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1. Introduction

ABSTRACT

This study investigates the geometry and folding pattern of the East Band-e-Lengeh anticline, located
in the Coastal Fars subzone, using 5 structural cross-sections and one longitudinal section derived from
seismic line data, geological maps, and exploratory well data. The analysis reveals that the anticline
is an almost symmetric fold with an overall elliptical to box-shaped geometry. Based on structural
studies and interpretation of seismic lines, the southern limb of the East Band-e-Lengeh structure
is affected by a reverse fault originating from the Dashtak formation. According to calculations
using the excess area method, the folds detach at a depth of approximately 11 km, indicating that
the deformation mechanism of the sedimentary cover in this anticline is a faulted detachment fold.
Tectonic thickening of evaporites in the Dashtak formation (Middle Triassic) occasionally forms a
detached horizon within the sedimentary cover, altering the geometry of Mesozoic and Cenozoic
formations compared to the reservoir horizon of the Dehram group (Permo-Triassic) and causing
axial shift. A UGC map of this horizon has been generated to explore the saddle-shaped relationship
between the central segment of the anticline and its eastern segment and evaluate the exploration
target horizon (Dehram group). Based on cross-section balancing using the bed-length conservation

method, the shortening of the anticline is estimated at approximately 4%.

The Coastal Fars region and the Iranian sector of the Persian formations, which are part of the Dahram group and equivalent to
Gulf basin are among the largest gas-rich areas in Iran (Haghi et the Khuff formation in Saudi Arabia (Szabo and Kheradpir, 1978),
al., 2013). Over 90% of the natural gas and condensates in this have been identified as potential hydrocarbon exploration targets in
region are stored in the carbonate reservoirs of the Dalan formation the Fars geological province.

(Upper Permian) and Kangan formation (Lower Triassic). These The Dalan and Kangan formations, located in the Zagros
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Fold-Thrust Belt, were deposited in a tectonic setting along the
passive margin of the Arabian Plate, forming a carbonate platform
(Szabo and Kheradpir, 1978). However, tectonic and sedimentary
factors have resulted in uneven distribution of these formations in
the Permo-Triassic basin, altering their reservoir characteristics
vertically and laterally (Sherkati et al., 2005; Sepehr et al., 2006).
These factors also affect other elements of the petroleum system,
determining whether these formations contain economically viable
oil and gas reserves. For example, the placement of anticline
structures over basement highs plays a key role in enabling
reservoirs to be charged by Paleozoic source rocks (Motamedi et
al., 2012; Hasani et al., 2010).

Although geological studies on the Band-e-Lengeh anticline
are limited, the structure has been included in some regional
studies. During the 1960s and 1970s, several anticline structures
near the study area were evaluated by operating companies. These
assessments identified the Band-e-Lengeh anticline as the primary
exploration target within the Ultramar company’s concession area.
Drilling on the Band-e-Lengeh anticline began in 1975, targeting
the Asmari, Jahrum, and Dehram formations. However, due to the
significant thickness of the Cretaceous formations, access to the
Triassic and Permian formations was not achieved. Drilling stopped
at -3926 meters in the Surmeh formation (Motamedi et al., 2005).

The East Band-e-Lengeh structure is situated on a basement
high, with a potential for suitable closure at the target exploration
horizon (Dehram group). Due to the influence of ductile formations,
the surface geometry of this anticline does not accurately reflect its
subsurface geometry, leading to challenges in correlating surface
and subsurface structures. To resolve these ambiguities, seismic
surveys were conducted over the area.

In this regard, in 2012, five transverse seismic lines and one
longitudinal seismic line were acquired over the Band-e-Lengeh
anticline, with three located in its eastern segment. Utilizing
these new data, the present study provides a novel analysis of the
structure and geometry of the Eastern Band-e-Lengeh anticline,
with its results applied to evaluating the target exploration horizon
(Dehram group).

This study presents 5 structural cross-sections (totaling 116
km in length and 12 km in depth) and one longitudinal structural
section (68 km in length and 12 km in depth), constructed through
seismic line interpretation, to analyze the structural and geometrical
characteristics of the East Band-e-Lengeh anticline. Given the
proven presence of gas in the Dehram reservoir horizon, a UGC
map of the Dehram group was prepared to evaluate and calculate its
closure. Since the accurate calculation of the amount and direction
of axial shift is crucial in determining drilling locations, this study
also investigates the impact and role of the Dashtak formation (as

the mid-cover detachment horizon) and its axial shift relative to the

top of the Dehram group on the geometry of the mentioned fold.

