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1-Introduction

The study area is located in the north of Khoy within the Agh Chay area, in western Azerbaijan Province. This
area includes the villages of Agh Chay, Ghareh Ghush Oliya, Ghareh Ghush Sofla, Zaviyeh, Ghezeljeh,
Gharnjeh, Ali Sheikh, Clesa Kandi, Ghezel Dash and Shaghfti. The study area based on Aghanabati (2004)
sedimentary-structural units of Iran is part of the Khoy ophiolitic belt and the Central Iran belt. Some
morphometric techniques have been developed as basic identification tools to recognize areas experiencing
geomorphic and tectonic activity (Keller and Pinter, 1996). This information is used for planning research to
obtain detailed information about tectonic activity. Other indices were developed to quantify description of
landscape. Morphometric indices are especially useful in tectonic studies because they can be used for rapid
evaluation of large areas and the necessary data often can be obtained easily from topographic maps and satellite
imagery (Keller and Pinter, 1996). In this paper, active tectonics analysis based on morphometric indices is
discussed.

2-Methodology

In this study GIS analysis techniques are used in order to determine geological and morphometric properties of
Agh Chay watershed area. SRTM and drainage networks of the area are used for determine the morphometric
properties of Agh Chay watershed located on Zarabad Fault Zone (ZFZ) and Agh Chay Fault Zone (ACFZ). In
order to determine tectonic activity of Agh Chay watershed area six different morphometric indices. These
indices based on topography that are useful in studies of tectonic activity. The morphometric indices used for
active tectonic analysis which includes:

Sinuosity of the mountain front (SMF), ratio of valley floor width to valley height (VF), drainage asymmetry
factor (AF), stream length-gradient index (SL), transverse topographic symmetry factor (T), fan comicality
index (FCI). Survey of these indicators by topographic and geologic maps and Google Earth images of the
under studied area using software of Google Earth, Arc GIS and Global Mapper are derived and calculated. The
area is within zone 38 of universal transverse mercator projection system. The total area of Agh Chay watershed
covers 1859 km?.

3- Results and discussion

The study of tectonic activity, and in particular those areas with relatively high activity in the Holocene and late
Pleistocene is important to evaluate the earthquake hazard. Morphotectonically active strike slip ZFZ and ACFZ
passing along Agh Chay watershed area. Agh Chay watershed area usually drained by Agh Chay, Zarabad
Chay, Dibak Chay and Zavieh Chay rivers. The main flow direction of those rivers are controlled by the ZFZ
and ACFZ; the faults control the mountain fronts in the drainage basin of the Agh Chay. In this study tectonic
activity of drainage basins in the Agh Chay, were assessed through morphotectonic analysis. Results of analysis
were expressed as an index of relative Tectonic activity (lat; Table.1, EI-Hamdouni et al., 2008).
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Table 1. Tectonic activity classifications based on lat values (EI-Hamdouni et al., 2008).

Tectonic activity Iat
Very high 1I<Ilat< 1.5
High 15<Iat< 2
Moderate 2<Ilat< 2.5
Low Iat > 2.5

This index showed tectonic activity of the area in four classes of low, medium, high and very high magnitude
(Table. 2). The results of study showed that Agh Chay, Zarabad Chay, Dibak Chay and Zavieh Chay have very
high activity. In other basin, the points of tectonic activity are high. The north basins are affected by Zarabad
fault (Fig. 1). Altogether, according to the calculated morphometric indices, it can be concluded that the region
has medium to high tectonic activity, but there are changes in tectonic activity in the region, which can be
attributed to increase tectonic activity from northwest to south east of the region.
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Fig. 1. Faults map of the Agh Chay area.

Table 2. Classification of the lat (relative tectonic activity index) in the subbasins of the Agh Chay basin
(SL: stream length-gradient index; Af: drainage basin asymmetry index; VT ratio of valley floor width to
valley height; Bs: Drainage basin shape index; Smf: mountain-front sinuosity index and FCI: Fan
conicality index).

No Basin SL Af \i BS | Smf | T FCI lat Class
(S/n)
1 Agh Chay 1 1 2 1 3 1 1 1.43 1
2 Ghareh Chay 1 1 2 3 1 2 1 1.57 2
3 Zarabad Chay 2 1 2 1 1 1 1 1.29 1
4 Dibik Chay 1 1 2 1 3 1 1 1.43 1
5 Zaveh Chay 2 1 2 1 1 1 1 1.29 1
015
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4-Conclusions

1-The results show that Agh Chay watersheds have a high relative tectonic activity in all watersheds, because of
the proximity to the major faults, tectonic activity exists. Finally it can be stated that, due to the presence of
faults and tectonic activity in Agh Chay and its watersheds, occurrence of earthquakes in the study area is not
unexpected and this issue requires serious consideration and management.

