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1-Introduction

The mechanical stratigraphy of the sedimentary cover sequence, especially the presence of incompetent layers that
can act as detachment zones, is a vital parameter control folding style in fold-thrust belts (Cotton and Koyi 2000;
Spratt et al., 2004). Intermediate Detachment layers cause structural separation and variation of the style of
folding in their upper and lower units. Therefore, the shape of the folds on the surface does not exhibit deep
geometry (Sherkati et al., 2006; Casciello et al., 2009). The Zagros fold-thrust belt is an appropriate area for
studying the behavior of detachment layers because the sedimentary cover in Zagros consists of several competent
and incompetent units, which cause a sequence with various mechanical characteristics (Sherkati et al., 2006;
Motamedi et al., 2012).

Dezful embayment as a part of the Zagros folded belt zone separated by the Kazerun-Borazjan Fault and the
Balarud Fault from Fars and Lorestan zones. The Hindijan-Bahrengsar fault zone (Pattinson and Jazayeri, 1972)
divide | embayment internally into the northern and southern parts. Also, the Gachsaran Formation in the Dezful
embayment composed of seven members acts as a detachment layer. Lithostratigraphy of the Gachsaran
Formation is composed of salt, anhydrite, marl, and lime layers. The NW-trending Zagros Front Fault (ZFF) is
located in the southern part of the Dezful embayment and is affected by the Nargsi, Sulabdar, Bibi-Hakimah,
Pazanan, Rage-sefid, and Aghajari anticlines (Fig. 1). Aims of this study are: (1) analysis of folds’ geometry, (2)
investigation on the effect of Gachsaran Formation as a detachment zone on the anticlines axial movement, and
(3) determination of the effect of the Gachsaran lithostratigraphy on the formation detachment behavior.

2-Methodologhy

The used data in this study include the present geological maps, data from field mapping, the present UGC maps
of Asmari Formation, the reflective seismic lines, and drilling well data from Aghajari, Pazanan, Rage-sefid, Bibi-
Hakimah, Sulabdar, and Narges anticlines. At first, the geological maps are georeferenced to be used as a base
map and then updated using field data gathered during this study. Through the Move software, the amount of
displacement on the axial trace of the surface and subsurface anticline axes for each anticline is estimated. Finally,
employing the wells graphic logs the Gachsaran Formation, and its salt thickness is calculated to estimate the ratio
of the thickness of salt to the total thickness of the Formation (Table 1).

3-Discussion

The folding style is mostly effected by changes in the mechanical characteristics of the sedimentary strata during
folding (Cotton and koyi, 2000; Spratt et al., 2004). Zagros sedimentary cover with a thickness of 8-14 km
consists of a different sedimentary sequence of competent and incompetent units (Motiei, 1995). Due to their
different rheology, the mechanical characteristics of these units are not similar and change along the strike of the
belt (Sherkati and Letouzey, 2004). In the study area, the disharmonic geometry of the Aghajari, Pazenan, Rage-
sefid, and Bibi-Hakimeh anticlines in the Asmari Horizon and the younger horizons is proposed to be the result of
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the detachment function of the Gachsaran Formation. According to Ramsay's (1967) classification, the study area
folding style in which the fold geometry changes from the surface to the depth is of parallel folds.
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Fig. 1. South Dezful embayment geological map.

Table 1. Estimated thickness of the Gachsaran Formation and its salt layers from the well logs.

Nargesi Sulabdar Bibi-Hakimeh Rage-sefid Pazanan Aghajari Anticline name.
Ni2 | Nil Su2 Sul Bh2 Bhl Rs2 Rsl P72 Pzl Aj2 Ajl Well name
From From Thickness of Gachsaran
303 | 328 Siicacs: | ‘Stieface 503 696 1146 796 2019 1176 1039 1302 Formation.
0 0 0 8 88 84 263 187 692 490 363 445 Total salt thickness
Salt thickness /
0 0 0 0 0.12 | 0.175 | 0.23 0.235 0.343 0417 0.35 0.342 Gachsaran Formation
thickness
0 | o 0 0 213 | 3861 | 3455 | 2115 | 1573 | 5806 | sié1 | aso2 | .  Svrfaceaxis
Displacement along well
100-200 m 200-500 m 1-4 Km 2.5-5.5Km 1.5-6 Km 2-6 Km Total axis Displacement

Table 2. Fold limbs attitude (dip) / (dip direction) and their interlimbs angle in Asmari and the younger
Formations of the anticlines in the study area.

