080-2200 5250

Limestone 2200-2300 5450

According to the velocity characteristics of siliceous 
rock and mudstone, the following three models are estab-
lished (Figure 4-6). For No. 1 model, the overlying rock is 
siliceous rock with velocity of 5350m/s, which is greater 
than that of the sandstone reservoir. For No. 2 model, the 
overlying rock is mudstone, and its velocity of 4200 m/s 
is less than that of sandstone reservoir. As to No. 3 model, 
the overlying rock is a combination of siliceous and mud-
stone with the velocity of 5100m/s, which is the average 
velocity of siliceous rocks and mudstones, and the cap-
rock velocity are close to that of the sandstone reservoir.

Figure 4. No. 1 model

Figure 5. No. 2 model

Figure 6. No. 3 model

4.2 Seismic Modeling in Chaoshan Depression

The forward seismic profiles corresponding to the three 
models are displayed in Figures7-9. According to the syn-
thetic profiles by forward modeling, the reservoir top of 
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model 1 is a trough, and the amplitude of oil/gas-bearing 
case is significantly higher than the brine-bearing reser-
voir. The reservoir top of model 2 is a peak reflection, and 
the amplitude when oil/gas-bearing case is significantly 
lower than brine-bearing case reservoir. The brine layer 
top of model 3 is a peak reflection, and the gas layer is a 
trough. The amplitude of the brine layer is slightly differ-
ent from the gas layer, and the oil layer is a peak of weak 
amplitude. On seismic sections, it difficult to directly 
identify the oil and gas layer.

The amplitude attribute of the -90° phase component 
is extracted on forward synthetic seismic data (Figure 10-
12). On -90o phase component profiles, it is similar that 
the gas layer has the strongest amplitude and brine layer 
the weakest amplitude, and the oil layer amplitude be-
tween gas and brine.

In Table 2, the absolute amplitude values of synthetic 
seismic data and -90° phase attributes are read from the 
three models of brine, oil and gas respectively. And am-
plitude values of -90° phase attributes are cross-plotted 
against those of synthetic seismic data (Figure 13). On the 
cross-plotting, there is not a uniform threshold to identify 
oil and gas layers for original synthetic seismic amplitude 
only, while for -90° phase amplitudes, uniform thresholds 
can be seen between brine and oil and gas. The amplitude 
value above 0.0005 is gas layer, and the amplitude be-
tween 0.0035-0.0005 oil layer, and the amplitude less than 
0.00035 brine layer.

Figure 7. Synthetic section of model 1

Figure 8. Synthetic section of model 2

Figure 9. Synthetic section of model 3

Figure 10. model 1

Figure 11. model 2

Figure 12. model 3

Table 2. Synthetic amplitudes and its phase component 
for different pore fluids cases

Model Fluids Absolute amplitude of 
synthetic data

Absolute amplitude of 
-90° phase component

No. 1

Gas 0.053 0.00051

Oil 0.041 0.00041

Water 0.028 0.00031

No. 2

Gas 0.078 0.00052

Oil 0.092 0.00042

Water 0.11 0.00032

No. 3

Gas 0.021 0.00052

Oil 0.0078 0.00043

Water 0.0052 0.00028
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Figure 13. Cross plotting for synthetic amplitudes and its 
phase component of 3 models

5. Identification of Exploration Targets in 
Chaoshan Depression

Well LF35-1-1 confirms that there are two sets of res-
ervoir-cap rock assemblages in the Chaoshan Depression. 
One is interbedded sandstone and mudstone in Cretaceous, 
and the other is the Middle-Upper Jurassic. And the latter 
is the main target interval for oil and gas exploration. For 
this main exploration target, the reservoir occurrence is 
analyzed by extracting conventional seismic amplitude 
attributes. Hydrocarbon detection is performed using -90° 
phase component amplitude attribute analysis and spec-
trum decomposition peak amplitude attribute analysis 
respectively, so as to verify the two prediction results mu-
tually and increase hydrocarbon detection confidence.

5.1 Analysis of Conventional Seismic Amplitude 
Attributes

Figure 14. Original seismic section around ZOI

Seismic amplitude attributes can indicate reservoir 
property variations to a certain extent, so the seismic 
amplitude attributes are usually applied to qualitatively 
analyze reservoir development. The seismic section along 
one favorable exploration target in the Chaoshan Depres-
sion is shown in Figure 14. On the section, the ZOI of 
Upper Jurassic shows strong reflections locally, which is 
probably the seismic response of the reservoir with better 
properties. By extracting its amplitude attribute, the lateral 

distribution range of the strong reflection of ZOI is pre-
liminarily delineated, which probably corresponds to the 
range of favorable reservoirs of ZOI (Figure 15).

Figure 15. Original seismic amplitude attribute map ex-
tracted along ZOI

5.2 -90° Phase Component Amplitude Attribute 
Analysis for Hydrocarbon Detection

The -90° phase component amplitude attribute by phase 
decomposition is used to study on the seismic section 
where there are strong reflections around ZOI, to clarify 
the distribution of abnormal amplitudes of the -90° phase 
component attribute, and then to identify its possible oil 
and gas distribution scope.

A comparison between the original seismic profile and 
the -90° phase component profile is illustrated in Figure 
16. From this comparison, strong amplitude reflections on 
the -90° phase component profile do not coincide with all 
those on the conventional seismic profile, and some strong 
amplitudes are no longer strong on -90° phase compo-
nent profile. According to the previous forward modeling 
results, strong amplitudes on the -90° phase component 
profile is probably caused by presence of oil and gas. By 
extracting the amplitude attribute of the -90° phase com-
ponent, the possible oil and gas distribution range is iden-
tified in Figure 17 on the right. 

Figure 16. the seismic section (left) and -90° phase com-
ponent section (right) of Up-Jurassic reservoir
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The comparison between the attribute map of conven-
tional amplitude and that of -90° phase component along 
ZOI is illustrated in Figure 17. There are clusters of strong 
amplitude characteristics on both maps. However, the 
strong amplitude range on the -90-degree phase compo-
nent map is reduced, and the boundary of the strong am-
plitude range is clearer, and it is more consistent structural 
contours. Obviously stronger amplitudes of -90-degree 
phase component especially occur on structural highs 
(Figure 17b). Therefore, it is speculated that the oil and 
gas accumulation is extremely likely to occur in the areas 
with high amplitudes.

Figure 17. The attribute map (left) and -90° phase compo-
nent map (right) of Up-Jurassic reservoir

6. Conclusions

For exploration frontier areas under study, there is 
much uncertainty to apply conventional seismic attribute 
analysis for identifying oil and gas prospective targets due 
to few wells available. Fortunately, the joint application 
of this method, -90° phase component amplitude attribute 
analysis by phase decomposition is an effective alternative 
in these areas. Together with its forward modeling anal-
ysis, -90° phase component amplitude attribute analysis 
method is used to predict reservoir oil and gas bearing 
property of the ZOI in Chaoshan Depression, which indi-
cates that there are probably oil-bearing layers in Upper 
Jurassic reservoirs.
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