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1-Introduction

Analysis of geomorphic indices using remote sensing techniques and geographic information systems is
crucial and rapid for evaluating tectonic activity within areas affected by relatively fast and slow rates of
active tectonics (Keller, 1986; Faghih et al., 2015). Results of such analysis are advantageous for appraising
natural hazards and informing land use development and management in populated areas (Cheng et al.,
2017; Pedrera et al., 2009; Faghih et al., 2011, 2012). The Iranian plateau, situated within the Alpine-
Himalayan active tectonic zone, has been significantly impacted by tectonic activities throughout its history
(Seraj et al., 2020). This research assessed the spatial variation of deformation and tectonic activity along
the Jiroft fault by analyzing geomorphic indices. This fault is an eastern segment of the Jiroft-Sabzevaran
fault system located on the western margin of the Jazmurian depression (Fig.1).
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Figure 1. (a) Simplified inset map of structural and tectonic units of southeast Iran. A black rectangle shows the
location of the study area, and (b) a geological map of the study area is displayed.
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2-Material and methods

The geomorphic indices are evaluated based on either an analysis of the drainage basin or mountain fronts
(Nezamzadeh et al., 2024; Zarei et al., 2023; Gholami et al., 2023). These indices may detect anomalies in
the drainage system or along mountain fronts (El Hamdouni et al., 2008). This study utilized a digital
elevation model with a 30-meter resolution, a 1:50,000 topographic map, and a 1:100,000 geological map
as its primary data sources. The river's network and drainage basins were extracted from the Digital
Elevation Model (DEM) based on the mountain ridges. We used Arc GIS and Global Mapper software to
quantify six morphotectonic indices such as stream sinuosity index (S), percentage dissected mountain
fronts (Fd), mountain front sinuosity index (Smf), stream length gradient index (SI), the ratio of valley floor
width to valley height index (Vf), drainage basin shape index (Bs) in the Jiroft fault (Keller & Pinter, 2002;
Ramirez-Herrera, 1998; Wells et al., 1988; Rockwell et al., 1985; El Hamdouni et. al., 2008; Keshavarz et
al., 2021; Faghih et al., 2016 a). Different indices have been analyzed for 15 sub-basins and neighboring
mountain ranges (Fig. 2B) and assigned different tectonic classes based on the range of values of individual
geomorphic indices (Table 1). These classes are then summed, averaged, and arbitrarily divided into
relative active tectonics (IRAT) indexes over the entire study area. This methodology has been successfully
applied in other geological settings with active tectonics, yielding promising results (Bull, 2007; Fountoulis
et al., 2015; Faghih and Nourbakhsh, 2015; Faghih et al., 2016b).

Table 1. Classification of morphotectonic indices based on tectonic activity.

No Indices Class3 Class2 Classl
Low Tectonic Moderate tectonic High tectonic
activity activity activity
1 Mountain Front Smf > 1/5 1.1<Smf< 1.5 1.1>Smf
Sinuosity Index
2 Ratio Of Valley Floor Vi>1 1>Vf>0.5 0.5>Vf
Width to Valley Height
Index
3 Stream Sinuosity Index SI>1.5 1.5>SI>1.1 1.1>SI
4 Drainage Basin Shape 1.5>Bs 2.3>Bs>1.5 Bs>2.3
Index
5 Percentage Dissected Fd>0.66% 0.66%>Fd>0.33% 0.33%>Fd
Mountain Fronts
6 Stream Length 300>SL 500>SL>300 SL>500
Gradient Index

3- Results and discussions

Calculated Smf and Fd values indicate that the mountain front formed by the Jiroft fault zone is tectonically
active, with values ranging from 1.04 to 1.73 and percentages of 52% to 76%, respectively. The range of
Vfis from 0.12(basin 7) to 1.50(basin 14). Based on these values, all measured basins fall in class 1(except
basin 14) of tectonic activity and the V-shaped form of the valley. Bs ranges from 1.03 (basin 1) to 4.97
(basin 14). More than two-thirds of the analyzed basins belong to classes 1 and 2. These basins are
elongated ,with higher Bs values than Class 3, and have lower Bs values and nearly circular shapes (Fig.

13B, Table 2). The SL value ranges from 174 (basin 15) to 4584 (basin 7). The values were classified as
the most basin in class 1 of tectonic activity. Based on stream length-gradient index values (S), most of the
basins developed in the study area are categorized as moderately active, with S values ranging from 1.04
to 1.35.
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Table 2. Calculated indices and Iat classification (relative tectonic activity index) in the study area.

No Smf S S1 A% Fd Bs Jat -Value Iat -class
1 3 2 1 1 3 1 1.86 2
2 3 2 1 2 3 1 2.00 2
3 3 2 1 1 2 1 1.66 2
4 2 2 1 --- 2 1 1.60 2
5 2 2 1 1 2 2 1.66 2
6 2 2 1 --- 2 1 1.60 2
7 2 2 1 1 2 1 1.50 2
8 2 2 1 1 2 3 1.80 2
9 2 1 1 1 2 2 1.50 2
10 2 2 1 1 2 2 1.66 2
11 1 2 2 1 2 2 1.66 2
12 2 2 1 1 2 2 1.66 2
13 3 2 2 1 3 2 2.16 3
14 3 2 1 3 3 3 2.50 3
15 3 2 3 --- 3 3 2.80 4