2. Research methodology

The structural analysis of the East Band-e-Lengeh anticline in this
study was conducted by constructing six structural sections (five
cross-sections and one longitudinal section). These were based on
data from reflection seismic lines, information from the Band-e-
Lengeh-1 well, the geological map of the area, a Digital Elevation
Map (DEM), and measurements of bedding geometry (strike and
dip). The cross-sections were designed using the kink method in
2D-3D-Move software.

The preparation process involved georeferencing maps in ArcGIS,
creating topographic profiles in Global Mapper, and interpreting
seismic data in Petrel software. The cross-sections were designed
to cover critical points such as culminations and saddle zones,
providing more accurate data for the UGC map. Before structural
interpretation, the seismic profiles were converted to depth using
appropriate velocity models. The balance test of the cross-sections,
fault slip analysis, and calculation of layer shortening percentage in
each section assuming layer length conservation, were performed in
the 2D-3D-Move software. Finally, after constructing the structural
sections, a depth map (UGC map) of the exploration target horizon
(Dehram group) was prepared in Petrel software.

To determine the folding geometry model, folding indexes
along each section were calculated using the methods of Twiss and
Moores (1992), Fleuty (1964), Lisle et al. (2006), and Bastida et al.
(2005) (Figure 12).

3. Results

3.1. Structural Cross-Sections and Longitudinal Sections

Five structural cross-sections and one longitudinal section have
been constructed to conduct a structural analysis of folding and
calculate the amount of shortening in the Band-e-Lengeh anticline,
which is discussed in this part. The paths of the sections CC’, DD’,
EE’, and FF’ correspond to seismic lines. Transverse sections
AA’, BB’, and CC’ have been balanced using the layer-length
conservation method. The measured geometric indices for the cross

sections are presented in Tables 1, 2, 3, 4, and 5.

3.2. Cross-Section AA”

This section is oriented north-south with a length of approximately
26 kilometers and is nearly perpendicular to the axial plane of
the anticline. It represents the westernmost cross-section along
the East Band-e-Lengeh anticline (Figure 5-a, b). This anticline
is asymmetric, with a steeper southern limb that dips southward
and is classified as a gentle fold with a box-shape geometry. The
oldest exposed formation in this section is the Gachsaran formation.

Normal faults are observed within the Gachsaran formation,
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extending only to shallow layers. The southern limb of the anticline
is affected by a reverse fault originating from the Dashtak formation
and extending to the Mishan formation. This fault has caused the
thickness of the Dashtak formation to increase from 830 meters to
1267.6 meters, indicating a thickening of 437.6 meters. The depth
of detachment to the base detachment horizon in this cross-section
is estimated at -10765 meters, and the average shortening calculated

for this section is 3.54% (Figure 5-c).

3.3. Cross-Section BB’

This section, oriented north-south with a length of approximately
27.7 kilometers, is also nearly perpendicular to the axial plane of
the anticline (Figure 6a). The fold in this section is gentle and has
a southward vergence. The oldest exposed formation is the Chehel
member of the Gachsaran formation. A thrust fault on the southern
limb of the anticline originates from the Dashtak formation and
terminates within the Mishan formation. This fault has caused the
thickness of the Dashtak formation to increase from 830 meters to
1271.3 meters, resulting in a thickening of 441.3 meters. The depth
of detachment to the base detachment horizon in this cross-section
is estimated at -10509 meters, and the average shortening for this

section is calculated to be 4.2% (Figure 6-b).

3.4. Cross-Section CC’

The CC’ section, with a length of 25.6 kilometers, was drawn
using seismic line data (Figure 7-a and b). This fold is asymmetric,
with a southward inclination, and falls within the category of
gentle folds with an elliptical to box-shaped geometry. Based on
the interpretation of seismic lines (Figure 7-a), a reverse fault on
the southern limb originates from the Dashtak and has caused the
thickness of the Dashtak formation to increase from 830 meters to
1338 meters, resulting in a tectonic thickening of 508 meters. The
axial shift from the top of the Dashtak formation relative to the
top of the Dehram group is calculated to be 802.7 meters, and the
depth to the detachment horizon is estimated at -10591 meters. The

average shortening in this section is 4.11% (Figure 7-c).