2-This research's results show that region in aspect of tectonically or young tectonically is active because of
coefficients obtained from geomorphology's indices and geodynamic station's data but the amounts of activities
aren't the same among regions. In the other side, 4 old waterways were revealed by relying to morphological
witnesses through studding the aerial photos, geologic map and the important faults of region in cross of Agh
Chay river and topographic quantitative analysis and the type of Agh Chay river.

3-The results of this study that estimated by index of relative active tectonic (lat), indicated that the value of
tectonic activity in the Agh Chay drainage basin is high.
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Fig.3. Simplified geological map of the Agh Chay area, modified after the geological map of survey of Iran in
1:100,000 scale, and modified after Amini and Radfar (1999).
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Fig.5. (a) Rose diagrams of fault strikes and pole density plot for the entire study area, (b) Fault planes mechanism

of major faults in the study area and (c) The compressive and tensile stresses are shown for each stress tensor (Zamani
and Masson, 2014).
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Fig.6. Thrusted units of Upper Certaceous volcano-sedimentary rocks associated with the Zarabad thrust, photo
view N350°,
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Tablel. Faults coordinates of the Agh Chay area.

No Fault name Faulting mechanism Strike Direction dip
1 Zarabad Thrust N30°W 60°NE
2 Shorik Thrust N30"W 58°NE
3 Ghordik Bala Thrust N40"W 50°NE
4 Ghordik Paien Thrust N30°W 40°NE
5 Galavanes Thrust N75°W 55°NE
6 Aghbolagh Thrust N40"W 35°NE
7 Khankhah Thrust N40°W 30°NE
8 Meydan Bala - -

Sinistral strike slip
9 Gholdor Sinistral strike slip - -
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Table 2. Morphometric indices classifications used in this study (EI-Hamdouni et al., 2008).

Class Bs Af SL Smf
1 Bs= 4 Af-50> 15 SL= 500 1.1> Smf
2 3 <Bs< 4 Af-50=7 - 15 300 =8L< 500 Smf=11-1.5
3 Bs =<3 Af-50< 7 SL< 300 Smf > 1.5

.(El Hamdouni et al., 2008) s5, s 4 35, Lol 5 - Jsb gaasls =Y Jgox
Table 3. Stream Length-gradient index (SL) (EI-Hamdouni et al., 2008).

Stream length-
gradient index

2 300<SL<500

3 SL<300

Morohometric Mathematical Measurement
parameter derivation procedure
Class SL = (%l) x L
1 SL.>500

adllas 540 dihaie slaass> sl SL sloaasls aclxe polic -F Jgax
Table 4. SL index values of the different basins of the study area.

No Basin L AL AH SL Class
(m) (m) (m) (m)

1 Agh Chay 17500 10000 4000 70000 1

2 Ghareh Chay 4500 3750 3500 4200 1

3 | Zarabad Chay 7500 5500 3500 4772 1

4 Dibik Chay 10250 4500 1000 2277 1

5 Zaveh Chay 12750 7000 3000 5464 1
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Fig. 9. Transverse topographic symmetry factor (Bull, 2007).
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Fig.10. Transverse topographic symmetry factor for the study area.
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Table 5. T index values of the different basins of the study area.
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Fig.11. Section of schematic Vf index (Keller and Pinter, 2002).

Table.6. Ratio of valley floor widith to valley height Index (Vf) (ElI-Hamdouni et al., 2008).

No Basin Da(Km) | Dd T | Class
(Km)

1 Agh Chay 2.26 6.96 | 0.32 1

2 | Ghareh Chay 1.74 2.96 | 0.59 2

3 | Zarabad Chay 1.22 4 1031 1

4 Dibik Chay 1.22 296 | 0.41 1

5 Zaveh Chay 1.04 2.78 | 0.37 1

.(El Hamdouni et al., 2008) (Vf) asls o)lje -F Joox

Morohometric
parameter

Mathematical
derivation

Mathematical
derivation

Ratio of valley floor|
width to valley height

V'T ((EM-E,)Y‘('EM-EK%]

Slrgl dabie jo SbiwasS Sliw slp (V) Lasls oas aculxe polie -V Jgoo

Table 7. Vf index (ratio of valley floor width to valley height) values calculated in the Agh Chay area.

