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Fig. 1. The map of the Shahrchai River Basin in Urmia and its location within the river basins of Iran

NI 55 e (5515890555 Dl 5 (A5R 545
Sl Shy wip ssbie & (G (pl o aliee
sloatls a5 )50 ailaie (Su35l58) 50,000
Gl oS 0 el (gl
(Rb) Clesil Cond «(R) Sbleisl (ga) 1 poalulos
o9 oy ipas do e (Rbd) Cleis] i Cond
anlyl Job Sile g BS) asg> JSi s «(PAF)
(O Jguz) el oo eolazwl (LN1) ) a0

(R ol )0 1 Sd 909 G aSLE dwlre o9
S 5 ool b o pladge (Su3slsd;sagss Sl
sbaiy (DEM) el 98, Jow laosls
9 Jelo 990 S 9es8) laasll g (owlidne)
hisl Dl ats Gl gile Joe gl ol 428 5718 (o 2
S asls glaglxial Lo ke glagasls
PSP PO VSR U JE R BR[O
23,5 alosl (GIS) oLl i clell ailols asi iy

Jelos gy cnl o dmosls o5l g Julad g
S Julow slag; 5l (o5 5 5 6 xS0 b laosls
el 139 s el 3310y ol e -l oo plons]
ool (oiSepasit gl sl oaSe st Julos
L baslpl oby> 6581 (o) 9 DEM) glis | oo,
(GIS) oLl i Slelbl aills slal33le 5 51 ooliul
slgals (obs)) 1 Sdeesi; ety sl
il Ole Gimie jobied (Sujsled)sess
(S5 slacylled 5| 5 placs>

oyl ol Gbjlre 3 Sudjgesi; glagesla
5 &y @l SbB s 4 oS y5es85 sla aS L
Olpe 4 i 0gd; slaatds 5l (59,8 slaodls :3s
el g (Segss ollae o sudS lal
T Bloom; slecdld b ke glasld

ol sl el (ol (Y-VY (ulSs g o,lg0l) s

@L)y » p...a.....wa )9.b4.) aS Wloals g.;L?:.u‘ Sy



Y4y

1FF leanl g 5l YV o5losds 1 0590 (60 1,5 (b oy 9 o8 (slaAsSl

Sd)g0935 sle sl 5l slaolls ) Jguar

Table 1. A summary of geomorphic indices.
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! Hierarchical anomaly index.

2 density of hierarchical anomaly.

3 percent of basin asymmetry.

4 Basin Shape Ratio.

5 mean lenght of first order streams
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Table 2. Parameters Ha, aA and ga in the studied basins
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Table 3. The number of streams and the bifurcation ratio in the study area.
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Table 4. The number of streams of each order directly connecting to the next higher order, the Direct Bifurcation Ratio

(Rbd), and the Bifurcation Index (R) in the study area
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Table 5. Calculation of the Asymmetry Factor for the Drainage Basins in the Study Area

Colled S | o eae wo s el 2o I coluw al>og, 55,5 Cows Colus
S RS AF(KM) a5 4> AT(KM) AR(KM) Lol
Jls 54.39 714.62 388.69

axdllan 5 yg0 Al Adg> 10 SWigiSy Cudled wlls g BS ps5lis jludo £ Jous
Table 6. The value of the BS index and the tectonic activity class in the basin of the study area.

el S | Lo BSKM) | s » adsm sl | onsaledd Sl adp Jsb o
EEIRNS wse> IS BW(KM) coond | BLIKM) 4> g5 b Ol puie
Jis 5.62 14.20 79.81

§1 39 e s Loy IS slows s a1 IS Jsbo o)
OV L ol Voas o gledal gl Job (Sl g0
Sl oo Sl Hlade (ol .l odal Cowsds yieglS
IS5 855, s s wpe L  plyiee
adaie ;o LSl Olpnds pwyn 9 (2SR5
G ax o gladalyl Job (1Sl asli 0sd oolazwl
SL ol ke S L ) 6l S

oolel p ) 4z iyl Job (oSl (asLs -#
2z slaanly]l S Jsb wad plol Sl
3905 a1l olutas 5 sl yosleS OYA/BYD ailaie
samolis bl (ol el ool oygln sas VoY
W adlaie ;0 (L2585 8D @je el la Sy
513 o adlaie (SG 390 0en LSle flod )5 05ug4 a5
az 0 sleaslyl Jobs Kl dislore (gl ol ot



