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Abstract 

 
The variation in seismic energy with change in distance between shot point and receiver reflects differences in lithology and fluid content in 
strata. AVO (Amplitude Versus Offset) analysis is a technique by which geophysicists attempt to determine thickness, porosity, density, 
velocity and fluid content of strata. AVO analysis has gained lots of success both onshore and offshore oil and gas exploration, however, it is 
still in the initial stage in offshore gas hydrate exploration. First, the abnormal AVO attributes are difficult to distinguish when the free gas 
saturation of sediment is high or low enough. Second, the relationship among gas hydrate, free gas saturation and elastic parameters are not 
clear. Third, the AVO results fall under the influence of thin-layer, even show multiple solutions. However, AVO analysis showed its broad 
prospects because the free gas can be distinguished effectively from the results.  
 
In 2003, Guangzhou Marine Geological Survey (GMGS) of China Geological Survey carried out the high-resolution seismic exploration on the 
continental slope of Northern South China Sea. In addition, in 2007, GMGS carried out the gas hydrate drilling expedition. Many scientific 
data and samples such as the wire-line logs, in-situ temperatures, properties, geochemical data and sediment cores, pore water, headspace and 
void gas, etc. were obtained in Shenhu area of the northern slope of South China Sea.  
 
In this research, seismic Line A crossing the drilling site SH2 at which gas hydrate-bearing sediments were recovered between 188m and 228m 
below seafloor, was selected to study the AVO attributes of gas hydrate in Shenhu area of northern South China Sea. For improving the Signal 
to Noise Ratio (SNR) of seismic data, amplitude preservation Kirchhoff pre-stack migration has been applied to the 3-D seismic data. Some 
representative sections were showed, and the characteristics of AVO response for gas hydrate and free gas were analyzed, as well, distribution 
of thin layers of free gas which were related with gas hydrate were discussed. Lastly, the results showed that intercept, gradient, fluid factor and 
Poisson's ratio change clearly reflect the location of free gas and BSR, and the spatial relations among blanking zone, BSR, gas hydrate and 
free gas.  
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Introduction 

 
AVO (Amplitude Versus Offset) analysis helps people determine thickness, porosity, density, velocity, and fluid content of rocks. At onshore 
oil or gas fields, AVO analysis has set up lots of success cases (Tinivella et. al., 2008), but in marine gas hydrate exploration, it is unusual, and 
its results is still controversial (Song et. al., 2001): (1) It’s difficult to distinguish the AVO attributes when the free gas saturation is high or low 
enough; (2) The free gas which related and not related to gas hydrate is ambiguous; (3) Thin-layer will influence the AVO results. 
Unfortunately, not only gas hydrate but also free gas around gas hydrate is probable thin-layer. However, nobody could reject the technique 
because AVO analysis shows its broad prospects on free gas identification (Wood et. al., 2008; Rodrigo et. al., 2009; Ryu et. al., 2009). 
 
Since the late 20th century, many researchers have done a lot of AVO analysis and inversion work for gas hydrate (Tinivella and Accaino, 
2000). Chunyan Sun et al. (2000) did theoretical study on AVO forward model for BSR. Bihua Niu et al. (2006) used the AVO forward 
modeling in order to estimate the concentration of gas hydrate in Xisha Trough. For simulating the reflection characteristics of gas hydrate free 
gas and water-saturated formation, Ruan et al. (2006) used AVO numerical simulation method theoretical, though its accuracy of the result was 
impacted by thin-layer. 
 
Guangzhou Marine Geological Survey carried out high-resolution seismic exploration on the continental slope of Northern South China Sea 
between 2005 and 2006. 3D high-resolution seismic data had been collected. After target prediction, ten boreholes were drilled in 2007 in 
Shenhu area. Gas hydrate samples were recovered and many scientific data were collected (Wu, et. al., 2008). Therefore, Shenhu area becomes 
an ideal place for the research on gas hydrate. In this paper, AVO analysis was based on Line A, which crosses the successful exampled gas 
hydrate well SH2 (Figure 2). Some AVO attributes sections were showed and the AVO characteristics of gas hydrate and free gas were 
analyzed, especially the free gas around gas hydrate. It is useful to do gas hydrate exploration in north South China Sea or any other areas 
around world. 
 