3.5. Cross-Section DD”

This section, with a length of 19.6 kilometers, is located in the
eastern segment of the Band-e-Lengeh anticline and has been drawn
based on seismic data (Figures 8). The fold in this section is almost
symmetrical, with a fold symmetry index (S) of 1.04. According to
field studies conducted during this research, normal faults parallel
to the axial surface of the fold have been observed on the southern
limb. These faults are shallow, and their displacements dissipate
within the Gachsaran formation (Figure 11-c). Based on subsurface
information derived from the interpretation of seismic lines (Figure

8-a), the southern limb is influenced by a reverse fault originating
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from the Dashtak and extending to the Mishan formation. This fault
has caused the thickness of the Dashtak formation to increase from
830 meters to 1204 meters around the fault, resulting in an axial
shift of 858 meters (towards the backland) relative to the top of the
Dehram group (Table 5).

3.6. Cross-Section EE”

The EE’ section, with a length of 17 kilometers along a north-south
orientation, represents the easternmost cross-section drawn in the
Band-e-Lengeh anticline (Figure 9). In this section, the oldest
exposed formation is the Gachsaran formation, and the Bakhtiari
conglomerate deposits rest unconformably overlying the Aghajari
formation. This anticline is asymmetric, with a fold symmetry
index (S) of 0.7, indicating a northward vergence. Based on the
subsurface information obtained from the interpretation of seismic
lines, no fault is observed in this section (Figure 9-a). The thickness
of the Dashtak formation remains constant, and there is no increase
in thickness or axial shift from the top of the Dashtak formation to

the top of the Dehram group.

3.7. Longitudinal Section FF"

The longitudinal section, parallel to the anticline axis and 68
kilometers in length, was drawn to examine the relationship between
the eastern, central, and western segments of the Band-e-Lengeh
anticline and to validate the cross sections. This section was also
used to generate the UGC map of the Dehram group (Figure 10-b).
Based on the interpretation of the longitudinal seismic line (Figure
10-a), the Band-e-Lengeh anticline is divided into three segments:
eastern, central, and western. Depressions between sections AA’,
BB’, and CC’, resulting from gentle saddle-like structures, are
observed between the anticline segments. From sections AA” to
DD’, the Dashtak formation is slightly thicker in the southern limb
due to reverse faults. However, between sections DD” and EE’, the
thickening decreases, and within the EE’ section, no significant

changes in the thickness of the Dashtak formation are observed.

4. Discussions

In this part, using subsurface data and the structural sections drawn,
the folding pattern, the behavior of detachment horizons, and their
impact on the folding mechanism and the evaluation of the reservoir

geometry of the Dehram group are discussed.

4.1. Detachment Horizons and Folding Mechanism in the Band-
e-Lengeh anticline

The almost symmetrical geometry of the anticlines in the Lengeh
depression area and the development of thrust and reverse faults
in their limbs, or in other words, the development of structures

with a backland-facing tilt, indicate the presence of a significant
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detachment horizon with low viscosity and friction at the base of the
folding formations (Motamedi et al., 2012). The divergent pattern
of seismic reflectors towards the core of the anticline at the base of
the folded layers suggests that folding occurred entirely above this
detachment horizon. Based on the folding style and the presence
of salt plugs (the Champe salt plug at the western segment of the
Band-e-Lengeh anticline, Figure 11-b), it can be inferred that the
evaporites of the Hormuz series, dating back to the Infra-Cambrian
period, are the main detachment horizon in the region (Motamedi et
al., 2012). According to calculations using the excess area method,
the detachment depth for the Band-e-Lengeh anticline is estimated
to be around 11 kilometers (Figure 13), which is consistent with the
basement depth calculated from aeromagnetic data by Tabatabaei
(1997).

