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Introduction

Accurate identification of hydrocarbon-containing
locations is considered one of the most important
exploration steps to reduce the cost and increase the
efficiency of the extraction and exploitation process of
subsurface oil and gas. Traditional methods are usually
very time-consuming and, despite the high cost, have
the lowest coverage [1]. The progress of geophysical
methods, especially the estimation of geomechanical
parameters such as Young’s modulus, bulk modulus,
and Poisson’s ratio using seismic data, has not only
reduced these problems but also reduced drilling risks
by predicting the type and quality of lithology [2].
This method helps to investigate the subsurface layer
containing oil and gas with greater accuracy and on a
larger scale [3].

Materials and Methods

The oil field under study is located in the northwest of
the Persian Gulf, about 27 km from the city of Daylam.
The field was first discovered in 1960 through Well A.
Its main reservoir is the Nahr Omar Formation of the
Early Cretaceous period and has three major layers:
compact shale and marl at the top, limestone in the
middle, and porous sandstone with shale layers at the
bottom [4]. The Hendijan—Bahregansar strike-slip

fault has a major impact on the shape, thickness, and
mechanical properties of this reservoir [4]. The total
thickness of this formation averages 194 m, and the
sandstone layer reaches its maximum size of 69 m in
Well A. Moreover, most of the oil and gas is located
in the sections of shale and sandstone. In this study,
3D seismic data, detailed well logs (such as acoustic,
density, and checkshot), and geological surveys of three
major wells were used to build a geomechanical model
and identify oil and gas-bearing areas. Moreover, the
elastic properties of the rocks were obtained using
the simultaneous seismic inversion method, which is
based on linear relationships between parameters and
using the Aki-Richards equations [2]. Furthermore,
the correlation coefficient is around 0.99 which
indicates the reliability of this method. In this method,
parameters such as Poisson’s ratio, Young’s modulus,
lambda-rho, and mu-rho were calculated to distinguish
between the rock type (shale, sandstone, limestone)
and the fluid type (water, oil, gas). This method helps
us to better understand the subsurface layers, prevent
unnecessary drilling, and have more accurate planning
for exploration and production.

Results and Discussion
An extensive workflow was developed to identify and



evaluate hydrocarbon reservoirs from seismic data and
geomechanical properties. First, an integrated attribute
was calculated as the product of P-wave impedance,
Vp/Vs ratio, Young’s modulus, Poisson’s ratio, and
Mu-Rho. Moreover, lower values of this attribute
indicated areas with greater hydrocarbon potential
(Fig. 1).

The results were combined with reservoir thickness
information to select the best drilling locations that
provide a balance between hydrocarbon richness and
storage capacity. Moreover, vertical analysis was then
performed at the selected area using a set of scatter
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plots to separate different fluid and lithology types from
each other. Furthermore, these plots, which include:
Young’s modulus versus Poisson’s ratio, P-impedance
versus Vp/Vs, Mu-Rho versus Lambda-Rho, and
Poisson’s ratio versus Lambda-Rho successfully
distinguished shale, limestone, gas-bearing limestone,
and oil-bearing sandstone. Among them, Mu-Rho vs.
Lambda-Rho and Poisson’s ratio vs. Lambda-Rho
plots provided the best discrimination between rock
types and fluid content (as seen in Figs. 2-3). Finally,
the parameters obtained from seismic were validated
by comparing them with well log data.
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Fig. 1 The horizontal slice of the integrated attribute, derived from five geomechanical parameters, highlights a selected area

with high hydrocarbon potential.
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Fig. 2 illustrates the Mu-Rho versus Lambda-Rho plot for the selected location (Figure 1), demonstrating better lithological
separation than previous cross-plots. Shale and oil sandstone are completely separated, while gas limestone displays a distinct

trend from regular limestone. Unlike the previous cross-plots, where overlaps or similar trends were sometimes observed, this

plot provides clearer lithological distinction.
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Fig. 3 displays a Poisson’s ratio versus Lambda-Rho cross plot for the selected location (Fig. 1). This plot reveals a distinct
pattern where the hydrocarbon-bearing zone, specifically the oil sandstone, stands out clearly. As the most important part of the
reservoir, the oil zone is easily distinguishable within this plot.