ras VPoF il g 5l YV o5l 18 090 (60 1) (ol oy (2 95 sLoISL,

Gob ) S slacdld ol oanlie LG
G S ol 5 oo (Saalll sz alaas] b
ol iSmieSas 3 ol slml 3 sulS
et S crge Wlg e anlS pl S
5 anl,l olws ol L Gilidl o e slagl >
o dled a5 bl o sigd byl Jsb 45 Ol psis
STy o 7y WZFRE jsba (SHgsS
Sl 5o o eas b banlpl o515 asle (So3els 0
Oless 05 8 el pl i
e Sealud g ey S Jllod 0wl o

sl az5ls glogys Caranl allaie
slaanlyl gt Jsb aiile (50g8 )50 sloasls
sl coleisl gla axls g bdal ol o515 (G a0
el 4 (SigiSS slacdled Gl (o) p S 6550
SR 55 o)l i b el sl o e
S59999,90 JolSS b gonditns L)l 5 wins oo SLSL
Ol Wl oo S az o slaanlpl Job o adlais
Oy gl (Seeliand Sliats 2] (SisiSS slacollas
O57es 655 slaasls (il eslle il ST
5 G olelbl aSbslags,bual 5 iSajeSTs
) adlaie (SSgSS OIS 20 Gliee o)l e LB
Ot malr jebay Gaghy ol slaaidl wies o
L8y 5 el n (S sbeldld arg B
@l ol Slee Sble |, adbie aSesl
ol by @y @oied;) olelbl aslg e
Copde & borye sbosnyadln ose 5 (i)
5] pald ean] jo b slagl o g b ol
9 3o (nl &5 waes e plis b Jolod wcale o
sleedles olst byl a5 wys Slal 4 IS
bl sl Shy 5 2SSl p (SEES
Ol e (B 0 Wy Conl aBl Cews el
ooy i @bl plo 5l S (S5 slacollad
ibie ol gla Sy 4 Ulais] lacsglis oyl oo
Lalys s bes oldlae cosdee (3T s ozen
o @l el wsdiee by (ialeyd g (oolldl
g Lglay c iy sloadl b oLl yen yoglle i
03,5 (rhyy s 1y oadaallas aihie (o> sla S

5 SHES gleanlp b gage Slbls)l Wl
2 Sl ohgar a5 By adlaie (Su5sls8)9e05)
st samsplss col Ses boanlpl Sk Job
bl ;5 ail aSeiaSd n SoeSs el
Sl (S 51 )13 S35 slaaT 3 ,5b o a8
ol &l Gl b e jsba baslpl sk
Sy o ol wile g lele Ol sy samoylis

& S aoid -0

&l )3 (Seledypesiislaasls Jlod 5l Jols gl
dibio 0 4z JB SSSS lacudled Kby tagy
saxmslis azd, IS 4 slaasls .ol asllae 500
2 Jd (SESS 5l gaaled 5 o bSbe slags)lxal
Ald ddbaie oyl

L e 6,5 Lo sla s el NV YF lade LA asls
o515 Jelos ams e plas 1) (SHigss glacllad b
Jd >l 5o opga MITY lais b dag,bual
A (owlidrirmny Syl 59 Jleto o 5 lot;
sasls s o )18 aSE 550 |, bald ol
YT 5 VIVE olie b oos 4y Rbd g Rb) wlasdl
5 amsl S bl L ol samasylas
e bl (B 0 Soguzme (SgSS slaclad
SSLles VRV Ll R) oletsl IS asls « Jlis o
sglle .ol dilate prhavs ) Atz 1 SigiSS slaclad
Slocdled Ol wog> o lipae asls (ol
IS (a3t a8 o 0l oanl T s 1) (SeigiSs
axss JB ol oamsslas OFY e b dde>
oled o cwl (Eloge) Jld (Pl 50 (SEeSS
SeskS Y L pln ) am s slaasl ] Job Kol
sl g beaal plasis (asl JolSS saamslis a8 el
il o dilate o SgiSs slaclad

asle b slogtagy b Gdios ol @l dawlis
OTAF) e 5 podegsds 5 (VTAF)  Lelon
2SS saedbd pSeia Bl samsglas
cOitrad el ass> LSl 5 80548l Ol s
9 S5 OTAY) s 5 (o0)S slaiaghy i
ot S9S5 el sl (YY) iy
Sopeie jobay (L2SepaSed LSl g baalsog, e



Yas VFef Ll g 5l YV o loud 19 0590 (60 30,5 (bl cymny (.99 (SLoAISL

References

Abdideh, M., Qorashi, M., Rangzan, K., Aryan, M
(2001) Assessment of Relative Active Tectonics
using Morphometric Analysis, Case Study of
Dez River (Southwestern, Iran). Scientific
Quarterly Journal of Geosciences, 20 (80): 33-
46. doi: 10.22071/gsj.2011.55134. (in persian).