Interlimb angle SW limb (Dip)/(Dip Direction) NE limb (Dip)/(Dip Direction) Anficling
Asmari Surface Asmari Surface Asmari Surface L
58-84 85-140 (40-70) 1 (223-247) | (16-42)/(220-232) | (21-47)/(041-060) (6-18) / (041-052) Aghajari
85-128 134-160 | (34-63)/(208-231) | (19-46)/(218-231) (15-34) 1 29-47) (6-16) / (041-050) Pazanan
62-106 90-130 43-78)1(199) @0-71) 1 211y (26-42) 1 (016) (09-18)/ (018) Rage-sefid
80-110 70-134 (52-78) 1 210) 21-81)1 209) 24-36)/ (021) (08-34) / (029) Hﬁ:i';i'eh
126-131 124-142 (45-62) 1 227) 35)/205) (16-32)/ (051) (18-31)/(037) Sulabdar
112-126 118-128 (19-36) 1 (228) (38)/(226) (23-33) 1 (050) B1)/(055) Nargesi
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The mechanical behavior of the evaporate layers of the Gachsaran Formations in the study area varies and have
different function as detachment horizons during deformation. The lithological and thickness changes of the
Gachsaran Formation control the folding style. In this study, variations on these two characteristics investigated as
the controlling factors of anticline geometry.

The folding style is mostly affected by changes in the mechanical characteristics of the sedimentary strata during
folding (Cotton and koyi, 2000; Spratt et al., 2004). Zagros sedimentary cover with a thickness of 8-14 km
consists of a different sedimentary sequence of competent and incompetent units (Motiei, 1995). Due to their
different rheology, the mechanical characteristics of these units are not similar and changes along the strike of the
belt (Sherkati and Letouzey, 2004). In the study area, the disharmonic geometry of the Aghajari, Pazenan, Rage-
sefid, and Bibi-Hakimeh anticlines in the Asmari Horizon and the younger horizons is proposed to be the result of
the detachment function of the Gachsaran Formation. According to Ramsay's (1967) classification, the study area
folding style in which the fold geometry changes from the surface to the depth is of parallel folds.

The mechanical behavior of the evaporate layers of the Gachsaran Formations in the study area varies and have
different function as detachment horizons during deformation. The lithological and thickness changes of the
Gachsaran Formation control the folding style. In this study, variations on these two characteristics investigated as
the controlling factors of anticline geometry.

4-Conclusion
1-The lesser dip angle of the Aghajari, Pazenan, Rage-sefid, and Bibi-Hakimeh anticlines NE limbs than that of
their SW limbs indicates that these anticlines have asymmetry geometry.

2- The folding geometry of the Aghajari, Pazanan, Rage-sefid, and Bibi-Hakimeh anticlines in the younger than
that of the Gachsaran Formation are different from its older formations. This disharmonic structural geometry is
related to the Gachsaran Formation detachment function. However, the fold geometry in the Sulabdar and Nargesi
anticlines in the Gachsaran Formation and its younger and older formations nearly similar. Also, the displacement
on the axial trace from the surface to the depth of the Asmari horizon is high in the Aghajari, Pazenan, Rage-sefid,
and Bibi-hakimeh anticlines, whereas in the Sulabdar and Nargesi anticlines this displacement is minimum. It is
proposed that this is due to the considerable thickness of salt in the Gachsaran Formation.

3- Whatever the salt thickness in the Gachsaran Formation is high, the anticlines surface axes displacement is
more than their axes in the Asmari Formation horizon. In these anticlines, thrust faults have also developed high
dip limbs and caused the movement of more salt content incompetent layers of the Gachsaran Formation, (such as
the Rage-sefid Anticline). In the Suldabor and Nargesi anticlines where the salt layers in the Gachsaran Formation
are not thick enough, thrust faults are not generated in the anticline limbs, and the normal faults developed in the
fold core zone formations, older than the Gachsaran Formation propagated to the younger formations.

