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Abstract

Seismic processing flow can influence the analysis of AVO
responses and change the quantitative interpretation. This
work developed an AVO analysis on old 2D seismic data
from Pelotas Basin. We choose the region containing gas
hydrate which has a characteristic AVO class IV. The
seismic processing in this region has little influence of
random and coherent noise, because above the gas
hydrate there are simple and thin geological structures. To
show the influence of processing on the amplitude
analises, three seismic processing flows were performed,
the first with noise attenuation steps only. The other two
flows with the increment of gain recovery steps: Spherical
Divergence Correction and Automatic Gain Control. As a
result, the study of the AVO in the gas hydrate of the
Pelotas basin can be used for a calibration of the seismic
processing helping in the applications in deeper areas,
besides demonstrating that if the due care is not taken in
the processing we can have erroneous interpretations.

Introduction

This work was developed with seismic data from the
Pelotas Basin in the Rio Grande Cone, a constructive
feature most likely consisting of rapidly deposited
sediments, possibly Miocene to Recent (Fontana, 1989).
The seismic data was obtained through a 2D acquisition
conducted by Petrobras in the Pelotas Basin in the late
1980s. Currently, the data used is in the public domain
under the guard of the ANP. One of the goals of this study
is to investigate the gas hydrate deposits in the Rio
Grande Cone and calibrate seismic tools and attributes for
processing and imaging. Gas hydrates are crystalline
structures formed by water molecules and stabilized by
gas molecules (usually methane) (Sloan Jr & Koh, 2007),
which occur under specific conditions. They are typically
found in continental margins with high sedimentation
rates, which promote rapid burial and preservation of
existing organic matter. Given that gas hydrates are less
polluting than other hydrocarbons and estimated to be the
world’s largest energy resource, they hold great potential
as a future energy source (Kvenvolden & Rogers, 2005).

The seismic processing workflow has a strong influence
on quantitative seismic interpretation. AVO (Amplitude

Variations versus Offset) analysis has played a crucial role
in the discovery of hydrocarbons. Responses of AVO
class anomalies are well known for specific hydrocarbon
conditions, including the case of gas hydrates.

This study conducted an AVO analysis on relatively old 2D
seismic data and investigated the influence of the
processing flow on the detection of AVO anomalies.
However, the primary objective of this work is to interpret
how the different methods of amplitude recovery affect the
AVO analysis in a CMP (Common Mid Point) gathers. A
detailed interpretation of each seismic processing flow
was made, paying close attention to efficient quality
control to evaluate its impact on the AVO attributes and
curve results.

Method

The study area is situated in the Pelotas Basin, located at
the southernmost part of the Brazilian continental margin.
It covers an approximate area of 346,000 km2, more
specifically in the depositional feature of the Rio Grande
Cone, which is the main depocentre of the basin with 11
km of sediments from the Post-Rift sequence. The data
used for the work are from a seismic line E-231-488
located in the Rio Grande Cone, which runs from NW to
NE, in deep water up to 2500 meters in depth. (Figure 1).
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Figure 1 — The E-231-488 seismic line used in this work,
located in the Rio Grande Cone in the Pelotas Basin.

To accomplish the objective of analyzing the effect of
changes in the seismic processing flow on AVO analysis
results, three different seismic processing flows were
implemented. The first flow, STD Flow (Figure 2), did not
include a gain recovery step. The second processing flow,
SD flow, included an additional step for correcting
Spherical Divergence. The AGC Flow has the addition of
AGC Gain (Automatic Gain Control) at the last stages of
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the processing.  All quality controls were performed
throughout the seismic processing to obtain the best
signal-to-noise ratio (SNR).
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Figure 2 — Seismic Processing Flows: SDT Flow: No
one steps Gain Recovery, SD Flow: using Spherical
Divergence Correction and AGC Flow: using AGC Gain

It is recognized that any alteration in the real amplitude of
seismic data should be avoided when performing AVO
analysis. However, for the purpose of this study, the third
flow was adopted to visualize the practical effects resulting
from the incorporation of these steps in quantitative AVO
interpretation.

Along the seismic line in the Pelotas Basin is possible to
see the Base of Gas Hydrate (BRS - Bottom simulation
reflectors), characterized by a distinct reflector resulting
from the decreased seismic impedance (Figure 3). This
horizon was chosen based on previous studies, such as
that of (Elionardo, 2011), which indicated the presence of
class IV anomaly response associated with Gas Hydrate.

Figure 3 — Kirchoff Pre-Stack Time Migration (PSTM)
following seismic processing AGC flow with the Bottom
Simulation Reflectors in red.

For the development of AVO analysis, it was first made the
preconditioning of the CMP gathers data from Pre Stack
Time Migration (PSTM) of the line E-231-488 divided into
two steps: NMO correction to make it as flat as possible
and angle conversion. After this treatment, the seismic
data is ready.

The AVO technique is the quantitative analysis of amplitude
variation as a function of source-receptor distance, with the
Aki & Richards (1990) and Shuey (1985) approximations
of the Zoeppritz Equations. Understanding how changes
in fluid saturation and lithology can affect the amplitudes
of reflections at different offsets as a function of incidence
angle is the key to the AVO analysis (Yilmaz, 2001) .

The AVO curve is a graphical representation with a direct
implementation in a CMP gather obtained by plotting the
amplitude response of seismic reflections at different
offsets or angles. Analyzing how the amplitude changes
with increasing offset makes it possible to infer which AVO
class (Figure 4.a) the interesting anomaly belongs to.