Avena, G. C., Giuliano, G., Lupia Palmieri, E
(1967) Sulla valutazione quantitativa della
gerarchizzazione ed evoluzione dei reticoli
fluviali. Boll. Soc. Geol. Ital, 86: 781-7965.

Baroni, C., Noti, V., Ciccacci, S., Righini, G.,
Salvatore, M. C (2005) Fluvial origin of the
valley system in northern Victoria Land
(Antarctica) from quantitative geomorphic
analysis. GSA Bulletin, 117(1): 212-228.
doi:10.1130/B25529.1.

Bayati Khatibi, M (2009) Identification of
neotectonic activities in the Qaranqoochay
watershed using geomorphic and
morphotectonic indicators. Geographical Space
Journal, 9(25): 15-32. (in persian).

Burbank, D. W., Anderson, R. S (2011) Tectonic
geomorphology. Wiley-Blackwell. Edition: 2.

Burbank, D. W Anderson, R. S (2001) Tectonic
Geomorphology. Blackwell Science Ltd.,
Australia, 160.

Camafort, M., Pérez-Peifia, J. V., Booth-Rea, G.,
Melki, F., Gracia, E., Azan6n, J. M., ... &
Ranero, C. R (2020) Active tectonics and
drainage evolution in the Tunisian Atlas driven
by interaction between crustal shortening and
mantle dynamics. Geomorphology, 351:
106954.

Ciccaccl, s., Fredi, P., Lupia Palmieri, E., Pugliese,
F (1896) Indirect evaluation of erosion entity in
dranage basins through geomorphic, climatic
and hydrological parameters. Intenational
Geomorphology, 233-219.

Clement, A. J. H and Brook, M. S (2008) Tilting of
active folds and drainage asymmetry on the
Manawatu  Anticlines, New Zealand: a
preliminary investigation. Earth  Surface
Processes and Landforms, 33(11): 1787-1795.
doi:10.1002/esp.1632.

Dehbozorgi, M., Pourkermani, M., Arian, A. A.,
Matkan. H., Motamedi, A. Hosseiniasl (2010)
Quantitative analysis of relative tectonic
activity in the sarvestan area, central Zagros,
Iran. Jornal Geomorphology, 121 (3): 329—-341.
doi.org/10.1016/j.geomorph.2010.05.002.

Edward, K. A., & Nicholas, P (2002) Active
tectonics: earthquakes, uplift, and landscape.

Esmaili, R (2012) The role of morphotectonic on
river drainage network anomaly, Northen
Alborz. RESEARCHES IN  EARTH
SCIENCES, 3(9): 1-13. doi:
20.1001.1.20088299.1391.3.1.1 4. (in persian)/

Gioia, D., Corrado, G., Danese, M., Minervino
Amodio, A., Schiattarella, M (2023) Post-

lacustrine evolution of a tectonically-controlled
intermontane basin: Drainage network analysis
of the Mercure basin, southern Italy. Frontiers in
Earth Science, 11: 1112067.
doi:10.3389/feart.2023.1112067.

Guarnieri, P., Pirrotta, C (2008) The response of
drainage basins to the late Quaternary tectonics
in the Sicilian side of the Messina Strait (NE
Sicily). Geomorphology, 95(3): 260-273.
doi.org/10.1016/j.geomorph.2007.06.013.

Habousha, K., Goren, L., Nativ, R., Gruber, C
(2023) Plan-form evolution of drainage basins
in response to tectonic changes: Insights from
experimental and numerical landscapes. Journal
of Geophysical Research: Earth Surface, 128(3):
1-24. doi:10.1029/2022JF006876.

Haghipoor, A., Aghanabati, A (1976) Geological
map of the Sarv area (1:250,000). Geological
Survey and Mineral Explorations of Iran.

Haj Mollali, A., Tahuneh, M., Shokri, S (2006)
Geological map of the Silvana quadrangle
(1:100,000). Geological Survey and Mineral
Explorations of Iran.

