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Abstract

Kangavar area is located in the Sanandaj-Sirjan belt in the west Iran. Geomorphic indices of active
tectonics are useful tools to analyze the influence of active tectonics. These indices have the ad-
vantage of being calculated from Arc GIS and remote sensing packages over large area as a recon-
naissance tool to identify geomorphic anomalies possibly related to active tectonics. This is par-
ticularly valuable that relatively little work on active tectonics based on this method is done, so
this method is new and useful. Six geomorphic indices are calculated in the study area. Then,
based on index of active tectonics values that calculated by average of six geomorphic indices, two
relative tectonic activities levels are revealed. The low class of Iat is mainly in the sub-basins of 3,
4,15, 16, 17, 19 & 22 while the rest of the study area has moderate active tectonics in the other
sub-basins. Our results show that the moderate value is located on faulted area, which shows 3
class of relative tectonic activity.
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1. Introduction

The study area is around of Kangavar city in the Sanandaj-Sirjan belt in the west Iran (Figure 1). Sanandaj-Sir-
jan overthrust belts have formed by metamorphic rocks of the northeastern part of Arabian plate. This province
has continued to the north part of Dead Sea fault in the south Turkey. Late Cretaceous-Paleogene sequences in
this belt have piled up on a wedge top part of Zagros proforeland basin, before regional metamorphism. Recently,
pre-Cretaceous deformed and metamorphic rocks have exposed in this province by upthrusting of basement
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Physiographic-tectonic zoning map of Iran’s sedimentary basins
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1: Zagros-East Taurus hinterland 13: Urmieh- Dokhtar Magmatic Arc

2: Persian Gulf-Mesopotamian foreland basin 14: Naien-Kerman retro arc foreland basin

3: Makran accretionary prism 15: Sanandaj-Sirjanoverthrust belts

4: Bashagard Mountains 16: East Alborz or Binalod hinterland

5: Jazmorian- Mashkel fore arc basin 17: Torbat-e am-Neyshabour retro arc foreland basin

6: Shahsavaran-Soltan magmatic arc 18: KopetDagh hinterland

7: South Lut-South Helmand back arc basin 19: South Caspian remnant basin

8: East Iran Mountain belt 20: Maiamay -Taibad Inverted back arc basin

9: West- Central Alborz and lesser Caucasus hinterland 21: Khaf- Kavir Plain Magmatic Arc

10: Great Kavir-NorthenUrmieh lake foreland basin 22: Lut Plain-Gonabad back arc basin

11: South Great Kavirfold and thrust belt 23: Tabas hinterland

12: South Caspian-Black sea foreland basin 24:Yazd-Khour Piggy back basin

Fault

Figure 1. Physiographic-tectonic zoning map of Iran’s sedimentary basins Iran modified from [1]. The study area is shown
in the black rectangle.

wedges.

Kabodarahang depression on the north margin of this area with Urmieh-Dokhtar is an index cases from Su-
pra-Arc troughs. This basin is significant in marking loss of the fore-arc basin beneath back—thrusts antithetic
to the subduction direction and can explain the presence of younger molasses in a setting referred to as a suture
zone [1]-[3].

In this research, area is divided into 24 sub-basins and the following indices are calculated: stream-gradient
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index (SI), valley floor width-valley height ratio (Vf), and mountain-front sinuosity (Smf), drainage basin
asymmetry (Af), hypsometric integral (Hi) and drainage basin shape (Bs). We use geomorphic indices of active
tectonics, known to be useful for assessment of relative tectonic activities. Methodology for active tectonic stu-
dies [4]-[7] has been previously tested as a valuable tool in different tectonically active areas, namely SW USA
[8] the Pacific coast of Costa Rica [9], central Zagros, Iran [10].

2. Materials and Methods

The calculated geomorphic indices are suitable for assessment of tectonic activity of the study area. The geo-
morphic indices such as: stream-gradient index (SI), valley floor width-valley height ratio (Vf), mountain-front
sinuosity (Smf), drainage basin asymmetry (Af), hypsometric integral (Hi) and drainage basin shape (Bs) are
calculated in Kangavararea by using of topographic data and DEM (Figure 2 and Figure 3). On the other hand,
the area was divided into 24 sub-basins, and for each one, above indices were calculated, then all of the indices
were combined to obtain index of active tectonics (lat) by new method [11]. Therefore, sub-basins can be compared
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Figure 2. Digital Elevation model of the Kangavar area.
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Figure 3. Shaded Relief of the Kangavar area for identification of drainage pattern based on digital
elevation model.

together. The study area is located between longitudes 47°30'E - 48°30'E and latitudes 34°N - 35°N in the Ker-
manshah province, west Iran. Based on previous work on the salt and mud diapirism [12]-[22] and neotectonics
regime in lIran [23]-[28], Zagros in south Iran is the most active zone [29]-[41]. Then, Alborz [42]-[75] and
Central Iran [76]-[88] have been situated in the next orders.