S data, in the Aghajari, Pazanan, Rage-sefid, and Bibi-Hakimeh anticlines, salt layers are the dominant lithology
of the Gachsaran Formation and the percentage of salt layers’ thickness to the Gachsaran Formation total
thickness is more than the other anticlines. Also, the shift on the axial trace of these anticlines is enormous, and
thrust faults have developed in their southwestern limbs, whereas in the anticlines that Gachsaran Formation has
lesser salt content, the shift on their axial trace from the surface to the deep is less or without any displacement. In
these anticlines, the normal faults that have generated in the older formation than that of the Gachsaran Formation
propagated to the younger formations in the anticlines hinge zone area.
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Fig. 4. Graphic well logs (selected wells) on Aghajari (Aj), Pazanan (Pz), Rage-Sefid (Rs), Bibihakimeh (Bh), Sulabdar (Su) and Nargesi
(Ni) anticlines. (Salt layers sign by red colour in right log)
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Table. 1. Thickness of Gachsaran Formation and salt thickness in each well.

Anticline name Aghajari Pazanan Rage-sefid Bibihakimeh Sulabdar Nargesi
Well name Ajl Aj2 | Pzl Pz2 Rsl Rs2 Bhl | Bh2 Sul Su2 Nil | Ni2
Gachsaran formation thickness | 1302 | 1039 | 1176 | 2019 | 796 | 1146 | 696 | 503 | oM | From | oo | 303
surface | surface

Total salt thickness 445 363 490 692 187 263 84 88 8 0 0 0

Salt thickness ratio to
Gachsaran formation thichness 0.342 | 0.35 | 0.417 | 0.343 | 0.235 | 0.23 | 0.175 | 0.12 0 0 0 0
Axial surface shifted to axial | 50, | 5167 | 5806 | 1573 | 2115 | 3455 | 3861 | 213 0 0 0 0

depth along well

Total axial shifted 2-6 Km 1.5-6 Km 2.5-5,5 Km 1-4 Km 0.2-0.5 Km 0.1-0.2 Km
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Table. 2. Characteristics of limbs based on (Dip) / (Dip Direction) and angle between limbs on younger of Gachsaran and Asmari formations.

Anticline name NE limb (Dip)/(Dip Directioh) SW limb (Dip)/(Dip Direction). Inter limbs angle .
Surface Asmari Surface Asmari Surface Asmari

Aghajari (6-18)/(041-052) (21-47)/(041-060) (16-42)/(220-232) (40-70)/247-223) 85-140 58-84
Pazanan (6-16)/(041-050) (15-34)/(29-47) (19-46)/(218-231) (34-63)/(208-231) | 134-160 85-128
Rage-Sefid (09-18)/(018) (26-42)/(016) (40-71)/(211) (43-78)/(199) 90-130 62-106
Bibihakimeh (08-34)/(029) (24-36)/(021) (21-81)/(209) (52-78)/(210) 70-134 80-110
Sulabdar (18-31)/(037) (16-32)/(051) (35)/(205) (45-62)/(227) 124-142 126-131
Nargesi (31)/(055) (23-33)/(50) (38)/(226) (19-36)/(228) 118-128 112-126
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Fig. 5. Geological map of the Aghajari (a), Paznan (b), Rage-Sefid (c), Bibihakimeh (d), Sulabder (e) and Nargesi (f) anticlines with

presented the location of the axial surface anticline and comparing it with the axial subsurface anticline in the Asmari Formation for
determine the axial shift along the Gachsaran Formation.
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Fig. 6. Seismic lines and their interpretation in the southern Dezful embayment, (a) the Rage-sefid anticline with axial shift, and (b) the
Nargesi anticline whithout axial shift.
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Fig. 7. Surface outcrop of the Zagros Front Fault in the southern Dezful embayment, (a) Aghajari fault strike, (b) Mishan Formation on the

Aghajari Formation, (c) drag layers on Aghajari thrust fault, (d) normal faults on nargesi anticline hinge, (e) displacement of sandstones of
the Labrian member by normal faults, and (f) drag layers on hangingwall fault.
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Fig. 8. Surface outcrop of the axial surface of the anticline in the Dezful embayment, (a) the axial surface of the Paznan anticline with
coordinates x=402521, y=3386341, (b) the axial surface of the Rage-Sefid anticline with coordinates x=396025 y=3356687, (c) the axial
surface of the Aghajari anticline with coordinates x=384741 y=3397262, and (d) the axial surface of Bibihakimeh anticline with coordinates

x=480242 y=33171066.
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