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Detachment Horizons, The Zagros Fold-Thrust Belt (ZFTB) represents one of the most prolific
Folding, hydrocarbon provinces globally, characterized by complex interactions between
Mechanical basement tectonics and a thick sedimentary cover. Recent studies emphasizing
Stratigraphy, the Wilson cycles of the Zagros (Fu et al., 2024) and the precise timing of the
Mountain Front Fault initial collision between the Arabian and Eurasian plates provide a new

geodynamic framework for understanding the deformation history of this region.
Within the Dezful Embayment, a major structural depression in the SW lIran, the
Bangestan Anticline stands out as a critical hydrocarbon-bearing structure.
Despite extensive previous studies, the structural disharmony between surface
exposures and deep-seated reservoirs remains a challenge for exploration and
production. This study aims to reconstruct the structural geometry of the
Bangestan Anticline by integrating field-based measurements with subsurface
data from eight deep exploration and development wells.

The study area is located in the Khuzestan Province, situated at the transition
zone between the Dezful Embayment and the lzeh Zone. The Dezful
Embayment is characterized by a thick sedimentary succession (up to 14 km)
where the Asmari Formation, the primary reservoir, often remains buried.
Geophysical observations suggest that structural variations along the Zagros
collision zone are controlled by thermo-mechanical modeling and basement-
involved faulting. In the Bangestan area, the absence of the Hormuz Salt
. diapirism suggests a different detachment behavior compared to the Fars and
Receive:  2026-05-05 Lorestan regions (Alavi, 2004). The mechanical stratigraphy is dominated by
Accepted: 2026-07-24 several detachment levels, including the Gachsaran, Kazhdumi, and Dashtak
Published: 2026-08-23 formations, which facilitate decollement and multi-story deformation.
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Methodology

For the purposes of this study, we adopted a multidisciplinary approach that we broke down into four main
phases: we started with subsurface analysis, during which we looked closely at the data coming from eight key
wells—Bangestan-1, Parsi-1 and 8, and Karanj-4, 7, 9, 14, along with Khaviz-1 and by synthesizing the
lithological logs, thickness variations, and drilling reports available for these wells, we were able to identify
structural repetitions that pointed to thrusting activity; next came field mapping and remote sensing, where we
used geological maps and satellite imagery to draw out stratigraphic boundaries as clearly as possible, while
our field surveys across the anticline's limbs gave us direct measurements of dip and strike; then we moved on
to structural modeling, for which we constructed four major cross-sections, running from AA' to DD’, using
the Kink Method, and we brought in professional software like ArcGIS and AutoCAD to make sure that our
sections were geometrically accurate and correctly aligned with the topographic profiles; and finally, as the
last step, we carried out integration, where we correlated the stratigraphic columns taken from the wells with
the cross-sections we had built, which in turn allowed us to analyze shortening rates and also to take a closer
look at the axial shift phenomenon that we had observed.

Results and Discussion

The Bangestan Anticline, with a length of approximately 75 km and a width ranging from 4 to 8 km, is
characterized as an asymmetric, box-shaped fold that displays a sinusoidal axis (Mitra, 2002). Our findings reveal
a pronounced transition in folding style along the strike direction; in the northwestern sector, the fold exhibits a
broad, box-like geometry, whereas toward the southeast, it becomes notably tighter and more compressed as
tectonic shortening intensifies. This progressive change appears to be closely governed by the proximity of
detachment levels to the erosion surface, as well as by the overall magnitude of compressive stress.

Mechanical stratigraphy emerges as a decisive factor controlling the structure of the Bangestan Anticline,
and our study identifies three key detachment horizons that play distinct roles: the Dashtak Formation of
Triassic age acts as a deep seated detachment, effectively facilitating the decoupling of the lower
Paleozoic-Triassic sequences from the overlying Jurassic-Cretaceous strata; the Kazhdumi Formation, a shaly
unit of Cretaceous age, serves as a lubricating layer that permits the Bangestan Group comprising the llam and
Sarvak formations to slide and deform independently of the deeper Khami Group; and the Gachsaran
Formation, a highly plastic evaporitic unit dating to the Miocene, functions as an upper detachment that masks
deep seated faults and gives rise to disharmonic folding within the overlying Aghajari and Bakhtiari deposits.

The influence of the Mountain Front Fault (MFF) on the southern limb of the anticline is particularly
significant. Well data obtained from Bangestan-1 reveal stratal repetition, specifically involving the Surmeh and
Dashtak formations, at a depth of 5002 meters, which confirms the presence of blind thrusts in the area. These
thrusts are responsible for generating so-called "Rabbit-Ear" structures that are critically important for hydrocarbon
entrapment, yet they simultaneously induce the phenomenon of "Axial Shift." Indeed, our results demonstrate that
the subsurface crestal position of the Sarvak reservoir is offset by several hundred meters relative to its surface
expression. This offset is clearly borne out in the Khaviz-1 and Sartal areas, where drilling operations encountered
considerable structural complexities and repeated sections, all attributable to fault related thickening.

Conclusions

Based on the integrated analysis of structural, stratigraphic, and petrophysical data, the following conclusions
are drawn: in terms of geometric classification, the Bangestan Anticline is recognized as a faulted detachment
box fold that exhibits an asymmetrical geometry combined with a sinusoidal axis, reflecting the complex
interplay of shortening and detachment processes; mechanical stratigraphy, and in particular the Kazhdumi
and Dashtak detachments, emerges as the primary control on structural disharmony within the fold, giving rise
to distinct stratigraphic repetitions in the subsurface that we have documented through well data correlation; a
systematic southwestward axial shift is observed between the surface reservoir, represented by the Asmari
Formation, and the deeper Sarvak reservoir, and this offset means that future drilling targets in the Parsi and
Karanj fields will need to be recalibrated accordingly; fracture dynamics play a key role in reservoir quality,
as conjugate and systematic fracture networks further intensified by steep limb dips provide the essential
secondary permeability for fluid flow within these tight carbonate reservoirs; finally, the deep-seated gas
potential of the Neyriz and Khami groups is confirmed by our findings, yet drilling risks remain appreciably
high due to the structural complexity introduced by faulting associated with the Mountain Front Flexure
(MFF), which must be carefully managed in any future exploration program..
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Table (2): Thickness information of formations (in meters) from drilled wells and geological cross-sections
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Fig (2): Geological map of the Haftkel area and the location of the geological cross-section prepared therein (N.1.0.C., 1973)
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Fig (3): Geological map of the Kuh-e Sefid area and the location of the geological cross-section prepared therein.
(N.1.O.C., 1976)
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Fig (4): Geological map of the Aghajari area and the location of the prepared geological cross-section (N.I1.O.C., 1971).
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Fig (5): Geological map of the Behbahan area and the location of the prepared geological cross-sections (N.1.O.C., 1975).
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Fig (7): Geological cross-section B-B'.
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Fig (8): Geological cross-section C-C’.
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Fig (9): Geological cross-section D-D'.
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Fig (10): A view of systematic orthogonal joint systems in the carbonate sequences of the Asmari Formation,
Bangestan Anticline. Dissolution weathering (karstification) along fracture planes has led to the development of

a fracture network. This joint network plays a crucial role in creating secondary permeability and fluid
conduction in fractured reservoirs of the Zagros. View toward the northeast.
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Fig (11): A view of normal faults in the northeastern flank of the Bangestan Anticline. View toward the south.
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