3. Results and Discussion

To study the indices, there is a formula which we turn to describe each one of indices; It is necessary to have
some primary maps to calculate the indices, and the most important of which are: Digital Elevation Model
(DEM), the drainage network and the sub-basins map of the Kangavar area that have been extracted from DEM
(Figure 4). DEM extracted from a digitized topographic map (with 10 m intervals).

3.1. The Stream-Gradient Index (SL)

The rivers flowing over rocks and soils of various strengths tend to reach equilibrium with specific longitudinal
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Figure 4. Determination of sub-basins in the Kangavar area based on Digital Elevation model (DEM).

profiles and hydraulic geometrics [89]-[91] defined the stream-gradient index (SL) to discuss influences of en-
vironmental variables on longitudinal stream profiles, and to test whether streams has reached equilibrium. The
calculation formula is in this manner:

SL =(AH/AL)L

where (AH/AL) is local slope of the channel segment that is located between two contours and L is the channel
length from the division to the midpoint of the channel reaches for which the index is calculated. This index is
calculated along the master streams of 13 measurable sub-basins (Table 1, Figure 5). The SL index can be used
to evaluate relative tectonic activity. An area on soft rocks with high SL values can be indicated for active tec-
tonics. Based on our results, there are two classes (Figure 6).

Valley floor width-valley height ratio (Vf):

Another index sensitive to tectonic uplift is the valley floor width to valley height ratio (Vf). This index can
separate v-shaped valleys with small amounts from u-shaped valleys with greater amounts. The calculation for-

mula is in this manner:
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Table 1. Values of stream length-gradient index.

Sub-basin SL Ah (m) Al (m) L (m) SL = (Ah/Al)L Class

1 50 3492 2899 41.509
2 50 3656 6473 88.525
3 50 4490 10,547 117.449

3 4 50 10,257 17,921 87.359 3
5 50 12,259 29,180 119.014
6 50 10,443 40,532 194.063
1 50 2006 2465 61.440
2 50 1213 4775 91.370
3 50 2919 7542 129.188

4 4 50 3197 10,600 165.780 3
5 50 4517 14,458 160.039
6 50 5022 19,228 191.437
7 50 6764 25,122 185.703
1 50 328 742 113.109
2 50 415 1115 134.337

5 3 50 872 1759 100.860 3
4 50 1621 3006 92.720
5 50 4192 5912 70.515
1 50 9674 9050 46.774

9 2 50 5552 16,663 150.063 3
3 50 11972 25,426 106.189
1 50 1762 1604 45516
2 50 1875 3432 91.28
3 50 1960 5341 136.25

12 3
4 50 2537 7590 149.586
5 50 2657 10,187 191.701
6 50 8630 15,831 91.720
1 50 6058 8583 70.840
2 50 7550 15,377 101.834

13 3
3 50 8831 23,568 133.439
4 50 11439 33,704 147.320
1 50 3541 5901 83.323
2 50 4638 9991 107.708

t 3 50 5465 15,043 137.630 3
4 50 9402 22,526 118.532
1 50 6425 4934 38.396

15 2 50 2975 9635 161.932 3
3 50 6005 14,126 118.618




N. Gholamhossein Fard et al.

Continued

4 50 1792 1802 502.929
5 50 1469 19,656 669.026

15 6 50 2013 21,398 531.495
6 50 1079 22944 1063.206
8 50 5619 2694 233.974
1 50 3524 3424 48.581
2 50 4819 7596 78.813

17 3
3 50 3914 11,963 152.823
4 50 9346 18,268 210.170
1 50 3432 3577 52.112
2 50 8285 9436 56.946
3 50 6682 16,920 126.608

1 4 50 720 20,622 1432.083 3
5 50 3241 22,603 348.704
6 50 6259 27,353 218.509
1 50 18,219 17,585 48.260
2 50 4631 29,011 313.226

20 3
3 50 8205 35,430 215.904
4 50 6615 42,836 323.779
1 50 8450 8720 51.597
2 50 24,898 13,618 27.347

22 3 50 777 14,395 926.319 2
4 50 666 15,061 1130.705
5 50 2906 17,962 309.582
1 50 3679 2521 34.262

23 2 50 4922 6822 69.301 3
3 50 7351 12,959 88.144

Vf = 2vfw/(Eld + Erd — 2Esc)

where Vfw is the width of the valley floor, and Eld, Erd and Esc are the altitudes of the left and right divisions
(looking downstream) and the stream channel, respectively [90]. [4] found significant differences in Vf between
tectonically active and inactive mountain fronts. Also, they found significant differences in Vf between tectoni-
cally active and inactive mountain fronts, because a valley floor is narrowed due to rapid stream down cutting.

