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1-Introduction

Analysis of morphotectonic indices is a useful and reliable tool for investigating the active tectonics in a
region (EI Hamdouni et al., 2008). Rivers are important landscapes that react to the deformation resulting
from tectonic activities (Holbrook and Schumm, 1999). In this research, morphotectonic indices have been
analyzed in 8 subbasins adjacent to Takestan curvature and its eastern part on the southern slope of Alborz
(Fig. 1). this study aims to investigate the relative active tectonics in this area.
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Fig. 1. (a) simplified geology map of the Qazvin-Rasht region (modified from Haghipour and Aghanabati, 1985 )
showing the location of the basement faults (Ehteshami-Moinabadi, 2016) and study area. (b) Satellite image of the
subbasins in the study area on Google Earth. Numbers show the number of subbasins.

The study area covers the geological maps of Takestan (Mirtohidi and Mohammadi, 2000) and part of
the Abhar map (Hoseini, 2016). Tertiary volcanic rocks are one of the most important formations in the
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studied area, and they have the largest outcrop in the highlands. Young Quaternary deposits are also
exposed in the south and southeast plains of the region. The studied area includes the Ashena and North
Qazvin faults in the northern part, the Aghababa fault in the middle part, the Shenin fault in the southwestern
part, and the Hesar fault in the western part. The most important fault in the region is the Takestan-Polrud
basement fault, which caused the bending of the Takestan curvature in the southern slope of Alborz of
Western Alborz.

2-Material and methods

In this research, the tectonic activity of the region has been investigated by morphotectonic indices
including stream sinuosity index (S), percentage dissected mountain fronts (Fd), reverse topography
symmetry index (T), mountain front sinuosity index (Smf), drainage basin asymmetry index (Af), stream
length gradient index (SI), ratio of valley floor width to valley height index (\V/f), drainage basin shape index
(Bs). The active tectonic (lat) Index is presented by averaging the mentioned indices. In this research, GIS
and Global Mapper software are used. The basic data for extraction of drainage basins and rivers is the
Digital Elevation Model (DEM), based on the ridge of the mountains (different topography). The DEM
with an accuracy of 30 meters (taken from the USGS) was used to extract the drainages. The studied area
includes eight subbasins. To investigate the relative tectonic activity in the region, a comparison of the lat
map with the location of the faults and the geology of the region (Takestan geology map with scale
1:100000 (Mirtohidi and Mohammadi, 2000) has been used since the activity of faults and the type of
lithology have a great impact on the quantity of morphotectonics indices and thus the quantity of Iat.

3-Results and discussions

The summary of the results of the measured morphotectonic indices for eight drainage basins in the study
area is shown in Table 1. Table (1) and lat map (Fig. 2) show that three middle subbasins (subbasins 1, 2,
and 3) have high tectonic activity compared to other subbasins. These subbasins (1, 2, and 3) are located
adjacent to the Takestan curvature in the southern slope of Alborz of Western Alborz, and the other
subbasins (subbasins 4, 8, 6, and 7) show moderate activity, which clearly shows that the Takstan-Polrud
basement fault is active. Previous morphotectonics studies (Mohammadpur et al., 2024) carried out in the
western part of the Takestan curvature also confirm the function of the Takestan- polrud fault as an active
fault. It can also indicate the activity of important faults in the region, such as the North Qazvin, Ashena,
Aghababa, and Hesar faults located in the north and northwest of the region. Comparing the SL index value
with the lithology along the drainage basins in the eight profiles showed that the value of this Index in these
subbasins is independent of lithology and is controlled by active tectonics because, due to the similarity of
the rocks along the drainage and the lack of diversity of the rock resistance in the region, the main
influencing factor in the changes of the morphotectonic indexes in the subbasins is caused by tectonic
activities such as faults.

Table 1. The results of the morphotectonic indices in the subbasins of the area.
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Fig. 2. Classification map of the lat index in the study area

4- Conclusion

Analysis of morphotectonics indices and investigation of the Index of active tectonic map in the eastern
part of the Takestan curvature showed that tectonic activity is high in the middle parts of the region
(subbasins 1, 2, and 3 located adjacent to the Takestan curvature). The basins far from the Takestan
curvature show moderate tectonic activity. The activity of faults in the region, such as the Takestan-Polrud
basement fault, North Qazvin, Ashena, Aghababa, and Hesar faults located in the north and northwest of
the study caused an increasing amount of lat in these subbasins.
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Fig. 1. (a) Simplified geology map of the Qazvin-Rasht region (modified from Haghipour and Aghanabati, 1985) showing

the location of the basement faults (modified from Ehteshami-Moinabadi, 2016) and study area, and (b) Satellite image of the
subbasins in the study area on Google Earth. Numbers show the number of subbasins.