In this study, based on the cross sections drawn from the Band-
e-Lengeh anticline, it was observed that reverse faults developed in
the limbs of the anticline. This structural geometry is similar to two
mechanisms of fault-related folding: fault propagation and faulted
detachment folding. According to the criteria proposed by Mitra
(2002 and 2003), the primary kinematic pattern in the studied area
is faulted detachment folding and detachment folding. The reasons
for this are as follows:

In the East Band-e-Lengeh anticline, the presence of synclines
under the developed reverse faults in the southern limb of the
folds, steep reverse faults, and the narrowing of folds at depth due
to rotation of the limbs and migration of the hinge point indicates
the characteristic of transferring the deformational behavior
from detachment folding to faulted detachment folding with an
increase in shortening (Figures 5-a, 6-a, 7-a, 7-b, 8). In faulted
detachment folds, the fault slip shows a complex displacement
pattern depending on the fault history. Fault slip may be constant
in some formations and increase or decrease towards the top of the
section (Figures 14-a, 14-b, 14-c, 14-d). Still, in fault-propagation
folds, fault slip regularly decreases towards the top of the section
(at the top of the fault, slip becomes zero), and fault slip can be
predicted based on the length of the trailing limb (McNaught and
Mitra, 1993; Mitra, 2002). Many faulted detachment folds form
with long wavelengths and short amplitudes. In contrast, in fault-
propagation folds, the wavelength of the fold is directly related
to the amount of shortening (Mitra, 2002). In the Band-e-Lengeh
anticline, the displacement along the reverse fault in the fold’s limb
is minor compared to the development of the fold (Figures 5-a, 6-a,
7-b, 8). In fact, the short amplitude of the folds compared to the
small fault displacement indicates that most of the folding occurred
before faulting. Such evidence for the Band-e-Lengeh anticline is
consistent with the criteria proposed by Mitra (2002 and 2003) for
faulted detachment folding.

In addition to the Hormuz series (the base detachment horizon),

the structural interpretation of seismic profiles, combined with
the location of source formations in the Band-e-Lengeh-1 well
and nearby wells, as well as the drawing of structural sections,
indicated the presence of a significant detachment horizon in the
middle of the sedimentary cover. As shown by the divergent pattern
of seismic reflectors, the Dashtak evaporitic formation, dating
back to the Triassic period, in four of the drawn cross sections
from the Band-e-Lengeh structure (Figures 5-a, 6-a, 7-a, 7-b, 8-a,
8-b), shows an increase in structural thickness due to the activity of
reverse faults in the southern limb, which has caused a shift in the
fold axis between the Kangan horizon (top of the Dehram group)
and younger horizons (Table 5). This could complicate the selection
of drilling locations. However, in the EE cross-section (Figure 9),
this formation does not show detachment behavior and does not
exhibit thickening.

Therefore, mechanical stratigraphy is one of the key factors
controlling the kinematic folding pattern in the studied anticline.
Faulted detachment folds typically form in units with significant
differences in mechanical strength, and their deformation behavior
changes considerably over time. In contrast, fault-propagation folds,
which develop in thinly bedded units with relatively homogeneous
lithology, are less influenced by mechanical stratigraphy (Mitra,
2002). Given the significant lithological contrast between ductile
horizons and relatively thick stratifications in the sedimentary cover
of the region (Figure 3), the necessary conditions for the formation
of fault-propagation folding do not exist (Motamedi et al., 2005).
In this anticline, lithological variations include conglomerates
(Bakhtiari formation), sandstones (Aghajari formation), carbonates
(Mishan, Ilam-Sarvak, and Khami group), shales and marls (Pabdeh-
Gurpi and Kazhdomi formations), and evaporites (Gachsaran
and Dashtak formations). Therefore, the presence of detachment
horizons, such as the Dashtak formation, which has played a major
role in determining the folding style, indicates the dominance of

faulted detachment folding in this anticline.

4.2. Assessment of the Reservoir Geometry of the Dehram
group in the Band-e-Lengeh anticline
To investigate the relationship between different segments of
the Band-e-Lengeh anticline, including examining the saddle
zone connection between the central and eastern segments of the
anticline and determining the reservoir geometry of the exploration
target horizon, a UGC map for the Dehram group was drawn.
Using this map, the horizontal closure was calculated to determine
the effective area of the gas storage domain and to identify the
structural extent of the anticline, while the vertical closure was
calculated to evaluate the reservoir potential of the Band-e-Lengeh
anticline (Figure 15).