Horton, R. E (1945) Erosional development of
streams and their drainage basins;
hydrophysical —approach to  quantitative
morphology. Geological society of America
bulletin, 56(3): 275-370.

karami, F., rajabi, M., abazari, K (201) Analyzing
the Drainage Networks Anomalies and its
relation with Active Tectonics in the Basin of
Northern Tabriz. Quantitative
Geomorphological Research, 7(1): 30-47. doi:
20.1001.1.22519424.1397.7.1.3.7. (in persian).

Kiani, T., & Yousefi, Z (2018) Effect of Active
Faults on the Groundwater Level of Shaharchay
Basin in Urmia. Journal of Geographical
Sciences, 17 (47): 61-75.

Malekzadeh, T., Sharifi, J., & Elyasi, E (2005)
Assessment of Earthquake Hazard in the
Western Azerbaijan Region (Urmia County).
Proceedings of the First Conference on
Earthquake in Doroud - Past, Present, Future,
Doroud, Iran.

Malik, J. N., & Mohanty, C (2007) Active tectonic
influence on the evolution of drainage and
landscape: geomorphic signatures from frontal
and hinterland areas along the Northwestern
Himalaya, India. Journal of Asian Earth
Sciences, 29(5-6): 604-618.

Nagizadeh, R., Haqfarshi, A., Ghalamghash, J
(2003)  Geological map of Oshnavieh
quadrangle (1:100,000). Geological Survey of
Iran.

Saha, U. D., Bhattacharya, H. N., & Islam, A (2024)
Neotectonic impact on drainage development in
the [Eastern Himalayan foreland basin.
Geomorphology, 462: 109328.

Saha, U. D., Bhattacharya, H. N., Islam, A (2024)
Neotectonic impact on drainage development in



ray VFef Ll g 5l YV o loud 19 0590 (60 30,5 (bl cymny (.99 (SLoAISL

the [Eastern Himalayan foreland basin.
Geomorphology, 462: 109328.
doi:10.1016/j.geomorph.2024.109328.

Shahzad, F., & Gloaguen, R (2011) TecDEM: A
MATLAB based toolbox for tectonic
geomorphology, Part 1: Drainage network
preprocessing and stream profile analysis.
Computers & Geosciences, 37(2): 250-260.

Sultani-Sisi, G.-A., Amini-Azar, R., Yousefi-Rad,
A., Jalalzadeh, M (2008) Geological map of the
Urmia quadrangle (1:100,000). Geological
Survey of Iran.

Taghavi-Moghaddam, E., Bahrami, S., Zangeneh-
Asadi, M. A (2017) Efficiency of Indicators to
Geomorphometry Drainage Basins for Evaluate
the Tectonic Active Baghrod Basins, Bojan,
Zavin and Sarrod of North East Ira.
Geographical Planning of Space, 7(25): 103-
120. (in persian).

Tebar, V. B., Bonasera, M., Racano, S., and Fubelli,
G (2023) Assessment of Quaternary variations
of the drainage pattern through morphotectonic
investigations in Piedmont (North-western
Italyy (No. EGU23-5412).  Copernicus
Meetings.

Valkanou, K., Karymbalis, E., Tsanakas, K.,
Soldati, M., Papanastassiou, D., Gaki-
Papanastassiou, K (2022) Stream piracy and
tectonic control on the evolution of drainage
networks: A case study from the Island of Evia,
Greece (No. ICG2022-366). Copernicus
Meetings. doi:10.5194/icg2022-366.

Wani, A. A, Bali, B. S, Bhat, G. R., & Hussain, N
(2020) Impact of tectonics on drainage network
evolution of Suru basin, Kargil N/w Himalaya,
Jammu and Kashmir, India. Environmental
Earth Sciences, 79: 1-13.

Yaaqoub, A., Essaifi, A., Clementucci, R., Ballato,
P., Faccenna, C (2022) Drainage network as an
indicator of tectonic evolution of mountain
belts: insight from the Middle Atlas (Morocco).
In EGU General Assembly Conference
Abstracts (pp- EGU22-60438). doi:
10.5194/egusphere-egu22-6048.

Zargarzadeh, M., Rangzan, K., Cherchi, A., Ehsan,
A (2007) Study of active tectonics in the Zagros
region using geomorphic indices and
morphometric parameters in GIS and remote
sensing. 26th Earth Sciences Conference,
Geological Survey of Iran. (in persian)

Zuchiewicz, w (1889) Quaternary tectonics of the
Quter west Carpathians, Poland.
Tectonophysics, 297 (1-4): 121-132.



