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A b s t r a c t  
Amplitude Variation with Offset (AVO) is a technique that is often used as an 

indicator of the presence of hydrocarbons in seismic data. This technique uses a 

mathematical approximation of the Zoeppritz equation to determine the change 

in amplitude as a function of the angle of incidence and relates it to the rock 

properties and fluid content within it. The energy AVO attribute weight is very 

effective in identifying the presence of hydrocarbon. This is because the energy 

weighted AVO attribute, in principle, amplifies an anomalous response related to 

the presence of hydrocarbons and reduces seismic around the anomaly. The 

advantage of this attribute is its ability to distinguish the response of hydrocarbon 

anomalies to other anomalies caused by lithology such as coal. In addition, this 

attribute is applicable to pre-stack and post-stack seismic data.  
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Introduction 

The global demand for oil and gas hydrocarbons is still 

very high (1). This is consistent with technological advances and 

human life civilization which is still very dependent on oil and gas as 

the main resource (5). The need for fuels that depend on oil and gas, 

increases every year (6). On the other hand, the discovery of oil 

and natural gas is becoming increasingly challenging and the reserves 

are diminishing, making exploration and exploitation more 

difficult (7). This is because the existing wells are old, the 

technology used is outdated and other influencing factors make 

the presence of oil and gas increasingly difficult (8).  

The increase in petroleum needs is not matched with the 

increase in production causing Indonesia to be threatened with an 

energy crisis  (2). The oil reserves declining are caused by two main 

factors, namely oil exploitation and the lack of exploration or 

geological surveys to find new oil reserves (9). One of the actions that 

can be taken to support the availability of oil and gas resources is to 

carry out oil and gas exploration activities including reservoir 

characterization to find a new work area using appropriate methods  
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and technology (10). 

Geophysics is a part of natural science which is a combination of geology and physics (11). In 

a broad sense, geophysics is providing tools and data to study the structure and composition of the 

Earth's interior (3). Geophysical exploration techniques are part of a relatively new technological field 

(12). The rapid development of computer technology has made it easier to collect data and analyze 

data in geophysical exploration (13). The method in geophysical engineering that is often used in oil 

and gas exploration is the seismic method (14). Seimik is a hydrocarbon exploration method that uses 

the principle of wave propagation (15). However, at the implementation stage, this technology is very 

expensive and onerous technology. So that any data generated must be optimized in depth (16).  

Therefore, a new breakthrough is needed in the science of geophysical exploration in searching 

for the presence of hydrocarbons (4). This breakthrough is expected to be a more practical and cheaper 

solution in order to reduce the increasing exploration time and operational costs (17). In geophysical 

engineering, the science that is experiencing rapid development is seismic attributes (18). The 

Amplitude Versus Offset (AVO) method is a method that observes variations in the amplitude of the 

P wave for the appearance of bright spots or dim spots on seismic sections (19). Seismic attributes 

are all forms of information that are derived from seismic data either through computation or direct 

measurement (20). This seismic attribute is needed to clarify the presence of an anomaly that is 

invisible when seen in ordinary seismic data (21). 

Energy-weighted AVO is a new seismic attribute obtained from the Zoeppritz equation 

approach. The main principle is to increase the seismic response of sandstones that contain gaseous 

hydrocarbons to the surrounding seismic background. In addition, this attribute can distinguish the 

response of hydrocarbon anomalies from anomalies caused by other things such as coal. What's more 

interesting is that this attribute can be applied to pre-stack and post-stack seismic data. 

Research Method 

The study area, the Penobscot Field, is located to the southeast of the Canadian province of 

Nova Scotia and to the northwest of the island of Sable. The field area of the survey area is 86.62 

km2. Significant hydrocarbon discoveries on the Scotia Shelf are located in the Sable subbasin in the 

vicinity of the Sable Islands. The Penobscot field is located in an up-dip geopressure area as well as 

the Cohasset and Panuke fields. All of these fields have abundant oil reserves in the Logan Canyon 

Formation and Upper Mississauga. Meanwhile, the presence of oil and gas in the Penobscot field is 

near the Middle Mississauga Formation. The main hydrocarbon deposit in the Sable subbasin is 

located in a downdip section to the southeast of the Penobscot field. The first prospect is located on 

the edge of the Abenaki carbonate shelf, west of the main source of clastic sediments. The edges of 

this shelf are more sloping like in the Cohasset area, dominated by sandstone, shale, and limestone. 

