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1. Introduction

ABSTRACT

Faults are considered as one of the influential factors in hydrocarbon reservoirs. The existence of a
fault in a reservoir can create structural traps, increase permeability and create migration paths. On
the other hand, the possibility of hydrocarbon leakage, the risk of well instability, the complexity of
drilling operations, and the unbalanced distribution of hydrocarbon between the traps of a reservoir
are among the negative effects of fault in hydrocarbon reservoirs. Therefore, identifying faults and
their effects will play a key role in the process of exploration and production from hydrocarbon
reservoirs. The use of seismic attributes to improve, identify and analyze hidden information in
seismic sections, as well as better geological and geophysical interpretation, is one of the main steps
of a correct and accurate seismic interpretation. Therefore, choosing a suitable attribute to reveal the
fault and its behavior will be obvious. In this paper, by using some seismic data and application of
different seismic attributes, the strengths of PaleoScan software in detecting the fault structures by
automatic and semi-automatic methods have been practically investigated. Considering the variety of
seismic attributes of this software compared to similar software, it can be used as a powerful tool in

identifying structural discontinuities and especially oil field faults.

Seismic data are based on four fundamental principles: time,
amplitude, frequency, and attenuation (Brown, 2001) (Figure 1).
After seismic data acquisition, the data undergo a process called
seismic inversion. The primary goal of seismic inversion is to
transform reflective seismic data into acoustic impedance and
ultimately estimate the physical properties of rocks and fluids,

such as density, elastic moduli, and fluid saturation. This process

encompasses various methods, among which pre-stack and post-
stack inversion are the most widely used (Keramati, 2014). A seismic
attribute is a specific characteristic derived directly or indirectly
(through mathematical relationships) from seismic data, which aids
in describing subsurface properties such as structural variations,
lithology, reservoir characteristics, and fluid distribution. Most

seismic attributes are based on post-stack methods. These attributes
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are further categorized into two types: horizon-based and window-
based attributes. Horizon-based attributes identify and track a
specific feature along a horizon. The accuracy of these attributes
depends on the sampling rate of the seismic data, which is typically
around the temporal resolution of sampling (2 milliseconds). If the
interpreted horizon lies between two adjacent samples, the surface
attribute value is estimated through interpolation. Window-based
attributes, on the other hand, identify and track a specific feature
within a fixed time interval, fixed intervals on a horizon, or fixed
intervals between horizons. Their accuracy varies depending on the
selected time interval, typically ranging from a few milliseconds
(Brown, 2001). The PaleoScan software provides a suitable
platform for seismic interpretation and the creation of geologically
coherent models based on chronostratigraphy. Introduced by the
French company Eliis in 2009, PaleoScan has so far received limited
attention from researchers in our country. Both PaleoScan and
Petrel are widely used software tools for seismic interpretation and
reservoir analysis. However, PaleoScan, due to its volume-based
interpretation approach and a broad range of seismic attributes,
offers unique capabilities for structural analysis and sedimentary
distribution studies. One of the key differences between these two
software tools is PaleoScan’s ability to automatically and semi-
automatically generate multiple seismic attributes, which can
reduce interpretation time and enhance analysis accuracy (Figure
2). These capabilities are particularly important for complex
seismic studies, such as the analysis of channel systems or multiple
faults. In contrast, Petrel is known for its ability to integrate seismic
data, well logs, and static modeling, but it offers fewer options for
generating and interactively applying seismic attributes compared
to PaleoScan. These differences can be crucial, depending on the

project’s needs and interpretation objectives.

2. Research methodology

In this paper, the research methodology involves the application of
various seismic attributes using the PaleoScan software to identify
fault structures in hydrocarbon reservoirs. The process begins with
the acquisition of seismic data, which undergoes seismic inversion
to convert reflective seismic data into acoustic impedance, allowing
for the estimation of physical properties of rocks and fluids.

The methodology is structured as follows:

Seismic Data Preparation: The seismic data is loaded into
PaleoScan, where the variance attribute is applied to analyze
structural discontinuities. The range of this attribute is adjusted
based on the expected size of the faults—larger ranges for
significant faults and smaller for minor ones. Automatic Fault
Extraction Technique: The automatic fault extraction technique
is employed to minimize human error in fault identification. This

involves applying the variance attribute across the 3D seismic

data volume, followed by utilizing a scanning disk to analyze the
variance in terms of fault direction and dip. The outputs include
the Fault Plane Attribute and Fault Thinning Attribute, which help
in identifying and extracting faults. Fault Probability Attribute:
This attribute is applied to the 3D seismic data to enhance fault
identification accuracy. Unlike the automatic fault extraction, the
fault probability attribute focuses on prominent values within the
data, allowing for precise fault detection. Combining Outputs:
The outputs from both the automatic fault extraction and fault
probability attributes are compared to evaluate the quality of
fault detection. This step ensures that any discrepancies in fault
identification are addressed. Geological Analysis: The final step
involves analyzing the geological conditions of the selected section
based on the identified faults, which are interpreted in relation
to structural formations and regimes. The combination of these
methodologies demonstrates the effectiveness of using seismic
attributes in PaleoScan for the accurate identification and analysis

of faults in hydrocarbon reservoirs.