YaA VFef Ll g 5l YV o loud 19 0590 (60 30,5 (bl cymny (.99 (SLoAISL

Analysis of the Impact of Tectonic Activities on Drainage Network Anomalies in
the Shaharchay Watershed, Urmia Using Geomorphic Indices

F. Hemmati *!, S. Seyyedahmadie?, and A. Alizadeh *

1- Dept., of Geography Education, Farhangian University, Tehran, Iran
2- M. Sc., Technical and Soil Mechanics Laboratory, Maku, Iran
3- Assoc. Prof., Dept., of Geology, Faculty of Sciences, Urmia University, Urmia, Iran

* F.Hemmati@cfu.ac.ir

Recieved: 2024.12.13 Accepted: 2025.3.8

Abstract

This research examines the impact of tectonic activities on the drainage network anomalies in the
Shaharchay watershed in northwestern Iran (Urmia). The study area exhibits distinct drainage patterns
due to tectonic activities and geological changes. The objective of this study is to identify and analyze
the relationship between tectonic activities and drainage network changes using morphometric analysis
tools. For this purpose, tools such as a 10-meter resolution Digital Elevation Model (DEM), geological
and topographical maps, and various geomorphic indices were used. The analytical method includes
calculating indices such as Hierarchical Anomaly (Aa) and Hierarchical Anomaly Density (ga) to assess
tectonic activities and analyze their correlation with drainage network changes. Additionally, indices
such as Bifurcation Ratio (Rb), Direct Bifurcation Ratio (Rbd), Basin Asymmetry Factor (PAF), Basin
Shape Ratio (BS), and Mean Length of First-Order Streams (LN1) were used to identify structural
features and tectonic trends. The results indicate that the values of Hierarchical Anomaly indices (1.34)
and Hierarchical Anomaly Density (1.33) suggest the presence of structural anomalies and significant
tectonic activities in the area. The analysis of the Bifurcation Ratio index (R = 1.41) indicates high
tectonic activity and the lack of drainage network development in certain areas. Furthermore, the Basin
Asymmetry Factor (PAF = 54.39) confirms the inclination of streams toward the left bank and the
likelihood of tectonic activities in this part. The Basin Shape Ratio (BS = 5.62) and the Mean Length of
First-Order Streams (LN1 = 0.517 km) also indicate an undeveloped drainage network affected by active
tectonics. The findings of this research demonstrate that tectonic activities have a significant impact on
the region's drainage patterns. These findings can be useful in assessing geological hazards such as slope
processes and in development planning and crisis management in this watershed.

Keywords: Tectonics, Drainage Network Anomalies, Shahrchay Watershed, Geomorphic Analysis,
Drainage Evolution

Introduction

The relationship between tectonics and patterns and provide identifiable signs of the

drainage network anomalies is a key topic in
geology, providing crucial information about
the tectonic history of active areas. Drainage
networks, as one of the most sensitive
geomorphological systems, respond to tectonic
changes and can reveal signs of tectonic
activities such as changes in water flow
direction, river deviation, and channel
anomalies. These features are especially
prominent near active faults, where tectonic
movements cause changes in slope, flow
patterns, and distribution of ranges.

The formation and evolution of drainage
networks are influenced by two major
processes: the uplift of rock formations and
erosion. These processes can alter drainage

region's tectonic history. For example, changes
in the rate and speed of uplift lead to changes
in drainage patterns, which can result in the
diversion of main flows, changes in river
angles, or the emergence of break points in the
flow path. Such phenomena have been clearly
observed in regions like the Middle Atlas,
which have complex tectonic histories. Recent
research in regions such as northwestern Italy,
central Greece, southern Apennines, and the
Middle Atlas has shown that neotectonic
activities have had significant impacts on
drainage patterns and the formation of their
anomalies. These studies emphasize that
changes due to active tectonics can include
river flow diversion, increased or decreased
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erosion intensity, and the creation of unnatural
slopes in river paths. Drainage networks are
among the most important natural systems for
water resource management and the formation
of geological landscapes. These networks are
influenced by a set of factors, including
tectonic activities, erosion processes, and
climatic changes. In areas with high tectonic
activity, drainage networks are not only
indicators of tectonic changes but also reflect
dynamic Earth processes. These reflections
include phenomena such as changes in water
flow paths, river deviation, and the creation of
various anomalies in drainage network
structures. The Shahrchay watershed, located
in northwestern Iran, due to its unique
geographical and geological position and
proximity to active faults such as the Tabriz
fault, is an ideal environment for studying
tectonic impacts on drainage networks. This
region, with a long history of tectonic
activities, has caused anomalies such as
changes in river slopes, basin asymmetry, and
deviation of main and secondary river branches
in response to tectonic movements.