Based on the prepared UGC map, the Band-e-Lengeh structure
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is divided into three segments: East Band-e-Lengeh, Central Band-
e-Lengeh, and West Band-e-Lengeh. The East Band-e-Lengeh
structure is separated from the Central Band-e-Lengeh structure by
a saddle zone at a depth of -5220 meters from sea level, sitting
on the Kangan formation. The Central Band-e-Lengeh structure is
also separated from the West Band-e-Lengeh structure by a milder
saddle zone at a depth of -4620 meters from sea level, also on the
Kangan formation. The horizontal closure of the Dehram group in
the East Band-e-Lengeh structure is approximately 52.88 square
kilometers, and the vertical closure is 890 meters. The horizontal
closure of the Dehram group in the Central Band-e-Lengeh
structure is approximately 20.34 square kilometers, with a vertical
closure of 140 meters.

According to Figure 15, the eastern and central segments of
the Band-e-Lengeh anticline are not exposed to faults or salt plugs.
The western segment of the anticline is limited to the salt plug,
and therefore, the western segment lacks a defined closure for

hydrocarbon storage.

5. Conclusion

Based on the measured geometric indexes, the East Band-e-Lengeh
anticline belongs to the category of gentle folds. The overall
geometry of the anticline is oval to box-shaped, with the anticline
being almost symmetrical. The folds in the drawn cross-sections
are tilted toward the south, with only one cross-section (EE")
tilting towards the north. These variations indicate a differential
deformation from west to east.

The primary mechanism of folding in the East Band-e-Lengeh
anticline is identified as faulted detachment folding. According to
calculations using the method of excess area, the base detachment

horizon is located at a depth of approximately 11 kilometers,
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aligning with the Hormuz series at the sedimentary cover and
basement boundary.

The thick deposits of Triassic evaporites (Dashtak formation)
in some areas form a detachment horizon in the middle of the
sedimentary cover, leading to the axial shift of the fold. This could
complicate the selection of drilling locations for gas exploration.

Balanced cross-sections based on the layer length conservation
method show that shortening increases from the deeper formations
toward the near-surface formations. The average shortening in the
East Band-e-Lengeh anticline is around 4%, which is reasonable
considering the gentle nature of the folding in this anticline.

The results from the UGC map of the Dehram group reservoir
horizon in the Band-e-Lengeh anticline indicate that the East
Band-e-Lengeh anticline, with a suitable reservoir potential for
hydrocarbon storage (52.88 square kilometers horizontal closure
and 890 meters vertical closure independent of faults), and
positioned over the basement high, is a priority for exploratory
operations. The West Band-e-Lengeh structure is limited to the
Champe salt plug, and based on calculations, it lacks a defined

closure for hydrocarbon storage.
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Figure 1. Topography and structure of the Zagros Fold-Thrust Belt and the current rate of Arabia-Eurasia collision.

The convergence rate of the Arabia-Eurasia collision is from Sella et al. (2002). The location of the Mountain Front
Fault (MFF) is interpreted from Berberian (1995). (Image adapted from Blanc et al., 2003). The red rectangle in this

figure indicates the location of the Band-e-Lengeh anticline.
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Figure 2. The Band-e-Lengeh anticline (yellow rectangle) and
its position relative to adjacent structures. The locations of the
Zagros Foredeep Fault (ZFF) and the Mountain Front Fault
(MFF) are indicated on this map.
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Figure 4. Geological map of the surface outcrops in the study area (published by the National Iranian Oil Company, 2016). The locations of the

cross-sections and longitudinal section are marked on this map. The yellow lines in the image indicate the paths of cross-sections corresponding

to the acquired seismic lines.
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Table 1. Classification of the East Band-e-Lengeh anticline based on the fold tightness geometric index (Fleuty, 1964) and the fold gentleness

geometric index (G). The necessary measurements were taken on the Asmari equivalent formation in each cross-section. The studied anticline

is generally classified as a gentle fold according to the calculations.

Cross Section Dip of t::[rll')orthern SmIl)tilfe:rfl t:‘liemb I:;egrlle“?l;) Folding Angle (¢) ((;énil(;;::)ss Descriptive Term
AA’ 74.08° 60.06° 134.14° 45.86° 2.92,G>2
BB’ 81.71° 69.91° 151.62° 28.38° 5.34,G>2
ccC’ 78.19° 69.05° 147.24° 32.76° 4.49, G>2 Gentle
DD’ 72.3° 69.51° 141.81° 38.19° 3.71,G>2
EE’ 57.87 82.6° 140.47 39.53 3.55,G>2
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Table 2. Measurement of the fold symmetry geometric index (S) in the drawn cross-sections of the East Band-e-Lengeh anticline using the

method of Twiss and Moores (1992). The necessary measurements were taken on the Asmari equivalent formation in each cross-section. The

average value of this index is calculated as 1.05, and the anticline is generally classified as an almost symmetric fold.