1. f.


http://www.usgs.gov/

¥ o)l.o.a.':: AF 0)50 ALY QLH.....A)

%

waA s [ M &
a8 iy 60,8 owlid e j},;fuf/:#:gb‘-ﬁb

49°20'0"E 49°30'0"E 49°40'0"E 49°§0'O"E 50°0'0"E
36°30'0"N- . -36°30'0"N
36020.0"N' _3602°|0nN
‘l,:—\ O _‘4:\'\—%’: 2
, y,.
36°10'0"N- > 5} 36°10'0°N
36°0'0"N- ] . i : +36°0'0"N
49°200"E  49°30'0"E  49°40'0°E 49°500'E  50°0'0"E
9 35 T 14 21 28
O s Kilometers
Legend
[.¥)Q-al:recent alluvium " | Q-ms: silt and clay flat [ Q-sc: Mud and salt flat Symbols
[1Q2: young terrace ~&—4&Thrust Fault
[]Q1: OId and high level teracce ~——— Normal Fault

[CZIPLQ-c: Cream consolidated conglomerate

[l 2: Granite - microgranite P:Partially epidotized, chloritized and silicified zone Il Si: silicified zone
I m: Monzogabbro [__1A: Argilic - alutinic zone

[ JE6-mp:Grey - dark megaporphyric and green porphyritic quartz andesitic, dacitic lavas

IR EG6-vt: white grey to red colored rhyolitic - dacitic lithic crystal vitric tuff

[TIEG6-ig: Olive green partially red - blue rhyolitic - dacitic ignimbrite and tuff

I E6-tr-an: Red quartz trachy to andesitic lavas

[ IE6-an: Brown dark andesitic basaltic trachyandesitic-andesitic and quartz andesitic lavas
[_E6-dtbr: Red ferrogenous rhyodasitic, dacitic lithic, vitric crystal tuff

[[JE6-b: Grey - dark grey basaltic lavas

[TTE6-an-ba: Dark massive andesitic - basaltic lavas

-E6-gt:0Iive green to green andesitic - dacitic crystal - lithic vitric tuff

T E6-v: Brown to dark olivine basaltic trachybasaltic, trachyanesitic, to dark brown tuffs

B E5-wbt: green well - bedded tuffaceouss limestone and limy crystal to green sandy crystal tuff and black grey shale
[ JE5-wt: Grey purple andesitic - trachandesitic lavas and andesitic to rhyolitic tuff

[ JE5-tr-an:Dark and grey to red brown amygdaloidal trachy - andesitic lavas

[EES-1t: Green and cream colored epiclastic lithic crystal tuff with interclation of dark brown shale and siltstone

——— Strike - Slip Fault
= Basin border

Hoseini,) ,s.! 4 (Mirtohidi and Mohammadi, 2000) ,test VvV« « -

ol 00l attiie AL (59, p ASs> 1) 03900 5 0l (2016

Fig. 2. Geological map of the study area based on 1:100000 Geological maps of Takestan (Mirtohidi and Mohammadi, 2000)
and Abhar (Hosseini, 2016). The area and number of subbasins are shown on the map.
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Table 1. Summary of the morphotectonics indices used in the study area.

Reference Description Method Formula Index
Ah: difference between the highest and the lowest \'

Keller and points of a given section of the channel, Al: AH Stream-

Pinter, horizontal projection of the studied section, L: SL= — .L Lenght

2002 length of the farthest point of the studied section ] AL index

to the headwaters of the basin, in a straight line.

Vf = 2Vfw/ Valley

Floor
Kellerand  \/fy: valley floor width measurement, Eld and {(Eld —Esc)  \yidth to
PInter,  £rq: elevation of the left and right valley divide, Valle
2002 - + y
Esc: valley floor elevation Height
(Erd — Esc)} Ratio
Bw .
Kellerand g jength between the highest point to the mouth Bl Drainage
Pinter, o the watershed, Bw: width of a watershed at its ; Bs = Bw basin shape
2002 widest point. BI index
i Drainage
Kellerand At: total watershed area, Ar: area of the Af basing
Pinter, watershed to the right (facing downstream) of the _Ar asvmmetr
2002 trunk stream. ~ At -100 Y y
Ar index
El Lmf: length between two points of the mountain Mountain
Hamdouni front along its base where there is a change in _ Lmf front
et. al., slope from hills to plain, Ls: straight length Smf = Ls sinuosity
2008 between the two ends of mountain front. index
Keller and Percentage
pi Lmfd: length of the cut parts of the mountain Lmfd dissected
inter, o . Fd= —— .
2002 fronts, Ls: straight length of the mountain front. Ls mountain
fronts
Kell d Y
Iiir?trearm C: length of the river V: length of the valley in a = E Sinuosity
2002 straight line. . Vv index
Da R
Keller and Dd: distance taken from the watershed midline to Da to gvs;si
Pinter, the watershed divide, Da: distance taken from the T= — spm?”ne?r y
2002 watershed midline to the midline of the stream. o Dd yindex y
El Relative
Hamdouni S: Sum of the classes of calculated geomorphic ) ) tectonic
et. al., indices N: Number of calculated indicators. lat = N activity
2008 index
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Fig. 3. (a) Digital elevation model map of the study area for calculation of SL index, and (b) Classification map of SL index