By averaging the six geomorphic indices measured (Smf, Fd, Vf, Bs, SL, and S) and their classification,
we recognized the distribution of relative tectonic activity (Table 2). Four classes define the degree of
relative tectonic activity: class 1, very high (1.0 <IRAT < 1.5); class 2, high (1.5 <IRAT < 2); class 3,
moderate (2 <IRAT <2.5); and class 4, low (2.5<IRAT<3.5). Regarding the yielded results, the distribution
of these four classes is shown on Fig. 2. On this map, the high and moderate Iat values predominate in most
of the basin. The bedrock in these basins is primarily Gabbro, which has a similar resistance to erosion. The
observed changes in the lat index are due to changes in tectonic activities. Low values appear in basins 13
to 15, located in the southern part of the fault. This difference may be related to changes in lithology, such
as shale, limestone, and sandstone. Also, the fault's strike near these basins changes direction to the
southeast.
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Figure 2. (a) Calculated Iat index in the study area, and (b) Classification map of the Iat index in the study area.
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4-Conclusion

Combining geomorphometric indices translates to quantitative geomorphic-tectonic analysis to detect
anomalies affecting the river system, mountain fronts, and topographical slopes. Morphotectonic analysis
of the Jiroft fault in the western part of the Jazmourian depression shows that relative tectonic activity
decreases toward the south. High tectonic activity was observed in the basin (1-12) from the north and
middle part of the study area. Due to the same lithology of this basin, the difference in lat refers to changes
in active tectonics. Basins in the southern part, which exhibit low tectonic activity, are located where the
fault strike changes direction to the southeast, and the lithology is more variable.
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Fig. 1. (a) Simplified inset map of structural and tectonic units of southeast Iran. Location of the study area is shown by
a black rectangle, and (b) the Geological map of the study area.
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Fig. 2. Faults Map in the study area.
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Tablel. Summary of the morphometric parameters used in the analysis of tectonic activity

Morphotecto
nic Description Method of measurement Formula References
parameter
AH/AL: is the slope of the stream
_ segment
Strear}rll g AH Keller and
Lenght L: the total length between the SL = AL L Pinter, 2002
index source and half of the segment
studied
Vfw: the width of valley floor,
Vf = 2Vfw/
Valley Floor Eld and Erd: the respective
Width to elevations of the left and right {(Eld - Esc) Keller and
Valley valley divides + Pinter, 2002
Height Ratio Esc: the elevation of the valle Viw
’ floor Y (cross section) (Erd — Esc)}
) Bl: distance from river mouth to Bw
Drainage headwater Bl Ramirez-
basin shape ) ) ) Bs = —— 1
index Bw: maximum width of a drainage Bl Bw Herrera, 1998
basin.
) Lmf: the length of mountain front
Mountain along the mountain—piedmont
front junction. El Hamdouni
sinuosity ) ) et. al., 2008
index Ls: the straight-line length of the
front. o
C: length of the river
Sinuosity . . C Keller and
index V: length of the valley in a straight S= v Pinter, 2002
line.
Percentage Lmfd: the length of dissected dissected mf
dissected mountain front '-'Ffd y Fd = Lmfd Wells et al.,
mountain (Ls) the length of the mountain - ~ Ls 1988
fronts front L
Relative S: Sum of the classes of calculated )
Tectonic geomorphic indices i lat = S El Hamdouni
Activity o N et. al., 2008
Index N: Number of calculated indicators.
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Table 2. morphotectonic indies classification based on tectonics activity.

No INDEC Class3
Low
tectonic
activity

1 Mountain front sinuosity Smf > 1/5

2 Ratio of valley floor width to Vf>1
valley heigh

3 Sinuosity index SI>1.5

4 Drainage basin shape 1.5>Bs

5 Percentage dissected mountain  Fd>0.66%
fronts

6 Stream length-gradient index 300>SL

Class2 Classl
Moderate High
tectonic Tectonic
activity activity
1.1<Smf< 1.5 1.1>Smf
1>Vf£>0.5 0.5>Vf
1.5>SI>1.1 1.1>SI
2.3>Bs>1.5 Bs>2.3
0.66%>Fd>0.33% 0.33%>Fd
500>SL>300 SL>500
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Table 3. Measured morphotectonic indices in the study area

No Smf S
1 1.64 1.25
2 1.57 1.35
3 1.53 1.12
4 1.38 1.20
5 1.23 1.17
6 1.24 1.29
7 1.27 1.04
8 1.40 1.12
9 1.25 1.1

10 1.34 1.31
11 1.04 1.21
12 1.22 1.14
13 1.52 1.28
14 1.64 1.27
15 1.73 1.32

Sl A% Bs Fd
1207.96 0.30 4.97 0.69
693.37 0.66 3.44 0.71
692.59 0.44 3.03 0.63
640.47 --- 3.24 0.63
1055.89 0.31 1.80 0.61
1128.85 - 2.65 0.63
4854.09 0.12 2.55 0.56
1436.10 0.28 1.43 0.58
855.10 0.34 2.05 0.62
934.64 0.36 1.60 0.63
403.42 0.43 2.73 0.52
664.45 0.37 2.1 0.58
366.37 0.47 2.26 0.79
643.59 1.50 1.03 0.75
174.79 --- 1.20 0.76
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Table 4. Classified value of measured morphotectonic indices and Iat- value in the study area.

No Smf S S1 A%
1 3 2 1 1
2 3 2 1 2
3 3 2 1 1
4 2 2 1 -
5 2 2 1 1
6 2 2 1 -
7 2 2 1 1
8 2 2 1 1
9 2 1 1 1
10 2 2 1 1
11 1 2 2 1
12 2 2 1 1
13 3 2 2 1
14 3 2 1 3
15 3 2 3 -
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