Vfw value is obtained by measuring the length of a line which cuts the river and limits to two sides of a con-
tour through which the river crosses (Table 2). Based on [11], Vf values are divided into 3 classes: 1 (Vf < 0.3),
2 (0.3 < Vf <1),and 3 (Vf >1). Therefore, all of the valleys are in 1 class and show V-shape valleys (Figure 7).

Mountain-front sinuosity index (Smf):

This index represents a balance between stream erosion processes tending to cut some parts of a mountain
front and active vertical tectonics that tend to produce straight mountain fronts. Index of mountain front sinuos-
ity [3] is defined by:

Smf =Lj/Ls

where Lj is the planimetric length of the mountain along the mountain-piedmont junction, and Ls is the straight-
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Table 2. Values of Vf index.

Sub-basin Plot Evp (M) Erp (M) Esc (M) Vi (M) Vi

P1 40 375 2 125 0.340
P2 105 85 5 35 0.038

! P3 162.5 62.5 25 55 0.5
P4 14 5.12 1 25 0.204
P1 40 120 25 20 0.258
P2 16.5 36.25 1.25 15 0.597
P3 22 27 0.75 25 0.105

3 P4 30 16.5 0.75 125 0.555
P5 21.25 19 1 25 0.130
P6 30 15 1 7.5 0.348
P7 20 42.5 1 3 0.099
P1 62.5 80 1 15 0.213
P2 82 40 1.25 75 0.125

4 P3 51.5 52 1 10 0.197
P4 85 45 2 10 0.158
P5 40 85 2 25 0.041
P1 150 250 6 10 0.051

> P2 40 105 25 25 0.035
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Figure 5. Stream length-gradient values along the master streams.
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Figure 6. Classification of sub-basins based on stream length-gradient index.
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line length of the front. The Mountain fronts sinuosity classification map of the study area has been drawn in
Figure 8. Smf is commonly less than 3, and approaches 1 where steep mountains rise rapidly along a fault or
fold [90]. Therefore, this index can play an important role in tectonic activity. Considering that mountain fronts
sites are independent from basins places, chances are some of them have various fronts (Table 3). Values of Smf
are readily calculated from topographic maps for sub-basins.

47°30'0"E 48°0'0"E 48°30'0"E
z z
£ o
i 11%
13
A
pp
14

]
z z
B o
g 5 8
3 3

6
{ 17 .
L1
18
zl| ™ z
<) o
e Legend o
< <
@ Class_Smf «
1 0 5 10 20 30 40
o™ ™ | Kilometers|
2

HE

|: None

47°30'0"E 48°0'0"E 48°30'0"E

Figure 8. Classification map for Mountain-front sinuosity index.
Table 3. Values of Smf index.

Sub-basin Lme (km) Ls (km) Smf = Lme/Ls Class
10 13.59 13 1.04 1
12 17.85 11 1.62 3
15 18.01 14 1.28 2
16 12.8 9 142 2
20 6.53 4 1.63 3
23 9.79 6 1.63 3
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Based on [11], Smf values are divided into 3 classes: 1 (Smf < 1.1), 2 (1.1 < Smf < 1.5), and 3 (Smf > 1.5) and
in the study area most of the obtained values are in 3 classes.

Asymmetry factor (Af):

This index is related to two tectonics and none tectonic factors. None tectonic factors may relate to lithology
and rock fabrics. It is a way to evaluate the existence of tectonic tilting at the scale of a drainage basin. The in-
dex is defined as follows:

Af = (Ar/At)/100

where Ar is the right side area of the master stream basin (looking downstream) and At is the total area of the
basin that can be measured by GIS software. To calculate this index in the area At and Ar are obtained using the
sub-basins and the master river maps. Af is close to 50 if there is no or little tilting perpendicular to the direction
of the master stream. Af is significantly greater or smaller than 50 under the effects of active tectonics or strong
lithologic control. The values of this index are divided into three categories. 1: (Af < 35 or Af > 63) 2: (57 <
Af <65) or (35 <Af <43) and 3: (43 < Af <57), based on [11].