3. Results

3.1. Seismic attributes

3.1.1. Variance Attribute

To explain the performance of the variance attribute, it is
essential to first address the concept of covariance and its role
in seismic data analysis. Covariance, a common window-based
attribute in seismic data processing, is a crucial tool for analyzing
temporal correlations between seismic signal components. This
quantity evaluates the simultaneous variations in data over a
temporal scale. In seismic data, if the components of a seismic
wave exhibit an upward trend in timing changes (a decrease in
wave arrival time at the receiver), the covariance value will be
positive. Conversely, a downward trend (an increase in wave
arrival time) results in a negative covariance. When no changes
in temporal components are observed, the covariance will be
zero. These variations provide valuable insights for analyzing
seismic events, isolating noise, and distinguishing between
true signals and random noise (Kirlin and Done, 1999). The
variance attribute, applied to seismic data, is a tool for analyzing
and identifying structural discontinuities based on recorded
variations in covariance values. Variance assesses the degree
of data dispersion within a specific temporal or spatial range
relative to its mean. This attribute is particularly effective in
identifying geological discontinuities such as faults, channels,
and other sedimentary or tectonic structures (PaleoScan User
Guide, 2023). By enhancing contrast between areas with high
and low variations, the variance attribute serves as a powerful
tool for highlighting structural boundaries within seismic data

volumes.
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3.1.2. Automatic Fault Extraction (AFE) Technique

It can be said that in all seismic interpretation software; after
applying several seismic attributes to clarify the discontinuity of the
fault, the interpreter must identify and extract the fault manually or
semi-automatically. The manual or semi-automatic nature of this
process can increase the possibility of errors by the interpreter.
PaleoScan uses automatic fault extraction technique to solve this
problem. In this method, first, the variance seismic attribute (a type
of window attribute that is extracted from the time values of seismic
data) must be applied on the 3D volume of seismic data. In the next
step, for each cell of this volume, a scanning disk is considered
to identify the variance of the fault in terms of direction (0 to 360
degrees) and in terms of dip (30 to 90 degrees). Then, the sum of the
variance detected by the scanning disk is calculated by a Gaussian
function (the sum calculated in the center of the disk is more intense
than at its edges) or a flat function (the calculated sum along the
scanning disk is uniformly distributed), which the output of this
method will Fault Plane Attribute in the seismic data. Next, in order to
find the highest gradient from the fault plane attributes, two Hessian
methods (applying the Hessian matrix and the second derivative
on the data to find the direction of the highest gradient) or directly
(without applying calculations) are used, and the output of both
methods Fault Thinning Attribute which represents the deformation
skeleton in seismic data. Finally, the resulting skeleton is turned into
small patches separated from each other, and in every five patches,
one patch forms a fault in the direction most perpendicular to the
main skeleton process. The output of this step is also referred to as
Fault Extraction Attribute. To prevent noise from entering the fault
extraction process, a threshold can be set to remove values lower
than the value of the main skeleton. In some cases, the faults may be
close enough and coplanar, in which case PaleoScan merges them

based on the fault thinning attribute (PaleoScan user guide, 2023).

3.1.3. Fault Probability Attribute

The basis of this attribute includes the implementation of the
variance attribute. In this way, we have to apply the variance
attribute on the 3D volume of seismic data. The difference in the
function of the variance attribute in the automatic fault extraction
attribute and the fault probability attribute is in how it is applied
to the seismic data. In the automatic fault extraction attribute, the
variance was applied to the entire seismic data according to the set
direction and dip, but in the fault probability attribute, the variance
was automatically applied only to the prominent and main values
of the seismic data, and this process was efficient in the absolute
identification of the fault. will be PaleoScan allows the interpreter
to identify the fault to the highest level of accuracy when facing
smaller or larger faults by determining the appropriate interval for

the variance attribute to work (PaleoScan user guide, 2023).
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4. Discussions

In this article, a part of a suitable seismic data was selected for
fault identification using automatic fault extraction and fault
probability attributes, and the implementation and performance of
both attributes are discussed below:

