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Article info Abstract

Article history The study area is located in the northern margin of the Fars paleo high plateau in the Zagros fold-
iﬁiﬁgﬁ; ig ﬁ’;ﬁﬁgi%& thrust belt. The presence of growth strata in the young Aghajari and Bakhtiari formations shows the
Keywords: continuation of folding until the Pliocene and Pleistocene times. The study of the geometry of the Nahreh
Fars paleo high, Nahreh anticline was carried out using seismic lines, geological cross-section drawing using Kink's method and
anticline, growth strata, X ) i N o -
onlapping, limb rotation. field studies. The difference in the geometry of the anticline below and above the Dashtak Formation

and multi axiality of anticline indicates the function of this formation as an intermediate detachment
horizon. The onlapping of the Aghajari Formation on the Asmari Formation has been observed on the
southern limb of the Nahreh anticline. This onlapping can be happen due to the action of the basement
fault after the sedimentation of the Asmari Formation. Thus after the deposition of this Formation the
Nahreh anticline was folded and then the erosion of formations older than the Aghajari Formation,
occurred during the uplift of the anticline. After that, sandstone of the Aghajari Formation deposited on
top of the Asmari Formation. Based on the analysis of the geometry of those onlaps investigated in the
seismic lines and in the field compared with existing models, this anticline is more consistent with the
limb rotation around fixed hinges, and according to the seismic line it is consistent with the hinge
migration model. It is also consistent with model C of detachment folds and with an uplift rate greater
than sedimentation.

Introduction deformation during its compression phase (Vergés etal.,

The Zagros orogenic belt in the northeastern margin
of the Arabian plate has been extended in a northwest-
southeast direction from Turkey to the Strait of Hormuz
with a length of more than 2000 km. The ancient Fars
paleo-high is located in the central part of the Fars
Province, and the studied area is located at the northern
edge of the ancient Fars plateau (Nahreh anticline) (Fig.
1). In the stratigraphic column of Fars, the Hormuz salt
series is present as the main detachment horizon, and the
Dashtak Formation is the middle detachment horizon.
The growth strata is strong evidence to reveal the
kinematics of the fold and the history and timing of

2002).

During folding, the specific geometries observed in
the growth strata are related to hinge kinematics. All
models are in agreement with the specific growth strata
geometry for each of the fold model kinematics.
Consequently, growth strata geometry can be an
efficient method for the study of fold kinematics, which
is essential for modeling (Hardy and Poblet, 1994;
Ahmadi et al., 2006; Mercier et al., 2007; Livio et al.,
2009).
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Materials and Methods

In order to study the geometry of the anticline at the
surface and depth, we need to design a structural section
of the area. The position of structural sections is chosen
in such a way that, while seismic data are used to draw
the sections, geological structure and phenomena can be
used to interpret the seismic lines.

Field observations were made on this anticline and
by completing the data, structural sections were drawn
on this anticline using the kink method in Move 2018
software and then compared and controlled with the
geological information obtained from the field
observations.

Results and Discussion

In the western parts of the study area in the southern
flank of the anticline, the Aghajari Formation with
growth strata is observed on top of the Asmari
Formation. The growth strata show folding during
deposition of the Aghajari Formation. The folding in the
fold and thrust belts is dependent on the amount of
friction present at the base of the shortening sediments,
so that as the friction decreases with the presence of a
ductile unit, the temporal precedence of the
development of folding over faulting increases (Mitra,
2003; Hughes, 2013).

The discontinuity in the growth strata is mainly
caused by the kinematics of the folds. Due to the
migration of the kink bands axis, anticlines and the
progressive rotation of the limb, three types of growth
strata discontinuities have been identified: 1) Growth
strata related to the migration of the kink bands in active
anticlines (Hardy and Poblet, 1994). 2) Growth strata
associated with kink band axis migration in active
syncline, and 3) growth strata associated with limb
rotation.

The different geometries of the growth strata
developing during hinge migration, as opposed to limb
rotation around a fixed hinge have been studied (Rafini
and Mercier, 2002).

Other important parameters, such as sedimentation
rate and uplift rate, also control the final growth-strata
geometry. The ratio of the sedimentation rate to the
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uplift rate (R) controls the morphology of the fold. At
high sedimentation-to-uplift ratio (R>1), the anticline
structure remains immersed in the basin beneath the
growth strata. This is particularly true for offshore
anticlines with low amplitude, as seen on many seismic
profiles. Low sedimentation-to-uplift ratios (R«1)
typically cause the anticline structure to emerge from the
basin. This is the case for most of the continental folds
found in nature (Rafini and Mercier, 2002).
Conclusions

The evolutionary history of a sedimentary basin
includes geological events that have affected the
sedimentary basin over time, causing changes in the type
of sediments, the rate of sedimentation, and the
conditions of the sedimentary basin.

The presence of growth strata in the seismic lines and
field operations in the young Aghajari and Bakhtiari
formations and the onlapping of the Aghajari on the
Asmari formations in the southern limb of the Nahreh
anticline can be due to the action of the basement fault
after the deposition of the Asmari Formation. In fact
after the deposition of the Asmari Formation, folding
occurs in Nahreh anticline and erosion of the older
formations than the Aghajari Formation occurs, during
the rise of the anticline. Then the Aghajari Formation
sandstone was deposited on the Asmari Formation. The
presence of growth strata in Aghajari and Bakhtiari
formations also shows the continuation of folding until
the Pliocene and Pleistocene.

According to the studies conducted, the Nahreh anticline
is consistent with model C of detachment folds and with
a low sedimentation-to-uplift ratios (Rafini and Mercier,
2002). The slope of the growth strata was measured in
the filed observation. Then they were plotted on the
chart where vertical axis is slope of growth strata and
horizontal axis is number of growth strata beds.
Comparison with the presented models and seismic
lines, it shows the limb rotation with hinge migration
mechanism.
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Fig.10. The role of non-resistant layers and the geometry of faults on the mechanism of folding and the kinematic evolution pattern
of faulted detachment folds (Mitra, 2002). Asymmetric detachment fold with thin incompetent unit in type one. Asymmetric
detachment fold with type two thick incompetent unit. Symmetric detachment fold type three. In each model froma to d, the amount
of shortening increases: 1. the formation of the initial fold, 2. the growth of the fold with the rotation of the front edge, 3. the
propagation of the fault in the competent units, 4. the connection of the fault to the detachment horizon (Mitra, 2002).
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Fig. 11. Expected geometry in growth strata obtained with different hinge kinematics. a) with hinge migration, b) with limb rotation
around fixed hinges (Ahmadi et al., 2013). Lines 1-5 show schematically the evolution of the fold limb in the pre-growth strata.
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Fig. 12. Dip trend lines of growth strata layers in deep erosion cases. a) with hinge migration, b) with limb rotation around fixed

hinge (Ahmadi et al., 2013). The slope of the growth strata in the study area was measured and plotted in red color in the image.
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1: Uplift rate greater than sedimentation 2: Sedimentation rate greater than uplift
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Fig. 13. Examples of fold models and their expected growth strata geometry. Case 1 describes geometries when the uplift rate is
greater than the sedimentary rate (which causes all fold types to emerge at the surface). Case 2 is obtained when the sedimentation
rate is greater than tectonic uplift, and the fold does not emerge from the basin (the case treated here using modelling software

developed from Rafini and Mercier (2002). Models a and a” are fault-bend fold, models b and b" are fault-propagation fold and
models ¢ and ¢” are detachment fold.
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