Among the obtained values (Table 4), a map has prepared that it shows Asymmetry factor of study area
(Figure 9).

Basin shape index (Bs):

Relatively young drainage basins in active tectonic areas tend to be more elongated than their normal shape to
the topographic slope of a mountain. The elongated shape tends to evolve into a more circular shape [4]. The
horizontal projection of the basin shape may be described by the basin shape index or the elongation ratio, Bs [7].
The calculation formula is:
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Figure 9. Classification map for Asymmetry factor index.
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Table 4. Values of Af index.

Sub-basin A A AF = (AJA)100 | AF-50 | Class
1 236 298 79.19 29.1 1
2 77 186 41.39 8.7 2
3 444 804 55.2 5.2 3
4 288 548 525 25 3
5 161 204 78.9 289 1
6 97 363 26.7 233 1
7 62 203 305 195 1
8 99 329 30 20 1
9 266 384 69.2 19.2 1
10 326 498 65.4 15.4 1
11 2 17 11.76 38.3 1
12 71 275 25.8 24.2 1
13 432 673 64.1 14.1 2
14 298 437 68.1 18.1 1
15 217 486 44.6 5.4 3
16 122 272 44.8 5.2 3
17 127 247 51.4 14 3
18 148 346 42.7 7.3 2
19 158 237 66.6 16.6 1
20 502 770 65.5 155 1
21 161 201 80 30 1
22 303 696 435 6.5 3
23 138 455 30.3 19.7 1
24 68 220 30.9 19.1 1

Bs = Bl/Bw

where Bl is the length of the basin measured from the headwater to the mount, and Bw is basin width in the wid-
est point of the basin.

To calculate this index in the area, Bl and Bw are obtained using the sub-basins (Table 5) and the master river
maps then the values are divided into 3 classes. 1: (Bs > 4) 2: (3 < Bs < 4) 3: (Bs < 3), based on [11]. According
to Figure 10 the maximum value belongs to sub-basin No. 4 (Class 3).

Hypsometric integral index (Hi):

The hypsometric integral (Hi) describes the relative distribution of elevation in a given area of a landscape
particularly a drainage basin. The index is defined as the relative area below the hypsometric curve and it is an
important indicator for topographic maturity. Hpmax, Hmin and Hg, are calculated on DEM. This index is calcu-
lated to all sub-basins in the area. The hypsometric integral reveals the maturity stages of topography that can,
indirectly, be an indicator of active tectonics.

In general, high values of the hypsometric integral are convex, and these values are generally >0.5. Interme-
diate values tend to be more concave-convex or straight, and generally have values between 0.4 and 0.5. Finally,
lower values (<0.4) tend to have concave shapes [11]. We can consider class 1 for Hi > 0.5, class 2 for Hi be-
tween 0.4 and 0.5 and class 3 for Hi < 0.4 and so, sub-basin No.18 shows younger topography (Table 6, Figure
11).

4. Results and Discussion

The average of the six measured geomorphic indices (Vf, Smf, SL, Af, Bs and Hi) was used to evaluate the dis-
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Table 5. Values of Bs index.

Sub-basin Bl (km) Bw (km) Bs = Bl/Bw Class
1 26.39 23 1.147 3
2 15.21 13.39 1.135 3
3 54.2 23.12 2.344 3
4 43.53 14.94 2.913 3
5 12.6 18.97 0.664 3
6 134 12.7 2472 3
7 14.71 20.97 0.701 3
8 13.78 28.94 0.476 3
9 28.4 23.53 1.206 3
10 33.89 26.28 1.289 3
11 7.17 4.15 1.727 3
12 26.34 17.95 1.467 3
13 41.9 23.26 1.801 3
14 25.19 19.69 1.279 3
15 34.37 20.19 1.702 3
16 21.53 15.16 1.420 3
17 22.63 17.44 1.297 3
18 32.94 19.64 1.677 3
19 18.38 18.03 1.019 3
20 40.18 25.78 1.558 3
21 19.35 18.27 1.059 3
22 29.3 29.37 0.997 3
23 25.98 28.8 1.249 3
24 23.31 14.14 1.648 3

tribution of relative tectonic activity. Through averaging these six indices (Table 7), we obtain one index that is
known index of active tectonics (lat). The values of the index were divided into four classes to define the degree
of active tectonics: 1-very high (1 < lat < 1.5), 2-high (1.5 < lat < 2), 3-moderate (2 < lat < 2.5), 4-low (2.5 < lat)
[11].