in the sub-basins of the area.
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Fig. 4. Longitudinal river profiles and SL index in 8 studied sub-basins.
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Fig. 5. (a) The ratio of valley floor width to its height (\VF) in the area, and (b) Classification map of VF index in the sub-

basins of the area.
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Table 2. The Vf index in the sub-basins of the area.

Category  Average Vf  Basin Category  Average Vf
2 0.98 5 1 0.46
3 1.74 6 1 0.48
3 3.42 7 1 0.49
3 3.81 8 2 0.89

Basin

1
2
3
4
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Table 3. The results of the Bs index in the sub-basins of the area.

Category  Bs Bw BI Basin Category Bs  Bw Bl  Basin
(km)  (km) (km)  (km)
3 2.1 11.7 27.8 5 2 3.07 164 558 1
1 537 9.7 56.4 6 2 322 176 66.9 2
3 168 25 552 7 1 6.34 9.7 6338 3
1 631 41 293 8 3 28 14 423 4
V- FY
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Fig. 7. (2) Location of the sub-basins of the area based on AF index, and (b) Classification map of the AF index in the area.
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Table 4. The results of the Af index in the sub-basins of the area.

Category Af- At Ar  Basin
50 (km2) (km2)
3 -17 1169 396 5
1 35 2304 1965 6
1 22 5515 397.2 7
3 -18 532 173 8

Category  Af- At Ar  Basin
50 (km2) (km2)
2 13 3623 229.2 1
2 12 3563 223 2
1 17 242.7 188.1 3
3 -20 3854 1186 4
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Table 6. The results of the Fd index in the sub-basins of the area.

Category Fd Ls Lmfd Basin Category Fd Ls Lmfd Basin
(km)  (km) (km)  (km)

2 0.45 6.89 3.1 5 2 039 554 22 1
2 035 873 313 6 2 035 85 3.04 2
1 029 1789 527 7 2 038 459 178 3
1 029 236 6.87 8 1 0.32 1353 4.36 4
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Table 7. The results of the S index in the sub-basins of the area.

Category  Average S c V Basin
S (km)  (km)
09 88 61

2 1.11 124 838 7 5
119 88 7.3
12 229 19

3 1.51 173 229 132 6
16 229 143
145 221 152

3 1.69 182 221 121 7
18 221 122
1.3 115 838

3 1.57 176 115 65 8
165 115 6.9

Category Average S C V Basin
S (km)  (km)
1.16 18.4 15.86
2 1.16 1.2 184 153 1
112 184 164
1.09 223 204
2 1.16 122 223 182 2
117 223 19
1.02 179 175
2 1.16 132 179 135 3
1.14 179 157
142 21 147
3 1.53 161 21 13 4
156 21 134
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Table 8. The results of the T index in the sub-basins of the area.
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Category

NN DN

T

Dd Da Basin Category T Dd Da

(km)  (km) (km)  (km)
0.41 3.4 1.4 5 3 021 52 11
0.60 2.8 1.7 6 2 041 36 15
040 17.2 7 7 2 040 25 1
0.42 1.4 0.6 8 2 040 135 55
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Table 9. The results of the lat index in the sub-basins of the area.