Study Area 

 
The South China Sea is a marginal sea that is part of the Pacific Ocean. It lies above a drowned continental shelf (Wu et. al., 2009; Pautot et. al., 
1986). Because of the interaction of plates, the structure and sedimentary of South China Sea is complex, and it has unique geological 
characteristics of regional tectonic (Pautot et. al., 1986; Yao, 2001; Yao and Wu, 2005). The northern part of South China Sea has good 
prospects for gas hydrate occurrence. Shenhu area is located in south of Baiyun Sag and Pearl Depression II (Figure 1). The water depth is 
from 900m to 1,500m. Seabed is a slope; the northeast is higher than the southwest. Two main trenches lay under the seabed. There are thick 
hydrocarbon source rocks, such as the Wenchang-Enping Formations of Paleogene (Shi et. al., 2009). Additionally, many faults and a large-
scale diapir zone were found in this area (Sun et. al., 2008). 
 

Methodology 

 
Methane and water molecules are major components of gas hydrate (Wu et. al, 2005; Winters et. al, 2007). Methane, the free gas, always 
migrates through transport channel until it reaches HSZ (gas hydrate stability zone). Crystallization water captures methane, then, they turn into 



gas hydrate finally (Wu et. al, 2005; Winters et. al, 2007; Taylor et. al., 2000). Therefore, the existence of a large volume of hydrocarbon gas 
plays an important role in gas hydrate formation (Wu et. al., 2009). 
 
AVO analysis indicates gas from seismic data due to the difference between the P-wave velocity (Vp) and S-wave velocity (Vs). The difference 
is related to the volume of free gas, which contains in sediments pore space (Diaconescu et. al., 2001; Løseth et. al., 2009). Vp will be 
significantly reduced if there is free gas in sediment pore space but S-wave is not, because it depends on the rock matrix (Diaconescu et. al., 
2001). Different sediments have separate Vp, but some are quite familiar. This brings some fatal troubles to interpreters. For identification of 
different sediments, Poisson’s ratio has been set up. Different rocks have different Poisson’s ratio. Poisson’s ratio is a significant reference data 
in oil and gas exploitation. 
 
It is well known that gas hydrate is not quite stable. It is keeping changing balance all the time among three phase, liquid gas and solid. It can 
be infer that gas will coexist with gas hydrate in the sediment. Especially, at the top and bottom of the gas hydrate. Because the two layers are 
the phases boundary and the change of temperature and pressure here will influence gas hydrate significantly. Nature gas will release from gas 
hydrate and move to hydrate unstable zones, which locate against the gas hydrate stable zone. If this process exists and is stable, AVO analysis 
may capture it and make it as an indirect identification indicator to gas hydrate. The quality of seismic data is a key factor of AVO analysis and 
interpretation (Niu et. al., 2006; Ruan et. al., 2006; Zhang et. al., 2005). Thanks for the 3D high resolution seismic data from Guangzhou 
Marine Geological Survey. Six AVO attributes have been collected (Table 1). 
 

Results 

 
Free Gas Identification by AVO Analysis. Free gas under gas hydrate or HSZ is important methane supply. Many explorations confirm that gas 
hydrate has close spatial relationship with underlying free gas. This suggests possibility and reliability to identify gas hydrate by free gas 
identification. As usual, the impedance of gas-bearing sediments is significantly lower than the hydrate-bearing sediments, as while, the 
absolute value of P (reflect amplitude) and G (gradient) are both increased. These will strengthen the energy of P*G profile (Cordon, et. al., 
2006); Xu et. al., 2009). This is the main principle of free gas imaging in AVO attributes analysis profile. Figure 3, Figure 4, Figure 5, and 
Figure 6 show the P * G, Sign (P) * G, Poisson's ratio and fluid factor profiles of Line A, Shenhu area. In Figure 3 and Figure 4, the reflection 
coefficient of gas-bearing sediments of Line A appeared to increase clearly. The events in P*G profile (Figure 3) showed good continuity and 
the top interface of free gas zone is clear. In Sign (P)*G profile (Figure 4), because of higher resolution than P*G profile, the distribution of 
free gas zone could be distinguished easily. Then the thickness of free gas zone could be estimated easily. As the TWT (two-way travel time) 
of the top interface of P*G profile was more than 1700ms ,deeper than the bottom of hydrate stable zone, it could be infer that the huge natural 
gas was exist and migrated under gas hydrate. It supported enough methane to the upper HSZ. Strong amplitude positive anomaly in Poisson’s 
ratio profile (Figure 5) told that the event of gas-bearing sediments reflect more energy than others. That is unusual. Generally, the Poisson’s 
ratio will decrease smoothly with the increase of the depth except that there is free gas or any another low-density fluid in the sediment pore. 
Free gas will cause the decreasing of Poisson’s ratio (Tinivella and Accaino, 2000). From the core analysis, some free gas traces were tracked. 
Therefore, the identification of gas-bearing sediments in the profile by events anomalies, vertical and horizontal, is reliable and easy. Be 
compare to P*G profile and Sign (P)*G profile, the fact of underlying free gas was verified. There are three characteristics in fluid factor 
profile (Figure 6): (1) strong amplitude; (2) Negative polarity of free gas zone top interface; (3) Positive polarity of free gas zone bottom. This 