Cross Section p1 p2 S =p1/p2 Descriptive Term
AA’ 74.08° 60.06° S=1.23,S>1 Asymmetric Fold, Vergence to South
BB’ 81.71° 69.91° S=1.16,S>1 Asymmetric Fold, Vergence to South
cC’ 78.19° 69.05° S=1.13,S>1 Asymmetric Fold, Vergence to South
DD’ 72.3° 69.51° S=1.04,S~1 Almost Symmetric
EE’ 57.87 82.6° S=0.70, S<1 Asymmetric Fold, Vergence to North

Sy 3o GolewsT dslas L5l 6});}(’}\( sl ol (b~ s (Lisle et al., 2006) of,Kes 5 J;J S ol (P) oy 53 slal G pwitin a5 Ls awlons =Y J g
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Table 3. Calculation of the fold aspect ratio in profile index (P) based on the classification of Lisle et al. (2006). The necessary measurements
were taken on the Asmari equivalent formation in each cross-section. The average aspect ratio of the northern limbs is 0.22, and the average
aspect ratio of the southern limbs is 0.26. Based on the calculations, the East Band-e-Lengeh anticline is classified as a wide fold (northern

limb) to a Broad fold (southern limb).

Aspect Ratio (P) in the Northern Limb Aspect Ratio (P) in the Southern Limb

Cross Amplitude (A)

Section (m) Breadth (B) (m) P=A/B Descriptive Term Brea((li;;'n (®) P=A/B Descriptive Term

AA’ 438.8 3210 P=0.13 Wide 2699 P=0.16 Wide
BB’ 484.2 4540 P=0.11 Wide 1943 P=0.25 Wide
cc’ 622.1 3568.3 P=0.17 Wide 2520.2 P=0.28 Wide
DD’ 9343 2983.5 P=0.31 Broad 3183.7 P=0.29 Broad
EE’ 765.2 2044.3 P=0.37 Broad 2459.4 P=0.31 Broad

Sy SolewT dalas L3l 555 C-)'Y gbéﬁfajl.b'l (b s (Bastida et al., 2005) 0l ,Kan 5 izl Sy ol y 0kl S0n Cla.» eoka el anlous —F J g
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Table 4. Calculation of the normalised area geometric index (a) based on the classification of Bastida et al. (2005). The necessary measurements
were taken on the Asmari equivalent formation in each cross-section. The overall geometry of the eastern Band-e-Lengeh anticline, based on

the normalized area geometric index, is an elliptical to box-shaped fold.

Cross Section Area Under Fold(m?) Total Area Under Chevron Normalised Area (o) Descriptive Term
Fold (m?)
AA’ 2267363 1416290 1.6 Box
BB’ 2214247 1383189 1.59 Box
ccC 2765794 1795136 1.52 Elipse
DD’ 5566176 3809005 1.46 Elipse
EE’ 5467968 4074759 1.34 Elipse
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Table 5. Axial shift created by the activity of the Dashtak formation. Measurements were taken from the top of the Dashtak

formation relative to the top of the Dehram group. A positive (+) sign represents an axial shift towards the foreland, while a

negative (-) sign indicates an axial shift towards the backland and internal areas. The initial thickness of the Dashtak formation

was 830 meters.
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Cross Section Axial Shift (m) Thickness oft];:sl?;:::(t f;)]l)‘mation Near Thi%(::ifﬁizi ]Zalf)htak
AA’ -1816.5 1267.6 437.6
BB’ -1143.5 1271.3 4413
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Figure 5- a) Balanced cross-section AA' based on layer length conservation. In this section, the geometry of two near-surface horizons (Mishan

formation and Guri member) has been reconstructed. b) The initial state of the formations after removing the effects of shortening caused

by folding and faulting. ¢) Bivariate chart showing the initial lengths of formations (bar chart) and their shortening amounts (line chart) in

the balanced cross-section AA'. The maximum initial length and maximum shortening correspond to the Mishan formation (22,644.7 m and

