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1-Introduction

In active tectonic regions, surface deformation can manifest as active folds (Keller and Pinter, 2002). In
recent years, active folds have been investigated as one of the characteristics of young tectonic regions
(Keller et al., 1999; Goode, 2011; Scharer, 2006). One of the tectonic regions suitable for studying active
folding is the Zagros Fold-Thrust Belt (ZFTB). The seismic history and geomorphological evidence
indicate ongoing neotectonic movements in the Zagros, with the main deformation attributed to hidden
faults and folds (Bachmanov, 2003; Berberian, 1995; Vernant et al., 2004; Homke et al., 2009). These
deformations are identifiable and have been the subject of previous studies. This study examines the Kabir

Kuh Anticline (KA) geomorphic indices and discusses its tectonic activity. Moreover, this anticline is also
discussed in terms of the presence of active folding.

The KA is located on the Mountain Front Fault (MFF) 's hanging wall, considered an active fault in the
Zagros. The anticline has resulted from the folding of the sedimentary rocks in the Lurestan sector of the
ZFTB. The Karkheh River flows along the northern limb and passes through the southeastern nose of the
anticline. Along the Kabir Kuh Anticline, a wind gap has formed as a large valley (Fig. 1). The northeastern
limb of the KA hosts one of the world's largest landslides, called the Seymirah Landslide (Fig. 1). The
Seymareh Landslide has been a significant event, believed to have been formed by a planar slide of the
Asmari formation layers on the top of the Pabdeh formation on the northeastern limb of the KA, forming a
large ancient lake by blocking the path of the drainage system. The process of lake forming in the context

of active folding is discussed in this paper.

2-Material and methods

Geological indices have been estimated to assess the level of tectonic activity in the KA within the study
area, and evidence of morphotectonics and geology of active folding has been studied. When analyzing the
geomorphic indices, we mapped rivers, main valleys, and drainage basins using a Digital Elevation Model
(DEM). The area was divided into 45 basins, and geological indices for all basins were estimated.
Geomorphic indices of drainage basins related to the anticline, including the stream length-gradient index
(SL), mountain front sinuosity index (Smf), ratio of valley floor width to valley depth index (Vf), drainage
density (P), basin shape index (Bs), drainage basin asymmetry index (Af), and hypsometric integral index
(Hi) were calculated. The relative tectonic activity index (lat) was determined by averaging the
classification of these indices. Evidence of active folding, irregularities in the pattern of valleys, and the
geometry of the Karkeh River valley near the southeastern nose of the range were examined. Furthermore,
the wind gap was investigated in the field for evidence of the past river flow.
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Fig. 1. Geological map of the study area. It was adapted from the geological maps of Ilam-Kuhdasht (Llewllyn, 1974),
Dalpari (Setudehnia and Perry, 1967), and Dehloran (Fakhari, 1993) with some modifications.

3-Results and discussions

Analysis of topographic indices in the Kabir Kuh drainage basins shows a high to moderate level of tectonic
activity in this area, reflected in various indices. The stream length-gradient (SL), drainage density (P), and
hypsometric integral (Hi) exhibit similar results, indicating higher tectonic activity closer to the
southeastern nose of the anticline, wind gap valley, and Seymerah landslide. Additionally, drainage basins
are smaller in these parts, suggesting their youthful nature.

The valley floor-to-depth ratio (VF) in the southeastern nose, the wind gap valley, and the Seymareh
landslide zone indicate lower values, signifying high tectonic activity in these regions. As for the basin
shape index (BS) and the asymmetry factor index (AF), no clear trend is observed.

The relative tectonic activity index (lat), calculated by averaging basin values of different indices, serves
as a reliable indicator for classifying basins based on tectonic activity (Table 1). It shows significantly high
tectonic activity in basins located in the southwestern flank of the anticline and in the wind gap valley and
Seymareh landslide zone, possibly due to greater uplift in these areas (Fig. 2). Mountain fronts in the
southeastern flank of the anticline exhibit slight curvature, indicating active uplift, as reflected in the Smf
index, where values decrease from the Seymareh landslide zone towards the southeastern nose of the
anticline. Moreover, river valleys beside the Seymareh landslide and from the wind gap to the SE nose of
KA formed deep valleys with narrow floors, further evidenced by VF < 1, indicating intense tectonic
activity in these regions.
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Table 1. Value of lat index for the drainage basins