may help people trace boundary of free gas zone easily and accurately. The reason is that the exit of free gas increased the value of Vp/Vs 
(Maheswar and Kalachand, 2008). At least it works in Shenhu area. 
 
Gas Hydrate Identification on AVO attributes profiles. After review above attributes profiles, the AVO response of free gas could be 
recognized at the top and bottom interface of blank zone. It could be inferred that one of the components of free gas was methane which 
decomposition from gas hydrate. Research shows that gas hydrate is not in a stable state, as the change of temperature and pressure, it will be 
in a dynamic equilibrium state, some gas hydrate will decompose, while some will form (Bohrmann et. al., 2007). 
 
According to the log data of well SH2, the depth of BSR was calculated. It is located at about two hundred meters below seabed. Observed the 
core example at that depth, sediments around the BSR are not yet consolidated. Under normal circumstances, low impedance combination of 
sediments at sub-bottom would present positive anomalies on seismic profiles, and the high one, which has been compacted, would present 
negative anomalies (Steinar et. al., 2009). However, in Figure 7, there was clear blank zone between the sub-bottom and BSR. The most likely 
reason was that gas hydrate filled the pore of sediment. Hydrate made the porosity reduced on the profile and distributed homogeneously. It 
reduced the difference in impedance and Poisson’s ratio of different sediments, this led the lithology tend to uniformity and the AVO attributes 
of this structure presented negative anomalies. 
 
In conclusion, the AVO characteristics of gas hydrate in Shenhu area, northern South China Sea, is as follows: (1) Strong bright spot and large 
difference of Poisson’s ratio appears between the bottom of gas hydrate zone and BSR (Figure 7, Figure 8); (2) Medium or weak bright spot 
and medium or small difference of Poisson’s ratio appears at the top of gas hydrate zone; (3) dark spot or blank zone and uniform Poisson’s 
ratio difference appears at the inside of gas hydrate zone 
 

Discussion and Conclusion 

 
Based on the above results of AVO analysis, some conclusions had been drawn: 
 

(1) AVO analysis could suggest reliable and easy way to identify free gas related to gas hydrate. This would be one of trusted 
references of gas hydrate existence; 

(2) In the P*G profiles, the spatial relationship about free gas BSR and gas hydrate could be observed clearly, especially the distribution 
of free gas and the top interface of free gas; 

(3) In the Poisson’s ratio profile provides reliable evidence for the free gas zone and its boundary. It could help people determine the 
bottom of gas hydrate. 

 
However, AVO analysis can only do many works in free gas and boundary identification and determination. It is only an indirect indicator of 
gas hydrate. However, it is indeed a very valuable reliable and efficient reference. Next, pre-stack inversion, based on AVO theory, will be 
applied on high-resolution seismic data of Shenhu area. The AVO analysis results all above are the necessary and valuable first step. 
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Figure 1. Location of Shenhu area. 



                                                 
 

Figure 2. Line A and drilling site SH2 in survey 



 
 
Figure 3. P*G profile of Line A 



 
 
Figure 4. Sign (P)*G profile of Line A. 



   
 

Figure 5. Poisson’s ratio profile of Line A. 



   
 

Figure 6. Fluid factors profile of Line A. 



              
 

Figure 7. Free gas is on the top of blank zone. 



                    
 

Figure 8. Gas hydrate on Poisson’s ratio profile. 



 
 

  
 
Table 1. AVO attributes and the significances. 


