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1-Introduction
The Zagros belt, extending from southeastern Turkey to the Strait of Hormuz with a northwest-southeast
trend, is one of the most prolific hydrocarbon provinces in the Middle East (Fig. 1a; Falcon, 1974; Stoneley,
1981; Mouthereau et al., 2012). The Ilam Formation, a Late Cretaceous carbonate unit, represents the
youngest reservoir horizon in this region (Wynd, 1965; Vafadar & Golestan, 2016). Carbonate reservoirs
are significantly influenced by fracture systems, which enhance porosity and permeability and thus control
hydrocarbon productivity (McCoss, 1986; Agu

ilera, 1995; Nelson, 2001). Borehole image logs, such as the Formation Micro Imager (FMI) introduced
by Schlumberger in 1991, provide high-resolution image data for identifying fractures (Schlumberger,
2002; Serra, 1989). This study focuses on analyzing fracture patterns in an oil field located in the Strait of
Hormuz, within the southeastern part of the Zagros Fold-Thrust Belt, using FMI logs. According to the
UGC map, the studied oil field features a curved and faulted anticline with a dominant north-south trend in
its middle section. It is situated between two non-parallel thrusts that generally follow north-south and
northeast-southwest trends (Fig. 1b; see Ali et al., 2018).
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Fig. 1. (a) Major oil and gas fields in Iran, the Zagros fold and thrust belt (Taken from Ko, 2017), b) Geological map
of the middle part of the Strait of Hormuz (Adapted from Ali et. al, 2018)

2-Material and methods

Data for this study were collected from exploration and production wells in the oil field under examination.
Formation Micro Imager (FMI) logs were utilized to identify fractures. These logs were processed and
analyzed using GEOLAG software. In FMI logs, planar structures such as fractures that intersect with the
well wall appear as sinusoidal curves in the image graphs (Serra, 1989), which allows for the calculation
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of their geometric characteristics. FMI logs from five exploratory and production wells that penetrate the
Ilam Formation were analyzed. Fracture attitudes, including dip and azimuth, were extracted from the
features visible in the borehole images, and Rose diagrams of fracture orientations were plotted for each
well.

3-Results and discussions

This research focused on extracting fractures from the Ilam Formation using Formation Microimager (FMI)
data obtained from five wells. The rose diagrams for the fractures in each well were displayed on the UGS
map of the top of the Ilam Formation horizon (Fig. 2). Wells 1, 2, 4, and 5 are located in the crestal region
of the fold, while Well 3 is situated on the western limb. The results indicate that the fracture trend in the

crestal region of the anticline is oriented NW—SE, which aligns closely parallel with the trends of nearby
faults (for instance, the fractures in Well 5 are parallel to the NWW-SEE faults). In contrast, Well 3 on the
fold limb shows NE—SW fractures, interpreted as shear fold related fractures.

The UGS map of the top of the Illam Formation in the studied oil field reveals that the structure is an
anticline with a north-south trend in its central region (Fig. 2). This structure is bordered by longitudinal
faults that are generally parallel to the fold axis. Based on the spacing of the depth contour lines at the top
of the [lam Formation, the structure is characterized as a fault-related asymmetric anticline. The middle
section of the structure has been cut and displaced mainly by NW-SE trending faults, which have resulted
in significant structural changes. These transverse faults have divided the crest of the fold into fault blocks,
some of which are downthrown in relation to adjacent areas (Fig. 3a). For instance, well No. 2 is situated

on a block that has been downthrown in relation to the neighboring faulted blocks. According to the UGC
map and seismic profile, the transverse faults appear to be normal faults. In the crest region of the fold, the
normal faults are formed due to bending-moment tensile stresses resulting from anticlinal flexure. The
perpendicular shortening to the thrust trace leads to the development of parallel normal faults, while
shearing caused by oblique shortening creates oblique normal faults and grabens relative to the fold axis
(Philip and Meghraoui, 1983; Burbank and Anderson, 2001). Based on the global stress map (Heidbach et
al., 2008; Rajabi et al., 2010), the direction of the current maximum horizontal stress has been identified as
NNW-SSE, which is inclined relative to the trend of the studied structure. In Figure 3b, a Schematic 3D
Structural model of the studied field has been drawn showing oblique normal faults to the thrust and fold
axis trend (Modified from Phlip and Meghraoui, 1983). Since normal fault-related fractures are typically
parallel or perpendicular to the fault plane (Reyer et al., 2012), it appears that the fractures in the crestal
region of the fold are formed in relation to the adjacent normal faults.

Fig. 3. UGC map of the top of Ilam Formation showing the location of the wells and the fracture rose diagrams of the
Ilam Formation in each well.
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Fig. 3. The UGC map of the top of Ilam formation and, b) Schematic 3D Structural model matches the studied field,
showing oblique normal faults to the thrust and fold axis trend (Modified from Phlip and Meghraoui, 1983).

4-Conclusion

This study investigates fracture patterns in a carbonate oilfield located in the Strait of Hormuz region.
Tectonically, this field is located at the southeastern end of the Zagros fold and thrust belt, between two
thrusts: the Haqab thrust, trending north-south in the east, and the Zagros thrust, trending northeast-
southwest in the west. The reservoir primarily consists of carbonate formations, known for their high
reservoir quality due to the presence of numerous fractures. According to the UGC map of the top of Ilam
carbonate Formation, the structure of the field is a curved and faulted anticline, with a trend of
approximately north-south in the central part. To analyze the fracture patterns, data were collected from
FMI image logs of five exploration and production wells located in the crestal (wells # 1, 2, 4, and 5) and
western limb of the anticline (well #3). The UGS map of the top of the llam Formation in the studied oil
field reveals that the structure of the reservoir is characterized as a fault-related asymmetric anticline, which
has been cut and displaced mainly by NW-SE trending transverse faults in the middle section. These
transverse faults appear to be normal faults that cause the downthrown of some faulted blocks in relation
to their neighbors. Based on the orientation of the fractures, it seems the fractures in the crestal region of
the anticline are fault-related, whereas the fractures in the fold limb are fold-related shear fractures.
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Fig. 1. (a) Major oil and gas fields in Iran (Taken from Ko, 2017), b) Geological map of the middle part of the Strait of
Hormuz (the map Adapted from Ali et. al, 2018 and Maximum horizontal stress orientations from Rajabi et al., 2010)
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Figure 8- Seismic profiles of the studied field (along the E-W lines shown on Fig. 2) showing seismic reflectors at various

depths and faults.
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Fig. 7. (a) UGC map of the top of the Illam Formation showing the fold axis, oblique shortening direction, shear direction,
normal faults and oblique graben resulting from local extension, and (b) Schematic 3D diagram of the structure (Modified

from Philip and Meghraoui, 1983).
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Fig. 7. UGC map of Ilam (adopted from the map prepared by the Mapping Department of the National Iranian Oil
Company), showing the location of the wells and the fracture poles(black triangles) and rose diagrams of the Ilam

Formation in each well.
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Tablel. Orientation of open fractures of Ilam Horizon in each well

Well | Well position | Fractures sets Relationship to diagram of fracture
No. (Dip/dip Dir) structures (Folding- poles
Faulting)
1 Fold hinge 20/050 Related to Faulting
zone
21/210
2 Fold hinge 80/215 faulting
zone 10/260
20/305 Parallel to hinge line
-related to Folding
3 Fold limb 25/345 Shear fractures-
23/195 related to Folding
4 Fold hinge 15/245 Related to Faulting
zone
5 Fold hinge 15/205 Related to Faulting
zone
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