This study aims to identify and analyze the
relationship between tectonic activities and
changes in the drainage network, utilizing
morphometric analysis tools in the Urmia City
Chahchai watershed. Given the importance of
water resource management and the need for
sustainable planning for regional development,
understanding the precise impacts of tectonics
on drainage networks is essential. These
impacts can cause significant changes in river
paths, water resource distribution, and the
stability of local ecosystems.

Materials and Methods

Primary research data were collected from
various sources, including books, theses, and
scientific articles related to the region's
tectonics and geomorphology. Geological
maps of Urmia, Oshnaviyeh, Silvana, and
Serow (Kangjin) at a scale of 1:100,000 and
topographic maps at a scale of 1:50,000 were
used for this purpose. Additionally, a Digital
Elevation Model (DEM) with a 10-meter
resolution was obtained from reliable sources
and processed for subsequent analyses.
Geomorphic indices such as the asymmetry
factor, valley height-to-width ratio, river
sinuosity, and drainage network slope were
selected for analysis. Collected spatial data
were analyzed using ArcGIS software. This

analysis included preparing slope maps, river
longitudinal  profiles, and  calculating
morphometric indices. The GIS analysis
results were compared and interpreted with the
region's geological data to clarify the role of
tectonics in creating drainage network
anomalies.

Results and Discussion

This research examined the impact of tectonic
activities on valleys and river paths using
geomorphic indices. Indices Aa (1.34) and
hierarchical anomaly density (1.33) indicate
the presence of structural anomalies and
significant tectonic activity in the region. The
bifurcation ratio (Rb) and direct bifurcation
ratio (Rbd) with values of 1.74 and 0.33,
respectively, indicate a lack of structural
disturbance in certain areas and less tectonic
activity. However, the overall bifurcation
index (R), equal to 1.41, suggests high tectonic
activity at the regional scale. The basin
asymmetry factor (PAF = 54.39) also confirms
the tendency of waterways towards the left side
and the likelihood of tectonic activities in this
part. Basin shape ratio (BS = 5.62) and the
average length of first-order streams (LN1 =
0.517 km) indicate an immature drainage
network affected by active tectonics.

The findings of this research indicate that the
values of geomorphic indices suggest
significant tectonic activities in the Shahrchay
watershed. These results demonstrate that
tectonic activities not only cause changes in
drainage patterns but can also lead to the
creation of structural and dynamic anomalies.
For example, the bifurcation index indicates
significant changes in the structure of the
drainage network and tectonic movements that
increase the number and length of lower-order
streams. The basin asymmetry index also
shows the tendency of main flows towards the
left side of the basin, which can result from
tectonic activities.

Other indices were also used to evaluate
tectonic activities. The drainage basin shape
ratio index indicates the geometric shape of
basins and their tectonic impacts. Large values
of this index generally indicate elongated
basins in tectonically active areas, while
smaller values point to circular basins in
inactive areas. Additionally, the average length
of first-order streams indicates an immature
drainage network affected by active tectonics.
These indices were used as important tools in
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identifying and evaluating tectonic activities
and drainage network anomalies.

Conclusions

The analysis of geomorphic indices in the
Shahrchay watershed indicates significant
tectonic activities. The examined indices
suggest the presence of structural anomalies
and active tectonic activities in the region.
These results can be effective in identifying
and assessing geological hazards in the area,
providing valuable information for crisis
management and regional development
planning. Indices Aa, hierarchical anomaly

density, bifurcation ratio, and basin asymmetry
all indicate tectonic impacts. Additionally, the
average length of first-order streams indicates
an immature drainage network affected by
active tectonics. These findings can be
effective in assessing geological hazards such
as landslides and floods, as well as in planning
for development and crisis management in this
watershed. A more precise analysis of
geomorphic  indices, integrated  with
environmental variables such as climate and
lithology, can provide a comprehensive
understanding of tectonic processes and
watershed evolution.