Thus, there are low relative tectonic activities in sub-basin No. 3, 4, 15, 16, 17, 19 & 22 and moderate relative
tectonic activities in the other sub-basins (Figure 12).

Also, based on [25], this area is a moderate seismic risk zone with following seismicity parameter: b = 0.82,
Mmax = 7.1. Focal mechanisms of several earthquakes are reversed and thrusted such as Changureh (Ms = 6.4,
2002)

This area is struck by low to moderate earthquakes with low frequency, medium repeat time and down to 10
Km focal depth. Intensity of earthquakes is in high levels in which there are cold igneous rocks. Sometimes,
focal depths exceed to 70 Km that it is indicator for initial stages of thick-skinned tectonics. The most serious
seismic hazards in Kangavar area, are settlement in Qorveh plainand surface faulting.

5. Conclusions

The calculated geomorphic indices are suitable for assessment of tectonic activity of the study area. The six
geomorphic indices; stream-gradient index (Sl), valley floor width-valley height ratio (Vf) and mountain-front
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Figure 12. Relative tectonic activity classification and fault map of study area.

Table 6. Values of Hi index.

Sub-basin
1

© 00 N O g B~ W N

N NN RNDNRERPR B B B B B b
52 W NP O © ®© N O Ul b W N B O

Hmin
1379
1392
1418
1442
1296
1293
1394
1443
1458
1494
1477
1476
1664
1547
1348
1272
1332
1221
1581
1583
1481
1460
1706
1701

Hiax
3158
2151
3556
3411
3149
2789
2814
3188
2761
3341
1600
3039
2779
3268
3274
2625
2665
2561
2790
3276
2645
2922
3412
3359

Hint
1730.8197
1547.8007
1887.0887
1850.031
1764.7982
1735.1474
1779.3318
1768.6488
1839.7429
1881.4164
1513.3668
1905.9647
1973.719
1861.1638
2006.0102
1459.4366
1726.5534
1766.8686
1929.0094
1964.2586
1770.3305
1851.0507
2074.9742
2100.2675

H;
0.1997
0.2052
0.2194
0.2072
0.2529
0.2955
0.2713
0.1860
0.2929
0.2128
0.2956
0.2750
0.277
0.1825
0.3416
0.1385
0.2959
0.4073
0.2827
0.2251
0.2485
0.2674
0.2162
0.2408

Class

w
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Table 7. Relative tectonic activity classification.

swoun  hsdl Swedt ool daedt ool ST s e
1 - 1 3 3 - 1 2 3
2 - 2 3 3 - - 2 3
3 3 3 3 3 - 1 2.6 4
4 3 3 3 3 - 1 2.6 4
5 3 1 3 3 - 1 22 3
6 - 1 3 3 - 1 2 3
7 - 1 3 3 - 1 2 3
8 - 1 3 3 - - 2.3 3
9 3 1 3 3 - 1 2.2 3
10 3 1 3 3 1 1 2 3
11 - 1 3 3 - 1 2 3
12 3 1 3 3 2 1 21 3
13 3 2 3 3 - 1 24 3
14 3 1 3 3 - 1 2.2 3
15 3 3 3 3 2 1 25 4
16 - 3 3 3 2 - 2.7 4
17 3 3 3 3 - 1 2.6 4
18 3 2 3 2 - 1 2.2 3
19 - 1 3 3 - 1 25 4
20 3 1 3 3 2 1 2.1 3
21 - 1 3 3 - - 2.3 3
22 3 3 3 3 - - 3 4
23 3 1 3 3 2 - 24 3
24 - 1 1 3 - - 2.3 3

sinuosity (Smf), drainage basin asymmetry (Af), hypsometric integral (Hi) and drainage basin shape (Bs) have
calculated in Kangavararea.

Therefore, firstly the area was divided into 24 sub-basins and for each one, indices were calculated, then all of
the indices were divided into relative tectonic activity classes. Afterwards, the six measured indices for each
sub-basin were compounded and a unit index obtained as index of active tectonics (lat). According to this index,
there were low and moderate relative tectonic activities levels.

Low relative tectonic activities level has been found in sub-basin No. 3, 4, 15, 16, 17, 19 & 22 and moderate
relative tectonic activities level, has been found in the other sub-basins. It means that sub-basin No. 3, 4, 15, 16,
17,19 & 22 have got the more active uplifting by Arabian-Eurasian convergent movements.
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