AVO is a concept based on changes in the amplitude of the reflected seismic signal as the 

distance from the source to the receiver or offset increases. The amplitude at a small offset differs 

from the amplitude at a large offset and the offset distance is related to the angle of incidence of the 

waves. As the offset increases, so does the angle of incidence. Therefore, this concept is usually 

referred to as Amplitude Variation with Angle (AVA).  

This concept was first discovered by Zoeppritz who showed the relationship between the 

reflected and transmitted P and S wave amplitudes with the incident wave angle that is not equal to 

zero. The angles of the incident reflected, and transmitted waves follow Snell's law. 
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Figure 1. Schematic of wave propagation when it crosses  

the boundary between two media 

The amplitude, angle of reflection, and transmission of P and S waves depend on the angle of 

incidence and the physical properties of the two mediums through which the waves pass. Zoeppritz 

describes it mathematically in the following equation: 

 

However, the weakness of the Zoeppritz equation is that it does not show an easy understanding 

of the relationship between changes in the amplitude and variations in the physical properties of the 

medium through which it passes. Therefore, a number of  Zoeppritz equation approaches have been 

carried out by several experts. The equation is written by separating three factors, namely the speed 

of the P wave, the speed of the S wave, and the density. Mathematically, the equation of Aki and 

Richards is: 

 

Ostrander demonstrated the seismic response in a layer model of shale-gas-sands with smaller 

acoustic impedance properties of sandstones than shales. According to him, the change in the 

amplitude of the seismic reflection to the increase in offset is directly related to the change in Poisson's 

ratio. 

 
Figure 2. Classification of AVO classes by Rutherford and Williams 
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Several years later, Rutherford and Williams (1989) carried out a further classification and 

divided them into three classes namely: 1) AVO class 1, the large positive amplitude intercept value 

at the near offset decreases with increasing offset. Even at the far offset, there is a polarity reversal to 

be negative. The gradient value is negative and larger than AVO class 2 and 3. This anomaly is usually 

found in onshore areas with gas-sand areas that are quite hard, old, and have experienced high 

compaction; 2) AVO class 2, the small intercept values at near offsets and the small gradients with 

negative values. If the intercept price is positive, then it is called class 2p. P means there is a polarity 

reversal at the far offset. Meanwhile, if the intercept price is negative, then it is called AVO class 2, 

without any polarity reversal at the far offset. This class 2 AVO anomaly has a very small (near zero) 

impedance contrast between the gas-sand and the overlying rock (usually shale). Generally, this 

anomaly is found in moderately compacted gas-sand; 3) AVO class 3, large negative intercept values 

at near offsets and increasingly negative with increasing offsets. The impedance value of the gas-sand 

is smaller than the cover rock. This anomaly is very easy to recognize on a seismic section known as 

a bright spot. Gas-sand in this class has less compacted properties. 

 

Results & Discussion 

The most significant thing is the loss of the seismic background so that the gas-sands anomaly 

response remains. For classes 1 and 2 there is a slight attenuation on the top and base. Especially for 

class 1, the amplitudes at the top and base are collected at different offsets making it difficult to detect 

on the stack section. For class 2, the amplitude is relatively small so it is also difficult to detect on the 

stack section. 

 
Figure 3. Synthetic CDP gathers in the form of class 1, 2, and 3 AVO responses (left to right)  

after the EAVO attribute was applied. The order of lithology from top to bottom is  

shale-gas-sandstone-shale. Trough blue and peak red 

For class 3, the amplitude is relatively much larger than the class 2 response. It can be seen that 

the class 3 response experiences increased energy weighting as the angle increases. The top and base 

are easy to detect on the stack section. The class 3 AVO anomaly response is similar to the coal 

anomaly response at the ordinary gather section. Therefore, energy weighting is carried out on the 

two anomalies and see the resulting differences. Figure 4a shows the response of AVO class 3 which 

is experiencing weighted energy, while Figure 4b shows the response of coal anomaly after applying 

the EAVO attribute. It's just that, at both gathers, the seismic background or what could be considered 

noise is attenuated. This is an advantage of this attribute because it can distinguish between class 3 
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AVO anomaly responses and coal which in ordinary gather cross-sections these two responses are 

similar. 

 
Figure 4. a) AVO class 3 synthetic model (left) and response after weighting energy (right).  

(b) Coal model (left) and response after weighting energy (right) 

This analysis needs to be done to find out the effective range of angles for using this attribute. 

Figure V.3 shows the relationship curve between the amplitude change response of the class 3 AVO 

model after weighting energy and the angular range. The class 3 AVO model was chosen because 

this attribute is unique only for class 3 AVO. From the curve, it can be seen that the amplitude change 

is not significant in the narrow-angle range of 20˚. Significant amplitude changes can be seen at a 

wide angle range, which is around 30-40˚. The figure shows that this attribute depends on a wide 

angle range of seismic data to provide optimal results. 