One of the main tools of AVO analysis is the AVO
attributes. The two fundamental attributes for this analysis
are calculated from the terms of the approximation of
Shuey (1985), the amplitude of the reflected signal
(Intercept) to the angle of incidence at zero offsets
(Gradient).  Utilizing these two attributes, a crossplot
(Figure 4.b) can be generated to determine the
corresponding AVO class of the anomaly.
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Figure 4 — (a) Rutherford & Willians classification for
AVO curve, (b) Castagna & Swan classification for AVO
crossplot.
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The Shuey two-term approximations of the Zoeppritz
equation were used to generate the AVO curve. Figure 5.a
was analyzed at a time corresponding to the BSR (1875
ms), and the response obtained from the AVO curve
analysis is a class IV (Figure 5.b). Therefore, to perform
the crossplot AVO, a polygon was designated within the
class IV area (Figure 6).

Time(ms)

Figure 5 — (a) CMP 1210 of processing SD Flow, (b) AVO
Curve at time 1875 ms, generating a class IV curve.
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To achieve the main objective of this work which was to
obtain from the comparison between the seismic
processing flows the relationship of their influence on the
result of quantitative AVO interpretation. Then, the AVO
Analysis was developed for each of the three seismic
processing flows by creating the AVO Attributes and AVO
curves for each flow.
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Figure 6 — Graph of the Intercept X Gradient Attributes
generated from the CMP gathers of SD Flow with class IV
polygon plotted.

Results

Initially, the comparison was conducted by analyzing the
CMP gathers of the Kirchhoff migration data in the time
domain, which serves as the input for performing the AVO
technique and developing the Attributes and AVO Curve.
Figure 5 presents the CMP gathers obtained from
processing the SD flow. Subsequently, the same analysis
was performed for the other seismic processing flows, and
the CMP 1210 of each flow in time 1875 ms was selected
for a detailed comparison, as shown in Figure 7. This
specific horizon corresponds to the seismic reflector of the
Base of Gas Hydrate (BSR).

Comparing, side by side, as shown in Figure 7, it's
possible to observe the differences of the same seismic
reflector for the different processing flows. Interpreting the
figure, it noted an evident correspondence of how other
implementations in the processing flow can alter the
migrated seismic data. When comparing (a) SDT Flow
and (b) SD Flow (with spherical divergence
compensation), it can be observed that the latter has
almost the same amplitude compared to the former.
However, in both flows, the amplitude decreases as the
angle of incidence increases. This does not happen in (c)
AGC Flow, which has less amplitude but almost no
variation as the angle increases.

AVO Curve

Figure 8 presents the AVO curve for each seismic
processing flow in the same order as the previous
comparison. As mentioned earlier, the presence of gas
hydrate typically results in a class IV anomaly response,
so we seek to find it when we analyze the AVO curve in
the target horizon (CMP’s 1210 at 1875 ms). Our results
show that the expected behavior was obtained except for
the processing flow with the AGC gain (c) application,
which did not get the class IV anomaly result. This result

demonstrates the importance of not applying any AGC
gain throughout the seismic processing when performing
a quantitative interpretation of AVO analysis.

AVO Attributes

Figure 9 displays the AVO crossplots for SDT Flow (a), SD
Flow (b), and AGC Gain Flow (c). The first two flows
exhibit similarities in their response patterns, although
variations in the magnitude of intercept and gradient
values are noticeable. In contrast, the AGC Gain Flow (c)
shows a distinct response characterized by predominantly
background values. Based on the results of the AVO curve
analysis and previous studies, it is established that the
Base of Gas Hydrate (BSR) exhibits a class IV anomaly.
Therefore, polygons representing this class were selected
based on the classification proposed by Castagna & Swan
(1997) (Figure 4.b).

Analyzing Figure 10, when placed side by side, we can
observe the variations in the AVO attribute responses
obtained from different seismic processing flows. In (a),
corresponding to the standard flow without any gain
recovery, the responses marked in pink are slightly less
prominent in certain areas compared to those marked in
blue (b). The AGC Gain flow (c) exhibits minimal class IV
anomaly response, indicating that the application of AGC
Gain during seismic processing significantly affects the
AVO attribute responses.

Conclusions

The present study calibrated the AVO response in a region
studied for having the delimited presence of the gas
hydrate base. For analysis of the AVO Curve, we can
conclude that an expected behavior of class IV anomaly
was obtained for all seismic processing flows except for
the flow in which AGC gain was applied, in which there
was no characterization of any AVO anomaly
classification.

When comparing these results, not only is it evident how
the seismic processing flow influences the quantitative
AVO interpretation, but also the behavior of this
interpretation differs for three different flow in both the
results of the application of the Attributes and the AVO
Curve.

Furthermore, there are differences when comparing the
AGC gain flow with the results of the other AVO attribute
responses. In the case of the AGC gain flow, it was not
possible to obtain a response in the stacked data because
the Automatic Gain Control (AGC) does not preserve the
amplitude variation with increasing offset or angle of
incidence present in the original data. This causes the
anomalies do not have a specific AVO class.

As a continuation of this scientific study, exploring
alternative techniques for amplitude recovery that
preserve the lateral amplitude variation in the CMP gather
data is suggested. Furthermore, it is recommended to
investigate additional seismic lines in the Pelotas Basin
and other basins that contain gas hydrates to consolidate
the findings of this study. By exploring different amplitude
recovery methods and expanding the analysis to different
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