Geomorphic index class

Basin Vi Hi Bs Af SI Smf P S/n  latclass
1 3 2 2 2 3 1 21 3
2 2 2 3 3 3 1 23 3
3 1 1 3 2 1 1 15 2
4 1 1 3 2 1 1 15 2
5 1 2 3 1 3 1 18 2
6 3 1 1 1 3 1 16 2
7 1 2 3 1 3 1 18 2
8 1 2 3 1 1 1 15 2
9 2 2 3 3 1 1 2 3
10 1 2 2 3 2 1 18 2
11 3 2 3 3 1 1 21 3
12 2 1 3 3 1 1 1.8 2
13 1 2 3 1 2 1 2 3
14 2 2 3 3 2 1 21 3
15 2 1 3 1 1 3 1.8 2
16 3 2 3 1 1 1 18 2
17 1 2 3 1 3 2 2 3
18 1 1 3 3 3 3 23 3
19 1 2 3 2 3 3 23 3
20 1 2 2 3 3 1 2 3
21 1 1 3 2 3 2 2 3
22 3 2 2 3 2 1 21 3
23 1 2 3 3 3 2 1 21 3
24 1 2 3 3 1 2 2 3
25 1 2 3 1 3 1 1.8 2
26 1 2 3 1 3 1 1.8 2
27 2 1 3 2 3 2 21 2
28 3 1 3 2 3 3 25 4
29 3 2 2 3 1 1 1 18 2
30 3 1 3 1 3 1 1 18 2
31 3 1 1 3 2 2 2 3
32 3 1 2 2 2 1 18 2
33 3 2 3 3 3 2 1 24 3
34 1 1 2 2 1 2 1 14 1
35 3 2 3 2 3 1 1 21 3
36 2 2 2 2 1 3 1 1.8 2
37 3 2 3 1 1 1 1 1.7 2
38 3 3 1 3 3 2 1 22 3
39 3 2 2 3 3 2 1 22 3
40 1 2 3 1 3 2 1 18 2
41 3 1 2 3 3 2 1 21 3
42 2 1 3 1 3 2 1 1.8 2
43 2 2 3 2 3 1 21 3
44 3 1 3 3 3 2 1 22 3
45 3 2 3 1 2 2 1 2 3

A study of the river terraces that have undergone bending due to the uplift of the earth's surface in
response to the lateral growth is one of the best indicators for examining the lateral growth of the folds
(Keller et al., 1999). River terraces at two locations in the wind gap valley are observed at a higher elevation
than the Karkheh River, indicating the presence of an old riverbed, and their increased elevation can be
evidence that they have uplifted through folding that could be demonstrated that in the past, the wind gap
valley was connected to a river path that was located on the southwest flank of the anticline and the river
used to flow through this path, then as the Kabir Kuh anticline grew, the river deviated from its path and
bypassed the current route of the southeastern nose of the anticline.

According to the evidence obtained from the analysis of parameters and considering that the Kabir Kuh
anticline is compatible with the Zagros Frontal Fault (Fig. 1) (Berberian, 1995), the young movement of
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the Mountain Frontal Fault can be manifested in the growth of Kabir Kuh Anticline. These pieces of
evidence indicate that KA activity is connected to the MFF.
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Fig. 2. Map of relative tectonic activity index (lat) in the Kabir Kuh anticline drainage basins.

Naturally, active folding processes can block river path and accumulate water behind the fold in the
form of lakes. Such an interpretation associates the presence of a lake at the location of the Seymareh
landslide with fold growth, supporting the possibility that the lake was initially formed and then the
landslide occurred as the northeastern flank of KA was saturated.

4-Conclusion
The most important outcome of this study can be summarized as follows.

The geomorphological indicators show evidence of tectonic activity in the study area at the southeast
part of the Kabir Kuh Mountain;

Geomorphological evidence, such as a large wind gap in the middle of the anticline narrow-bedded deep
valley between the wind gap and the southeastern nose of Kabir Kuh, supports the idea that Kabir Kuh
Mountain is an active fold.

Alluvial deposits in the wind gap valley at higher levels indicate an old river flow. This situation may
suggest that the Karkheh River once flowed through the wind gap valley and, with the growth of the fold,
found a new path and bypassed the KA.

Considering the connection of the anticline with the Mountain Front Fault, the active folding is related
to the activity of this main fault.

With the confirmation of the active thrust fault in Kabir Kuh, the possibility is supported that during the
closure of the old river path to find a new path, an ancient lake formed within the Seymireh landslide zone
and became a factor in creating Seymareh landslides.
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£ Y=h/H High Activity: Hi>0/5 Hmin) /(Hmax- Integral (Hi)
3 El Hamdouni et al. (2008) Hmin)
3 R
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Table 2. Calculated value and class for the Kabir Kuh drainage basins.
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Fig. 3. The positions of Wind Gap and Water Gap on the section along the axial trace of the Kabir Kuh anticline.

