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1-Introduction

Natural fractures typically form under the influence of multi-stage structural deformation. (Wu etal., 2021).
The diagenetic features and sedimentary deposits that control the quality of carbonate reservoirs are highly
heterogeneous, making it difficult to predict these features using standard subsurface methods (Worden et
al., 2018). Natural fracture identification methods encompass both descriptive and predictive techniques.
Description methods encompass quantitative and qualitative approaches, which can be applied through
geological methods such as studying similar outcrops in the field, core observation, thin sections, electron
microscopy, layer analysis, CT scanning, and scan image analysis technology. (Xiong et al., 2019). Well
logging methods, including specialized and conventional logging techniques, as well as reservoir
engineering methods like well test analysis, pressure analysis, tracer analysis, dynamic water injection
analysis, and microseismic monitoring, also play a role in fracture description. (Liu et al., 2020). Natural
fracture prediction methods typically rely on geological and seismological data, with modeling being a key
tool. (Farfour & Gaci, 2021). Current technologies for predicting fractures include seismic analysis
techniques such as tracking technology, seismic inversion, and shear wave splitting. (Diaz-Acosta et al.,
2023). The study and analysis of fracture patterns in oil reservoir rocks have garnered significant interest
from engineers and scientists over the past few decades. (Viswanathan et al., 2022). The presence of
fractures in oil and gas reservoirs is a crucial factor in evaluating and exploiting these resources. Open
fractures can create high-permeability environments that facilitate flow, while closed fractures can impede
carbonate flow. Given the complex nature of fractures and fractured reservoir behavior, it is essential to
utilize all available static and dynamic information to gain a deeper understanding of them. (Tarhuni et al.,
2021). Crude oil plays a vital role in the global economy, and no alternative energy source has yet widely
replaced it. With increasing global energy consumption, the need for maximum oil production has
intensified. (Zou et al., 2016). Traditional methods of oil production are no longer sufficient to meet current
and future demands. The decline in initial extraction rates has also led to the adoption of enhanced oil
recovery methods to boost production. Consequently, researchers have focused on studying fractures in and
around oil reservoirs to increase oil extraction from wells (Dong et al., 2019). The fractal study of fractures
can greatly aid in determining the patterns of such structures in oil wells. Natural fractures typically form
complex networks, with their sizes ranging from microns to over one hundred kilometers. Across this vast
scale, fracture networks significantly influence the geomechanical behavior and hydrology of subsurface
rocks, playing a critical role in various engineering fields, including hydrology, waste disposal, earthquake
studies, oil reservoir exploitation, and geothermal energy.
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2-Materials and methods
In this study, both surface and deep fractures in the studied areas were investigated. The research is divided
into two parts: the investigation of surface fractures in the Bangestan anticline and the analysis of these
fractures using numerical models, as well as the examination of deep fractures in the Karanj oil field.
Following the corrections, a structural map of the area was prepared using field surveys and the digital
elevation model (DEM). During the investigation of the structures and fractures of the Bangistan anticline,
the anticline was divided into four blocks, progressing from northwest to southeast. To analyze the
fractures, they were mapped according to the influence of the main faults and the axial deviation of the
anticline. Figures 1 through 5 illustrate key structural and fracture characteristics of the Bangestan anticline.
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Figure 1. Structural map of the Bangistan anticline and the location of the studied blocks.

Figure 1 presents a structural map illustrating the anticline and the locations of the studied blocks. Figure
2A displays rose diagrams of joints from Group A1-2, Block 1, and Figure 2B features gold-red diagrams
of seams from Group A3-4, Block 1. Figure 3 focuses on the clustering of joint stations in Cluster A (Assadi,

2012), and Figure 4 presents a fractal diagram of joints from stations in Group A, illustrating their
distribution and patterns.c

Figure 2. A) Rose diagrams of the joints from stations in Group Al-2, Block 1. B) Gold-red diagrams of the seams
from stations in Group A3-4, Block 1.
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Figure 3: joints stations cluster A (Assadi, 2012)

R Linear = 0084

Figure 4. Fractal diagram of joints from station A

3-Results and discussions

Assessing the fracture and deformation patterns in reservoir rocks is crucial for drilling oil wells, gas
injection wells, and other methods aimed at enhancing oil and gas production. By more accurately
determining these patterns, a better understanding of the reservoir rock can be achieved, serving as a key
factor in optimizing extraction. The cross-section from Block One shows that the northern limb of the
Bangestan anticline (1214 meters) is higher than the southern limb (668 meters), likely due to the direction
of compressive stress from the MFF fault and the influence of Miocene to Pleistocene orogenic phases. The
MFF fault, formed during the Savin orogenic phase (Miocene-Oligocene) and the folding of Asmari
limestones, exhibits activity in subsequent orogenic phases (Styrin, Atiken, Pasadanin) due to sediment
discontinuities in the Mishan and Aghajari formations observed in the section from Block One, which
indicates that the Bangestan anticline has shifted southwest along the fault plane of the mountain front
multiple times (Figure 5).
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Figure 5. A section of the Bangestan anticline from the Geological Map of One Hundred Thousand Heftgol 1866,
provided by the Geological Organization of the country, Tehran. The extent of fault slope at the peak of the anticline
remains uncertain due to extensive erosion.

