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1. Introduction

The Fars Paleo-High is located in the central part of the front of the
Fars Plateau (Motamedi et al., 2012; Bordenave and Hegre, 2012).

The studied area is on the northern margin of Fars Paleo-High

ABSTRACT

Numerous mechanisms are active during folding in folded-thrust belts, such as the role of salt
movement, the role of multiple detachments in sedimentary cover, interference between different
phases of deformation, and the role of basement during folding. The performance of these mechanisms
plays an important role in the formation of different structures and geological features in geological
units and folds geometry. In this research, such structures have been introduced and studied in
Takhteh, Nahreh and Kuh-e-Lar anticlines in the north of Fars Paleo-High during field observations
and measurement of geometric features of anticlines such as Aspect ratio, axial distance and half
wavelength. These structures mainly include growth strata, geometry of tectonic synchronous strata,
structures associated with shallow detachment such as rabbit-ear structures, faults that are themselves
structures that control the geometry and kinematics of structures, and sulfur springs that related to
faults and rheology of exposed formations. The present study shows that the anticlines have an aspect
ratio less than ten and are part of the detachment folds in which the detachment horizons have played
a role and have a dextral arrangement. The formation of these anticlines occurred at the same time,
which will be connected to each other, and these anticlines are associated with basement faults. The
location of these anticlines is suitable for the presence of hydrocarbons but the basement fault in the
southern flank of Takhteh anticline may affect the reservoir. The presence of water gaps and wind
gaps in the region is a sign of uplift and activity of the region.

and includes Takhteh, Nahreh and Kuh-e-Lar anticlines. Numerous
mechanisms are active during folding in folded-thrust belts, such

as the role of salt movement, the role of multiple detachments
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in sedimentary cover, interference between different phases
of deformation, and the role of basement during folding. The
performance of these mechanisms plays an important role in
the formation of different structures and geological features in
geological units and folds geometry. In order to fully document
history of the development of the region, it is necessary to combine
studies at different scales such as field work and the use of
seismic lines, because the age of these deformation events can be
investigated by structures, especially growth strata. The importance
of this study lays the foundation for further applied studies of oil

exploration in the region.

2. Research methodology

In this research, field operations have been carried out to collect
data and information of the studied area, and structures have been
introduced in these anticlines (Takhteh, Nahreh and Kuh-e-Lar)
that located in northern Fars Paleo-High. The geometric features of
anticlines such as aspect ratio, axial distance and half wavelength
have been measured and investigated. These structures often include
growth strata, structures related to detachment horizons such as
rabbit-ear structures, faults which are the structures that control the
geometry and kinematics of the structures, sulfur springs related
to the function of the faults and is affected by the rheology of the

region’s formations.

3. Results

The results of the field studies showed that the studied anticlines
have a northwest and southeast trend and a rightward stepped
arrangement due to the oblique collision of the Arabia-Iranian
plates and the evolutionary stages and growth of the folds on top of
the basement faults and also in relation to the strike-slip movements
of these basement faults. The presence of structures such as rabbit-
ear structures, fish-tile structures and footwall syncline confirm
the presence of detachment horizons at depth, which is one of the
necessary conditions for the formation of detachment folds. Also,
the existence of growth strata and onlap confirms the existence of
mechanisms between simultaneous sedimentation and tectonics
and their relationship with folding and faulting, the deposition of
sediment in marine and continental environments simultaneously
with tectonic activities. The existence of onlap in young formations
such as Aghajari and members of Gachsaran Formations proves
that after the deposition of Asmari Formation and folding and then
erosion of formations older than Aghajari Formation, during the
uplift of the anticline, the sandstone of Aghajari Formation in that
way, it has been onlaped on the Asmari Formation. Folding in the
young formations of the region (Bakhtiari Formation) indicates the
last stage of orogeny in the studied area. Sulfur springs and the

investigation of their sulfur isotopes at the faults in the area confirm

the connection of these faults with the reservoir at depth. The fault
in the northwest cape of Takhteh and the southeast of Nahreh
caused the placement of the older formations of the Bangestan
group (east side) on the younger formations of the Mol member of
the Gachsaran Formation (west side), which shows that the eastern
block of this fault It is located at a higher depth than the western
block. The devastating bitumen earthquake with a magnitude of
6.9 at a depth of 11 km and the damage caused by it is a sign of
the presence of a basement fault in the region. The results of field
work are used by integrating seismic line studies to investigate and

explore hydrocarbons.