There was a 90% correlation for P impedance and 80% identification and hydrocarbon exploration process
for Young's modulus, indicating the reliability of this with higher accuracy, lower cost, and lower risk.
method (Fig. 4). This procedure provides the reservoir
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Fig. 4 Cross-plot comparing inverted P-wave impedance and Young’s modulus with P-wave impedance and Young’s modulus
from Well B.



Conclusions

This study successfully identified areas with high
hydrocarbon potential through 3D seismic data and
integrated geomechanical attributes. The study used
four scatter plots to separate four major lithologies and
obtained consistent trends that can be used in other
oilfields to reduce risks and make drilling decisions
more accurate. Although all scatter plots were effective,
some were more accurate based on the quality of the
seismic data and inversion techniques. By converting
the inversion results into geomechanical parameters,
hydrocarbon potential and reservoir thickness, this
study provided an economical and convenient method
for reservoir characterization and drilling site selection.
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Table 2. Number of Training Images After the Data Augmentation Process
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Data Augmentation Type Total Number Quality/Effect Description
Added
Random Horizontal Flipping 7,040 Preserves fracture geometry, increases the diversity of horizon-
tal patterns, and maintains the original topology
Random Vertical Flipping 7,040 Increases the spatial diversity of fractures while preserving
boundaries and structural continuity
Random Rotation Within £15° 7,040 Increases orientation diversity without degrading microfracture
structures or boundaries
Total Number of Augmented 21,120 Increases the overall dataset size
Images
Final Number of Images After 28,160 Approximately four times the initial dataset size of 7,040
Data Augmentation images
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Table 4 Optimal Hyperparameters Obtained Using Grid
Search for the Vision Transformer Architecture

Hyperparameter Value
Batch Size 128
Loss Function MSE
Optimizer Adam
Optimizer Beta Parameters (0.999,0.9)
Weight Decay 0
Learning Rate 0.01
Number of Encoder Layers 8
Number of Attention Heads in the 4

Encoder and Decoder

Feature Vector Size for Each Image 512

50,095 (5 lore duslie

ol bl el o 5> o ile Lo Le
i e Lol iesi g wod awlbxe b ule
Bos o idu Ly el 009 (65lwil CndS
et () gl Lo 5 0053 L Jae (Lol
o=l el a s )3 8 sola il 0,5 (g5l
5 b=l plosl Lo s (ool o iag)y
Sl JloBll (y5l5ee sl glal olojime
) g3l e Ly oyl (i (st g
>0 S pleieay Lt gat oy a5 Ll
lo bl b ol (2l Sl g (Ssoml
So =5, el oo solii il (g5lasl 51 ey
a5 U-Net o—sbe )3_7:.&‘_;)‘9.07 9 00—y (5 l—ono
e 00 5 LIS iy i Gyl sl
O)ygr—d ol A o2l ol 0a
S g, 5 e o a A bl
S 0 ool gl b iz (g 3T al ]
laSls adg (ISl ¢ Gija—sl a4y 5L 5o
(o0 SIS g 5l BIS o Sy ilo) adlSans
G N SESE G @l 5 S e ol 2 )
30 0 eo CnlaS sadgilsl melal jo b sl
BB 5 Gl BB o SSE irghy (2
S5 g0 plomil L Jos (59—l al>yo o €oaisyy

Syg—oty |y gl gilowil Lo Lajas

aSs g oolaiwl 3l o digs sle el )b ol ¥ Jou—>
S 50,005 (5 Loxe jo
Table 3 Optimal Hyperparameters Obtained Using Grid
Search for the Autoencoder Architecture

Hyperparameter Value
Batch Size 8

Loss Function MAE

Optimizer Adam

Optimizer Beta Parameters (0.999 ,0.9)

Weight Decay 0

Learning Rate 0.0001

Embedding Vector Size 128
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Table 5 Computational Requirements of the Two Image Reconstruction Models