No Mountain Eg Erg Es« | Viw Vs | Class
front (m) (m) (m) | (m)
1 Susuz 1962 1684 1600 | 212 | 0.94 2
2 Hodar 2182 2208 1900 | 245 | 0.83 2
3 Aghbash 2147 2182 2022 | 185 | 0.65 2
4 Ajay 1634 1567 1467 | 175 | 0.66 2
5 Ghermesk 2004 1983 1904 | 177 | 0.98 2
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Table 8. AF index (drainage basin asymmetry ratio) values calculated in the Agh Chay area.

No | Basin At Ar %AF | Class
(m2) (m2)

1 Agh 1010192 | 437703 | 43 1
Chay

2 | Ghareh | 646833 | 586721 | 90 1
Chay

3 | Zarabad | 82554 | 64053 | 76 1
Chay

4 Dibik 60902 | 45151 | 74 1
Chay

5 Zaveh 81367 | 62718 | 77 1
Chay

.(El Hamdouni et al., 2008) Af ozl )y (olol p bl (c5-loime) locdled sanpmmds - Jgax
Table.9. Tectonic activity classifications Based on AF index values (EI-Hamdouni et al., 2008).

Tectonic activity Af
High Af-50> 15
Moderate Af-50=7-15
Non active Af-50< 7
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Fig.12. Section Schematic for mountain front sinousity index (Bull, 2007).
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Tectonic activity Smf
Very high 1.1> Smf
Moderate Smf=11-15
Non active Smf > 1.5
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Table.11. Values of the Smf in the defined mountain fronts.

No | Mountain | Lms Ls Smf_ | Class
front | (Km) (Km) (Km)
1 Susuz 2.57 1.42 1.81 3
2 Gholder | 0.54 0.63 | 0.86 1
3 Hodar 0.57 0.60 | 0.95 1
4 Sharaf 2.66 1.73 | 1.54 3
5 | Aghbash | 0.67 0.69 | 0.97 1

adllas 090 dilate ;0 (SMF) liasS g wgiow (asls VY S
Fig.13. Mountain front sinousity (Smf) index for the study area.
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Fan Conicality
Index

FCI=AIF/ATF
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Fig.14. Fan conicality (FCI) index (Mukerji, 1976).
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Alluvial fan apex angle : DFA
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Fig 15. Fan conicality (FCI) index for Shorik alluvial fan.
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Table 12. FCI index values calculated in the study area.

No | Alluvial fan r DFA | AIF ATF | FCI | Class
(Km?) (Km?) | (Km?)
1 Agh chay 1.105 | 25 0.27 0.55 | 0.48 1
2 | Mamashkhan | 2.525 | 66 3.67 4 0.92 1
3 Shorik 1.980 | 45 1.54 2.70 | 0.57 1
4 | Ghalavanes | 2.004 | 62 2.17 2.60 | 0.83 1
5 Zaveh 1.472 | 28 0.53 0.71 | 0.75 1
) BL » Bg&=BL/Bw

’I' e

} i }' /[ : ‘
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(Bull, 2007) 250; sass> JSo asls -8 IS
Fig.16. Drainage basin shape (Bs) index (Bull, 2007).
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Fig.17. Drainage basin shape (Bs) index for the study area.
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Table 13. Drainage Basin Shape (Bs) index values calculated in the Agh Chay area.

No Basin BL(Km) BW(Km) BS Class
1 Agh Chay 31 7.54 4.11 1
2 | Ghareh Chay 18.85 7.55 2.50 3
3 | Zarabad Chay 15.1 2.45 6.2 1
4 Dibik Chay 12.1 5.7 4.25 1
5 Zaveh Chay 15.83 2.64 6 1
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Table 14. Tectonic activity classifications based on lat values (EI-Hamdouni et al., 2008).

Tectonic activi

ty

Jat

Very high

1< lat < 1.5

High

15<at< 2

Moderate

2< Jlat < 2.5

Low

[at > 2.5
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Table 15. Classification of the lat (relative tectonic activity index) in the subbasins of the Agh Chay basin (SL:
stream length-gradient index; Af: drainage basin asymmetry index; Vf: ratio of valley floor width to valley height;

Bs: Drainage basin shape index; Smf: mountain-front

sinuosity index and FCI: Fan conicality index).

No Basin SL | Af

Vf | BS |Smf| T | FCI Class

lat
(S/n)

1 Agh Chay 1 1

2 1 3 | 1] 1 |143 1

2 | GharehChay | 1 1

2 3 1 2] 1 | 157 2

3 | Zarabad Chay | 2 1

2 1 1 1 1 |129 1

4 | DibikChay | 1 | 1

2 1 3 | 1] 1 ]143 1

5 | Zaveh Chay 2 1

2 1 1 1 1 |129 1
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Fig.18. Corresponding to basin density with fault density in the study area.
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