4. Discussions

The geometric characteristics of folds are one of the most important
factors for the analysis and investigation of folds. Based on the
aspect ratio of the fold of the folds are divided into two groups
(buckle folds and forced folds) (Cosgrove and Ameen, 2000;
Sattarzadeh et al., 2000). Most of the buckling folds are formed on
detachment horizon; Detachment folds (Sattarzadeh et al, 2000) are
placed in this group for this reason. If the distance between the axis
of the folds is less than half of their wavelength, the folds will be
connected to each other as they continue to grow, which can be seen
at the bending junction between the two folds (Price and Cosgrove,
1990). This connection indicates the formation of two folds at the
same time, while if the distance between the axis of the folds is
more than half of their wavelength, during the growth of the folds,
they are not connected to the joint and only close to each other and
cover each other, causing a stepped state. According to the research
conducted in the anticlines of the region, the aspect ratio of the
folds is less than 10 and they have a dextral stepped arrangement.
Most of the folds are symmetrical and have a ladder arrangement
and are created due to the shear movement of the basement in the
direction of the fault. Most pleats have an aspect ratio between 2

and 10 and follow the pattern of buckle folds.

5. Conclusion

According to the research done, the presence of sour chalk can be
a sign of the possible release of hydrocarbons and the existence
of a relationship between the reservoir and the surface. Due to
the release of hydrocarbon, these transverse faults are probably
present up to the reservoir. The position of the anticlines is suitable
for the presence of hydrocarbons in terms of their location in the
paleo high, but the faulting of the basement on the southern edge
of the anticlines of Takhteh, Nahreh and Kuh-e-Lar may affect the
reservoir. Anticlines have aspect ratio less than 10 and are part
of detachment folds, where detachment horizons played a role in
the formation of these folds, and it has a straight dextral stepped

arrangement. The researches show that the formation of the folds
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happened at the same time and they will be connected to each
other in the future, and the anticlines are related to basement faults,
and the eastern block is due to the placement of old formations
on younger formations. It is placed higher rabbit-ear and fish-tile
structures are among the field evidences that confirm the role of
intermediate detachment horizons on fold geometry.

The presence of growth strata in the young Aghajari and
Bakhtiari Formations and the onlapping of the Aghajari
Formation on the Asmari on the southern edge of the Nehreh

anticline can be due to the action of the basement fault after
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the deposition of the Asmari Formation and folding and then
erosion of the formations older than the Aghajari Formation,
which during the uplift of the anticline, the sandstone of the
Aghajari Formation was onlapped on the Asmari Formation.
The presence of water gaps and wind gaps in the folds and
formations of the region is a sign of the uplift of the folds and
the activity of the region at present. The studied structures show
the deformations caused by changes in sedimentary sequences,
fold growth and faulting in depth, which can be achieved by

combining subsurface seismic data.
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Figure 1. The location of Fars Paleo-High and the study area (Takhteh, Nahreh and Kuh-e-Lar anticlines).
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Figure 3. Stratigraphy column of sedimentary cover
in the Fars paleo high (Szabo and Kheradpir, 1978;
Ghavidel, 1996; James and Wynd, 1965). This column
is based on thick units, with field study for younger
units from Cretaceous drilled well data to upper
Paleozoic depths and stratigraphy reports for lower

Paleozoic units.
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Figure 4. Rabbit-ear structure observed in the study anticlines. a) Rabbit-ear structure on the southern flank of Takhteh
anticline, northwest view, b) Rabbit-ear structure on the northern flank of Kuh-e-Lar anticline, northwest view, in
Tang-e-Jalali, also in the image of onlapping the Champeh member of the Gachsaran Formation and the Guri member of
the formation Mishan is observed on the Asmari Formation. ¢) Rabbit-ear structure on the north-eastern flank of the Nahreh
anticline, east of Kardil village southwest view. d) The model presented by Dahlstrom (1990) to explain the necessity of
surrounding a concentric fold by two detachment lower and upper horizons, as well as The formation of thrusts on the flank

of the main anticlines, which causes rabbit-ear structures (Modified after Dahlstrom, 1990).
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Figure 5. the shape of surface and deep processes during the development
of the filling of the foreland basin simultaneously with tectonics and the

deposition of growth strata related to the folded and thrust belts of the

foreland are showed (Vergés et al., 2002).
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Figure 6- a) Growth strata in the Bakhtiary Formation, Takhteh anticline, northwest view. b) Growth strata in Bakhtiary Formation
and angular unconformity between Bakhtiary and Aghajari Formations, west view. ¢) Growth strata in the Bakhtiary Formation

and in the west of the transverse fault around the Mand river, south flank of Nahreh, east view d) Growth strata in the Bakhtiary

Formation, Aghajari Formation angular unconformity, east view.
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Figure 7- a) The location of transverse faults in the Takhteh anticline and the change in the slope of the layers in the Asmari Formation and the