4.1. Fault Identification by Automatic Fault Extraction Technique
After loading the seismic data in the software, the variance attribute
should be applied to it in the first step. If the presence of a large
fault is expected, you should increase the range of the attribute
(between 3 and 53) to an optimal level, and if the presence of a
small fault is expected, you should do the opposite. Medium to
large faults were expected in the selected section, and for this
purpose, the range was set to 35. In the second step, the fault
plane attribute should be implemented on the output of the first
step. Now, the scanning disk should perform its search based on
the size and intervals of the desired direction and dip and display
the result of this search according to one of the two Gaussian or
Flat methods. For the selected section, the size of the scanning disk
was set to 145, the direction range was from 0 to 80 degrees, and
the dip range was from 30 to 90 degrees, and the search result was
displayed based on the Gaussian method. In the third stage, the fault
plates created during the thinning process should be transformed
into deformation skeletons based on Hessian or direct methods.
For the selected sample, the direct method and the functional range
value of 5 were used. In the last stage, deformation skeletons should
be converted into faults. For this purpose, three parameters will be
required: 1- The minimum number of fault cells (between 200 and
10000; the larger the number, the larger the faults will be preserved
and vice versa). 2- The minimum effective thinning (the smallest
value that shows the deformation skeleton of the fault and Values
smaller than that will not be part of the deformation skeleton).
3- The degree of smoothing of the fault (range 1 to 20; adjusts the
intensity of smoothing and clearing possible errors of the fault).
For the selected part, the minimum number of fault cells was set to
2000, the minimum thinning was set to 0.035, and the smoothing
of the fault was set to 5, and the automatic merging mode was also

activated to connect similar parts to each other.

4.2. Identifying the Fault by means of the Fault Probability
Attribute

After loading the seismic data into the software, by applying
the fault probability attribute (without the intervention of other
attributes), a clear and immediate picture of the faults can be seen.
When running this attribute, its functional range (range 3 to 53)
should be set, so that large faults are detected in a larger range and
vice versa for small faults. For the selected section, medium to
large faults were expected, and for this purpose, the value of 35 was

considered for the performance range of the attribute.
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4.3. Combining the output of two Attributes to improve Fault
Identification

In order to evaluate the performance of two attributes and control
their quality, the outputs are placed next to the selected section and
all three are examined. Through the investigations, it was found
that three of the faults identified in the automatic fault extraction
technique are not present in the output of the fault probability
attribute and the selected part and should be removed, and parts of

a fault should be merged manually.

4.4. Analysis of the Geological Condition of the Selected Section
By observing the position of the faults in relation to each other and
horizon B, it can be said that the area in question is affected by the
tensile regime. The faults are normal and synthetic and have created

half-graben structures.

5. Conclusion

In this study, the role and significance of faults in hydrocarbon
reservoirs and the necessity of their precise identification using
seismic attributes in PaleoScan software were examined. The
results indicated that variance attributes, fault probability, and
automatic fault extraction are effective tools for detecting and
analyzing structural discontinuities in seismic data.

PaleoScan’s unique capabilities, such as automatic attribute
generationand volume-based interpretation, significantly enhancedthe
speed and accuracy of fault identification. The combination of outputs
from the fault probability and automatic fault extraction attributes
also greatly improved the quality of fault detection and analysis.

Thus, utilizing these methods and the PaleoScan software can
serve as an efficient approach for interpreting seismic data and

managing hydrocarbon reservoirs.
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Figure 1. Seismic data components and classification of seismic attributes (Brown, 2001).
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Figure 4. Show the different steps of fault plane attribute: a) Select a cell from the 3D volume of seismic data. b) How the scanning disk works

in adjustable directions and dips. ¢) Converting the outputs of the scanning disk to the fault plane attribute (PaleoScan user guide, 2023).
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Figure 5. Creating a fault thinning attribute: a) Recognition the highest gradients to reveal the fault using the Hessian or direct method. b)

Converting the highest gradients into deformation skeletons (PaleoScan user guide, 2023).
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Figure 6. Constructing the fault extraction attribute: a) Make the primary patches from the deformation skeleton. b) Turning primary patches into faults; Similar

patches will be merged at this stage. ¢) Making a fault after evaluating the patches (PaleoScan user guide, 2023).
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Figure 7. The effect of the fault probability seismic attribute works on seismic data (PaleoScan user

guide, 2023).
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Figure 8. The general process of implementing the automatic fault extraction technique.
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Figure 9. The role of variance attribute and its effect.
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Figure 10. How to set the fault plane attribute and how it works.
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Figure 11. How to set the fault thinning attribute and how it works.
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Figure 14. How to set the fault probability attribute and how it works.
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Figure 15. Quality control of detected faults according to the outputs received from the two attributes used.
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Figure 16. 3D view of the detected faults on the horizon after quality control.
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Table 1. Structural characteristics of identified faults.

Dip direction (°) Dip (°) Strike (°) Faults

345 21 255 Q,

341 21 251 Q,

334 17 244 Q,

337 22 247 Q,
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Figure 17. A simplified model that shows the existence of a tensile
regime, a normal faulting mechanism and the formation of half-graben

structures.
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