The analysis of fracture patterns and deformation in reservoir rocks plays a critical role in drilling oil
wells, gas injection wells, and other methods aimed at enhancing production. A precise understanding of
these patterns is essential for optimizing extraction. For instance, in the Bangestan anticline, the pressure
from the MFF fault has significantly influenced the bending and expansion of the anticline, resulting in a
higher concentration of tensile fractures at the axial part of the structure. As the peak of the anticline rises
and the bending in the axial section increases, a greater number of tensile fractures are expected.

4-Conclusion

The investigation of fractures in the Bangestan anticline, particularly those related to the Karanj oil reservoir
within the Asmari and Bangestan formations, reveals a direct correlation between fracture density,
orientation, and hydrocarbon extraction efficiency. The fractal analysis demonstrates that areas with higher
fracture density and smaller fracture angles exhibit increased oil recovery, suggesting that fracture
permeability plays a significant role in enhancing hydrocarbon extraction.

The study of the joints in the Bangestan anticline, using the fractal method and considering that the
Karanj oil reservoir is located in the Bangestan and Asmari formations, utilized fractal diagrams and
models. By comparing their numerical models and the slopes obtained, it can be stated that where there are
many fractures and the fracture angle is small, the fractal constant is high; consequently, oil production and
extraction are greater in these areas.

The presented model of the cross-section of well number 37, along with the fractal numerical models
obtained from the study of the joints, indicates that in the direction of this well, located a few kilometers
from the oil field, there is an increase in hydrocarbon extraction. In this orientation, wells can be drilled
that hold economic importance in terms of enhancing hydrocarbon extraction.

This result has been derived from the number of open fractures and their permeability, based on the
relationship between the extension of fractures in the studied oil field and the investigation of surface
fractures in the Bangestan anticline, as well as the fractal pattern of the fractures. Reservoir rock fractures,
which often have a tectonic origin, in the outcrops of the Asmari and Bangestan formations, have revealed
a direct relationship between the propagation and density of fractures with the thickness of the layers and
the degree of curvature of the structure.

The fracture patterns observed in the wells, especially in well No. 37, indicate the absence of collapse
in regions of low horizontal stress. In contrast, the predominant transverse fractures and occasional irregular
ones correlate with increased hydrocarbon potential. The alignment of induced fractures with regional stress
orientations further supports the tectonic control on fracture propagation. These findings suggest that
strategically placing wells in areas with favorable fracture characteristics could optimize hydrocarbon
recovery, offering valuable insights for future exploration and production in the Bangestan and adjacent oil
fields.
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Figure 1: Location of the studied areas in relation to the southwestern oil fields of Iran.
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Figure 2. Geological map of the Bangistan anticline, based on the geological maps of Behbahan, Koh Sefid, and Haftgol

(Assadi, 2012).
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Figure 3. Digital Elevation Model (DEM) obtained by processing digital height difference data in ArcGIS software
(Assadi, 2012).
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Figure 4. Structural map of the Bangistan anticline and the location of the studied blocks (Assadi, 2012).
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Figure 5. Location of the studied points in the Google Earth satellite image.
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Figure 9. (a) Examples of open fractures as interpreted from the well 37 diagrams in the Karanj field (Oil company
reports), (b) A possible fault in the diagram of well (Oil company reports)
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Figure 10. Examples of open fractures as interpreted from the XRMI diagram of well 41 in the Karanj field (Oil company
reports).
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Table 1. Information on possible faults in well 41

Fracture Depth (m) Zone Dip Angle (°) Dip Azimuth Strike
Probable Fault 1 2275.85 Z3 N50W N40E/S40W
Probable Fault 2 2279.55 Z3 N1OW NSOE/S80W
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Figure 12. Illustration of a possible fault on the visual charts of well 41
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Joint dip frequency diagram in the Bangestan Anticline
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Figure 13. Joint dip frequency diagram in the Bangestan Anticline
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Figure 16. Cross-section of the 3D geological model at the location of Well No. 37 in the Karanj field.
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Figure 17. A section of the Bangestan anticline from the Geological Map of One Hundred Thousand Heftgol 1866,
provided by the Geological Organization of the country, Tehran. The extent of fault slope in the peak of the anticline

remains uncertain due to extensive erosion.
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