Champeh member of the Gachsaran Formation, north-east view. b) b1 and b2, the displacement of the champeh unit at the ground level and the

transverse faults in the Takhteh anticline, Northwest -West View.
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Figure 8- a) Schematic figure of limb wedge thrust (Shankar, 2002), b) limb wedge thrust

in the Takhteh anticline and the representation of growth strata in the Mol member, south

view.
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Figure 9- a) Thrust fault of the southern flank of the Nahreh anticline and the boundary between the Takhteh and Nahreh anticlines,
northwest view. The evidence of the thrust fault of the southern flank of Takhteh according to b) changing the slope of the layers in

the northeast view, ¢) Microfolds in the fault zone, west view, and the placement of the older formations of the Bangestan group next

to the Mol member of the Gachsaran unit.



\A

Ao—09 :(F) P (1 Fo P (o] pgle/gljSan g @idlgs 159/ ... GislwsS (oSlSo uliuioiz b buijo sl jlisl ) g G320

Ll 53 aleps Sl sla JSK8 (D sl g A3 ODlaS Sl daz gz 05 il 53 (alops (2L L LS sl Ss, 5 o ()0 S
Y89 (O 5 0315 mad) (glo) 3 blast (655 (gl il O gy 53 OME o il o3 e S5 OT JUis 4 5 0 e

Figure 10- a) Folding of the fault structure along with the fish-tile arrangement in Nahreh anticline, Champeh member of Gachsaran,
Southeast view, b) Schematic figure of the fish-tile structure in thrust in south flank of Sargelan anticline and forming the sub fold

of Sargelan anticline in Asmari outcrop in seismic lines, subsequently (Shamszadeh et al., 2016) .
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Figure 11- a) Sulfur spring in Obad area and breccia of the southern flank of the Takhteh anticline, north view. b) Sulfur spring

in Seif-Abad, southern flank of the Nahreh anticline and near its eastern tip.
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Figure 12-a) Nomenclature for a detachment fold and growth strata
deposited during folding. b-e) Models of overlap, offlap, and onlap.
Predictable geometries of syntectonic strata result from contrasts in
the relative rates of crustal uplift versus coeval rates of accumulation.
Crustal uplift is measured with respect to either: 1) the base of the

syntectonic strata adjacent to the fold or 2) the position of correlative

marker beds found in both the anticline and the adjacent syncline. When rates of accumulation are consistently greater than the rate of crustal

uplift, overlap will occur (Fig. 12-b), whereas lower rates of accumulation versus uplift lead to offlap (Fig. 12-c). Reversals in the relative

magnitude of these rates causes a switch in the bedding geometry (Fig. 12-d). Onlap (Fig. 12-¢) occurs following offlap and a change to more
rapid accumulation rates (Burbank and Verges, 1994).
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Figure 13. Onlap of Aghajari Formation on Asmari Formation in Nahreh anticline, northwest view.
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Figure 14. al and a2 (schematic diagram) of hanging wall anticlines and footwall syncline with the thrusting of Mosha fault in central

Alborz (Yassaghi and Mandaripour, 2008). b) Close-up view of the hanging wall anticline and footwall syncline of the Nahreh anticline.

c¢) An example of hanging wall anticline and footwall syncline in Nahreh anticline, west-northwest view.
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Figure 15. Formation of wind and water gaps across a growing anticline.
The larger stream can increase quickly as the surface is rising up, forming
a deep notch through the structure, which is a water gap. The smaller
stream keeps up for a while, but eventually is defeated by continuing
uplift, forming a wind gap (after Keller and Pinter., 2001 cited in Burbank
etal.,1999).

Bakhtiary fm..

Future Knticline

¢ Blind thrust
¢ Undeflected rivers

*Thrust ruptures to surface
Existing rivers incise through weak strata

¢ Defeat of some rivers
¢ Creation of wind gaps
¢ Deflection of defeated drainages
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Figure 16. Wind gap, a sign of the growth of folds and rising buildings. a) The wind gap in the Nahreh anticline. b) wind gap

in the Takhteh anticline, Aghajari Formation with a slope of 6-7 degrees towards the west and in the upper part of the alluvium

consisting of Bakhtiary conglomerate and an angular unconformity that indicates the growth of fold.
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Figure 17. Interpreted seismic lines a) Nahreh anticline, b) Takhteh anticline
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Table 1. Calculation of fold index (Aspect ratio) AR=length of hinge line (1)

divded by width of fold (w).

Name of stractures Aspect ratio Conclusion
Kuh - e- Lar 5.71=40/7 Buckle fold
Takhteh 6.15=32/5.2 Buckle fold
Nahreh 5.3=32/6 Buckle fold
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