Basin SL P Smf BS AF Hi
Value Class Value Class Value Class Value Class Value Class Value Class Value Class
1 105 3 0.24 1 3.2 2 1.2 3 -10.7 2 0.499 2
2 230 3 0.23 1 2°.2 3 0.7 2 2.7 3 0.492 2
3 748 1 0.16 1 15 3 0.3 1 9.8 2 0.501 1
4 943 1 0.33 1 2.2 3 0.1 1 -12.1 2 0.504 1
5 146 3 0.47 1 2.1 3 0.2 1 19.1 1 0.497 2
6 48 3 0.30 1 4.4 1 1.1 3 25.5 1 0.501 1
7 148 3 0.45 1 1.6 3 0.3 1 -24.6 1 0.496 2
8 778 1 0.27 1 0.7 3 0.1 1 -35.0 1 0.490 2
9 553 1 0.31 1 0.9 3 0.8 2 2.6 3 0.496 2
10 474 2 0.49 1 3.4 2 0.1 1 7.0 3 0.420 2
11 682 1 0.46 1 15 3 1.7 3 6.9 3 0.497 2
12 1842 1 0.31 1 2.3 3 0.5 2 1.2 3 0.506 1
13 318 2 0.46 1 1.9 3 0.2 1 -33.9 1 0.495 2
14 315 2 0.44 1 2.8 3 0.6 2 3.7 3 0.498 2
15 658 1 0.64 3 2.1 3 0.6 2 -38.2 1 0.501 1
16 797 1 0.49 1 1.9 3 14 3 34.6 1 0.494 2
17 301 3 0.55 2 2.2 3 0.2 1 18.9 1 0.497 2
18 234 3 0.72 3 2.3 3 0.1 1 -6.8 3 0.505 1
19 256 3 0.78 3 2.6 3 0.2 1 -13.7 2 0.496 2
20 154 3 0.27 1 3.9 2 0.3 1 -3.5 3 0.494 2
21 241 3 0.60 2 15 3 0.3 1 13.4 2 0.502 1
22 381 2 0.10 1 3.8 2 1.2 3 -5.4 3 0.499 2
23 264 3 0.34 1 11 2 1.3 3 0.4 1 -5.3 3 0.498 2
24 1124 1 0.52 2 2.8 3 0.1 1 -6.6 3 0.494 2
25 104 3 0.36 1 15 3 0.2 1 -21.9 1 0.494 2
26 132 3 0.31 1 1.8 3 0.1 1 -18.3 1 0.497 2
27 73 3 0.59 2 2.3 3 0.8 2 -10.8 2 0.504 1
28 145 3 0.69 3 2.0 3 2.8 3 -10.6 2 0.500 1
29 3956 1 0.36 1 1.0 1 3.8 2 1.2 3 -0.5 3 0.493 2
30 137 3 0.38 1 1.0 1 1.2 3 1.8 3 -15.2 1 0.502 1
31 362 2 0.56 2 4.2 1 3.9 3 -3.9 3 0.503 1
32 399 2 0.34 1 3.6 2 2.4 3 7.3 2 0.501 1
33 167 3 0.44 1 11 2 2.4 3 2.9 3 -1.1 3 0.494 2
34 1335 1 0.48 1 11 2 3.2 2 0.1 1 -12.4 2 0.503 1
35 164 3 0.26 1 1.0 1 15 3 2.7 3 -10.4 2 0.499 2
36 1376 1 0.43 1 18 3 3.9 2 0.8 2 -8.4 2 0.492 2
37 613 1 0.22 1 1.0 1 1.9 3 2.2 3 24.1 1 0.496 2
38 140 3 0.39 1 11 2 4.3 1 3.8 3 4.4 3 0.025 3
39 158 3 0.47 1 1.3 2 3.7 2 7.3 3 6.3 3 0.471 2
40 110 3 0.42 1 1.2 2 2.1 3 0.4 1 27.4 1 0.495 2
41 82 3 0.35 1 1.2 2 3.0 2 2.6 3 0.3 3 0.511 1
42 63 3 0.27 1 1.2 2 1.9 3 0.5 2 -28.1 1 0.502 1
43 77 3 0.23 1 2.5 3 0.8 2 -7.1 2 0.495 2
44 68 3 0.15 1 1.2 2 14 3 1.2 3 -1.8 3 0.501 1
45 470 2 0.22 1 1.2 2 2.2 3 1.2 3 -19.6 1 0.497 2
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Fig.13. Location of the points where the alluvium deposits of the river observed in the wind gap (Points 1 and 2). The

possible old path of the river is indicated by yellow line
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Table 3. Value of lat index for the drainage basins
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Fig. 15. Topographic cross-section of the old river path (yellow line in Figure 12) and the locations where river alluvium
deposits observed (points 1 and 2).

5 Y ahais )0 oo soalive (18] Slgas, (€) ¢ | alais 28 5T g, 51 o035 slod () ) abais 10 oos ssalice (28 5] Slge, @) 10 IS5

Dgd dal e VY SS 4 bla Casdge cgx ¥ alads u;‘;é)..fl Slgasy 31 SGo3 sl ()
Fig. 15. (a) Alluvial deposits observed at point 1, (b) Close-up view of the deposits at point A; (c) Alluvial deposits
observed at point 2 and (d) Close-up view of the deposits at point A. Refer to Figure 12 for the locations of the points.
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