Criterion Autoencoder Vision Transformer
GPU Model RTX 3050 RTX 3050
Minimum Required GPU 4 GB is sufficient At least 8 GB for stable execution
Memory
System RAM Usage 2-3 GB GB 74

Processing Speed

450-600 images/s

images/s 230-180

Time per Epoch 18-20's s 38-32
Number of Epochs to Conver- 25-30 5040
gence
Sensitivity to Increased Batch Excellent scalability Severe out-of-memory limitations
Size
Training Stability Moderate Very high
Ability to Learn Non-Local Limited Very strong
Features
Suitability for Large-Scale Moderate Excellent, but computationally expensive
Datasets

Recommended Application

Resource-limited projects and rapid

High-accuracy projects involving complex

training fracture structures
Overall Computational and Time Low High, approximately 1.5-2 times that of the
Cost autoencoder
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Table 5 Computational Requirements of the Two Image Reconstruction Models

Criterion Autoencoder Vision Transformer
GPU Model RTX 3050 RTX 3050
Minimum Required GPU Memory GB is sufficient 4 At least 8 GB for stable execution
System RAM Usage GB 32 GB 74
Processing Speed images/s 600450 images/s 230-180
Time per Epoch s20-18 s 38-32
Number of Epochs to Convergence 30-25 5040

Sensitivity to Increased Batch Size

Excellent scalability

Severe out-of-memory limitations

Training Stability Moderate Very high
Ability to Learn Non-Local Features Limited Very strong
Suitability for Large-Scale Datasets Moderate Excellent, but computationally

expensive

Recommended Application

Resource-limited projects and rapid training

High-accuracy projects involving
complex fracture structures

Overall Computational and Time Cost

Low

High, approximately 1.5-2 times
that of the autoencoder
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Fig. 1 The metrics include: (a) a Jaccard index close to 0.875, representing the average of all three classes; (b) a peak signal-
to-noise ratio above 40, indicating excellent performance; (c) a structural similarity index close to 1, demonstrating excellent
performance; and (d) the loss function on the test data of the transformer-based image reconstruction model
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Fig. 2 The metrics include: (a) a Jaccard index close to 0.80, representing the average of all three classes; (b) a peak signal-to-
noise ratio close to 40, indicating the good performance of the model; (c) a structural similarity index close to 1, but slightly
lower than that obtained by the Vision Transformer model; and (d) the loss function on the test data of the autoencoder network
used for image reconstruction
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Fig. 3 Original and Reconstructed Images Generated by the Transformer Model on the Validation Dataset
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Fig. 4 Original and Reconstructed Images Generated by the Autoencoder Network on the Validation Dataset
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Fig. 5 Confusion Matrices on the Test Dataset for the Autoencoder-Based Image Segmentation Model
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Fig. 6 Confusion matrices on the test dataset for the vision transformer—based image segmentation model
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Table 6 Classification Report Metrics on the Test Dataset for the Vision Transformer—Based Image Segmentation Model

Jaccard Index F1-Score Recall | Precision Class Label
0.92 0.989 0.990 0.989 Matrix (0)
0.90 0.963 0.953 0.974 Filled Fracture (1)
0.85 0.921 0.920 0.923 Open Fracture (2)
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Table 7 Classification Report Metrics on the Test Dataset for the Autoencoder-Based Image Segmentation Model

Jaccard Index F1-Score Recall Precision Class Label
0.83 0.974 0.969 0.980 Matrix (0)
0.81 0.961 0.962 0.960 Filled Fracture (1)
0.80 0.937 0.934 0.940 Open Fracture (2)
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Fig. 7 Successful image reconstruction by the Vision Transformer model in (a) and (b), and comparable reconstruction perfor-
mance of the autoencoder model in the specified region in (c).
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Fig. 8 Image reconstruction limitations of the Vision Transformer and autoencoder models: (a) residual noise in the matrix
region; (b) incomplete reconstruction of the specified region; and (c) noise generation and reduced reconstruction accuracy in
the autoencoder model.
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