 
Figure 5. The range angle effectiveness analysis curve on the EAVO attribute 

Checking the available geological data is an important thing. In addition, good data information 

is very important, especially those which related to rock sample experiments. Everything that 

indicates the presence of hydrocarbons is the main focus of this study. As it is known from the log 

data that there are eight layers of sandstone (sand 1, 2, 3, 3A, 4, 5, 6, and 7). This sandstone layer is 

found in the Middle Mississauga Formation. In addition, the RFT (Repeat Formation Tester) test 

showed that some of the samples taken from the sandstone layer contained hydrocarbons. 
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Figure 6. Angle gathers the seismic section on inline 1284 around the location of the  

L-30 well after applying the EAVO attribute. The angle range is 0-43˚ 

In Figure 6, it can be seen that most of the seismic background can be attenuated compared to 

the previous Figure. Figure 7 clarifies the appearance of one of the CDPs from Figure V.4. It can be 

seen that at around 1980 ms, it does not show any particular AVO anomaly response. Whereas at 

2100 ms, the seismic response showed a similar response to class 3 AVO. According to the well-

seismic-tie results, the target zone at 2100 ms fit with marker sand #4. The presence of these 

hydrocarbons can be correlated with the results of the RFT (Repeat Formation Tester) tests on rock 

samples in this zone. According to Table V.1, the sample in sand #4 contains 3800 cc of condensate 

and 10 cf of gas. 

 
Figure 7. Angle gathers seismic cross-section at one of the CDPs in well L-30 location  

after applying the EAVO attribute 
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Figure 8. Angle gathers seismic cross-section after stacking 

 
Figure 9. Cross section of the seismic gather stack that has been applied the EAVO attribute 

 
 Figure 10. Seismic cross section by directly applying the EAVO attribute to the post-stack data 

Then we have a cross-section of the stack from the regular CDP gather (Figure 8) and from the 

CDP gather that has been applied with EAVO (Figure 9). It appears that the remaining gas-containing 

sands layer is in the purple horizon, otherwise, it is attenuated. In addition, if this attribute is applied 

directly to the regular stack section, (Figure 10), the same response appears on the stack section from 

the CDP gather after EAVO. This is clearly seen from the difference between these two sections 

(Figure 11). 
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Figure 11. The difference between the two previous sections 

The interesting thing about this attribute can be seen in Figure 12 which shows the difference 

in amplitude response of the seismic section before and after the EAVO attribute was applied. As 

seen in Figure 12 to the left, the circled portion shows a relatively constant amplitude response along 

the target region (purple horizon). Whereas in Figure 12 on the right, the amplitude response in the 

circled part gradually disappears (drops) relative to the surrounding anomalies. The missing portion 

in Figure 12 on the right can then be interpreted as the absence of a class 3 hydrocarbon or AVO gas 

response. 

 
Figure 12. A comparison of hydrocarbon detection on seismic sections before (left)  

and after (right) the EAVO attribute was applied 

In fact, this attribute is working on both pre-stack and post-stack data. This is in line with what 

is shown in Equations (III.13) and (III.18). This attribute is then compared to the conventional AVO 

attribute, namely the product attribute (A*B). The results still show the same response, especially in 

class 3 gas-sand AVO (Figure 13). 
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Figure 13. Product attributes (A*B) (left), EAVO attributes from pre-stack data (middle), and post-stack data (right) 

show an anomalous response to the same gas-sand (shown by arrows) 

Conclusions 

The Energy-Weighted Amplitude Versus Offset (EAVO) attribute can identify the presence of 

hydrocarbons at a depth of about 2639 m or at a time of 2100 ms. The Energy-Weighted Amplitude 

Versus Offset (EAVO) attribute succeeded in identifying the presence of class 3 Amplitude Versus 

Offset (AVO) gas, which when compared with the AVO Product attribute, does not cause differences 

in interpretation. The Energy-Weighted Amplitude Versus Offset (EAVO) attribute can reduce the 

ambiguity of the AVO anomaly in pre-stack data by being able to distinguish Class 3 Amplitude 

Versus Offset (AVO) anomalies from other classes, including anomalies from coal. The Energy-

Weighted Amplitude Versus Offset (EAVO) attribute provides the same response for both pre-stack 

and post-stack seismic data. Implementing and utilizing the Energy-Weighted Amplitude Versus 

Offset (EAVO) attribute is both fast and simple. 
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