929.5 m, respectively), while the minimum initial length and shortening correspond to the Lower Paleozoic horizon (22,246.8 m and 531.6 m,

respectively). In this chart, each formation is represented with its specific standard (RGB) color.
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Figure 6- a) Balanced cross-section BB' based on layer length conservation. The geometry of four near-surface horizons (Mishan formation and
the Guri, Mol, and Champeh members) has been reconstructed. b) The initial state of the formations after removing the effects of shortening
caused by folding and faulting. c) The bivariate chart shows the initial length of the formations (bar chart) and the amount of shortening (line
chart) along the cross-section BB'. The maximum initial length and the maximum amount of shortening correspond to the Mishan formation
(6,24865 meters and 1,234 meters, respectively), while the minimum initial length and amount of shortening correspond to the Lower Paleozoic

horizon (24,197 meters and 566 meters, respectively). Each formation is displayed in its standard color (RGB) in this chart.
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Figure 7-a) Time interpretation (TWT) of the seismic line corresponding to cross-section CC'. The quality drop in the image indicates the
presence of a fault within the Dashtak formation. b) Balanced cross-section CC' based on layer length conservation. The geometry of two
near-surface horizons (Mishan formation and the Guri member) has been reconstructed. ¢) The initial state of the formations after removing
the effects of shortening caused by folding and faulting. d) The bivariate chart shows the initial length of the formations (bar chart) and their
amount of shortening (line chart) along the balanced cross-section CC'. The maximum initial length and the maximum amount of shortening
correspond to the Mishan formation (23,917 meters and 1,257 meters, respectively), while the minimum initial length and amount of shortening
correspond to the Lower Paleozoic horizon (23,193 meters and 533 meters, respectively). Each formation is displayed in its standard color

(RGB) in this chart.
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Figure 8- a) Time interpretation (TWT) related to the seismic line corresponding to the cross-section DD’. A decrease in reflector quality

indicates the presence of a fault in the Dashtak formation. b) Cross-section DD'. Along the path of this section, normal faults with a nearly

parallel orientation to the axial surface of the fold are observed on the southern limb. These faults have shallow depths, and their displacements

are accommodated within the Gachsaran formation.
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Figure 9- a) Time interpretation (TWT) related to the seismic line corresponding to the cross-section EE’. In this seismic profile, no fault is

present, and axial displacement due to the activity of the Dashtak formation is also not observed. b) Cross-section EE". In this section, the

thickness of the Dashtak formation is constant across the section, and thickening is not observed. In the northern anticline, the Bakhtiari

conglomerate deposits are unconformably overlaid on the Aghajari formation.
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Figure 10- a) Time interpretation (TWT) of the seismic line corresponding to longitudinal section FF'. b)

Longitudinal section FF' is drawn parallel to the axial surface of the fold and along the east-west direction with

a length of approximately 68 kilometers. The path of this section passes through the Band-e-Lengeh-1 well.
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Figure 11- a) Geometric indicators of an anticline (The interlimb angle is indicated by (i), and the folding angle is represented
by (¢)). b) Determining the symmetry of a fold based on the indicator (S). bl) Symmetric fold. b2) Asymmetric fold
with a northeastward tilt (clockwise/Z shape), b3) Asymmetric fold with a southwestward tilt (counterclockwise/S shape)
(adapted from Twiss and Moores, 1992). ¢) Calculation of the geometric index of aspect ratio (P) for asymmetric folds
(Lisle et al., 2006). d) Method for calculating the geometric index of normalised area () for asymmetric folds (adapted
from Lisle et al., 2006).
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Figure 12- a) A parasitic fold on the Gachsaran formation in the southern limb of the East Band-e-Lengeh structure along cross-section EE” (view
towards northwest). b) The western segment of the Band-e-Lengeh structure and the outcrop of the Pabdeh formation adjacent to the Champeh
salt plug (view towards west). ¢) Presence of a normal fault in the East Band-e-Lengeh structure (along cross-section DD") (view towards

northeast).
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Figure 13. Calculation of depth to the detachment surface using the excess

area method in a detachment fold (Mitra, 2002). In the present study, the

Asmari equivalent formation is selected as the reference stratigraphic horizon,

and the depth to the base detachment surface (Hormuz series) is calculated.
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formation (d)). The vertical displacement of the faults, shown in these comparative charts in blue, displays an almost linear trend.
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Figure 15. UGC map of the Dehram group reservoir horizon in the studied anticline. The locations of the cross-sections and

longitudinal section are indicated on this map. The contour lines are spaced 100 meters apart.
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