lat SmM T S Fd Smf Af SL Vf Bs Basins
class

2 187 3 2 2 1 2 2 1 2

2 1.7 2 2 2 1 2 2 1 2

2 15 2 2 2 1 1 2 1 1

3 237 2 3 1 2 3 3 2 3

3 237 2 2 2 2 3 3 2 3

3 2 1 3 2 2 1 3 3 1

3 225 2 3 1 2 1 3 3 3

3 228 2 3 1 - 3 3 3 1

0 N O OB~ WN

36°20'0"N 36°30'0"N

36°10'0"N



%

¥ o)l.o.a.':: AF 0)50 ALY QLH.....A)

waA s [ M &
a8 iy 60,8 owlid e j},;fuf/:#:gb‘-ﬁb

49°20'0"E 49°30'0"E 49°40'0"E 49°50'0"E z
1 . g
©
(]
e
N
£ | z
o =
=] °
N o
© N
© ©
™
z z
o B
o e
7 o
© s
© ©
Legend @
—-4 Fault
z
g:, lat g
&1 [CI1.5-2 High o
©0 . o
® | [@@2-2.5 Moderate P Kilometers | g
0 3 6 12 18 24
49°20'0"E 49°30'0"E 49°40'0"E 49°50'0"E 50°0'0"E

Adlas 0y50 dilate ;o SELoye) (oowd Cllad Lo ls guies, ana -V Y S
Fig. 12. Classification map of the lat index in the study area.

OLS 9% ol Cnl e 3590 (LS s e oo
218 @V JSE) 39, im0l (St JuS o092 Jb
Mohammadpur et al., ) L3 s3lowejicy, Oldlas
o Sl oals plnil QLS Gied (o)8 Cand jo a5 (2024
sl JUub oS S Byt 1y 9,y ST o o Shoe
ailate pgo Slo S collad samalis wilg oo (VY JSC3) lat
5 Jlod o @8ly Jlax 5 LUBT LSl ong3d Jlod JouS o
e isy loasss ) 4o izmes Wbl adhie Oy ek
FUL Lo Jskas oS5 (F 5 7Y (slaasso ) 5,5 Lo 5 Jlos
55, UL o Wl oo 5 ol dihiie slaadg> 5 o
cex lcwnd o as Jb> 0 all oud soleipe codlad
Sl oS oS @515 (e (V 5 7 B sloads>) © 609

S -0
OY ) cologm) oo codlid asls 5l Lol mls
4 Comd dllate b ]led g Jlad slaiso 45 smo o0 (LA
SElogmey Collsd Slhddhie o 5 Cor gl
Slasg 0 (el (ul aS g,k 4 el o955 UL
Loogte colled A 5 VEF gladdg> ;5 5o Ul collad ¥y Yoy
Ol W ams oo plis 1) o5 cdld O abem ) 0
03 duw )0 (FEluiymey Collad S ) adlate sbhass> s
Sl Sh anlie 0,5 (Gaipeads Jlad o5 g Jlud L Jlad
U5 58 Jaz) lat Lasls Slsbons 51 Lol> slaazil, La- )
e Ojglome 0 Vg V) sldasgs ) v o plas (VY
lbads>nj plo g w13 5ol (peiz amls o (ST
ol 095 5l hwgie Collad a5 (Y 5 £ A LT gloasy> )



¥ O)Lo.aja AF 0,92 ALY UL"”M)

w

wn s PR . &s
A9 e Lgo).g)lf stl-a-»-u o) ]fﬂ[u}{,j,@b

il A g0 F slaads g ar bgpo collad (e 5 Vg
Iy cdled Jlode opyiin Vg Vo) sloasy> SMF asls o
lat asls o UL cudld b gble b gudate a5 wiao o ylis
s Cadled Gl A g VoF slodsg> g Fd ol o aiiis
32958 Jleds JuF s Loy codled g o lonids anslis
Ceoyd (g S peiias glicy bl olbxl g ¥ ass> 5 0
Cels Jas yo Ll pl oe Jd L1 Wilos ST o iolw )
JW @ lgion 35V adsm ) o ppdled iou )9 Geizmen
D g YV loasgs g, 000 oo olid |y lawgie codlad
@ oo lis a5 e3g VVF B VY polie lyls S asls
S0 Sl )3 (S9y0 gy A g (e JobS
"o B Ll oo 990 (nl Al oo laddg> 5 )
a1y ) Sugm; 5 byt Ceo b 55t 0bj ol 5 (Suallly
pbael idu aS A g VEF laasg 5,0 il wiloslas dilso,
SalS g cud rals bals 18 cabo 4y gite (idu 0 Lyl
5 e 32l 1) oS ol b bl b LS el
o Lz 51 Gl sl gl ls ddlate gloass> ) i T asls
Cdlad b 3blis 32 5 ¥ 03, 50 5 alis 5y pl L 5 9> 55
hls (¥ 5 V¥ leasss 55) gl adg> ) 4w a5 aao
oo (A Jg02) v dsg> ) ple 4 Cad oL cudled
G jelme &5 oyl 5 Jled bl i laads>
5 (VY JSK2) 0,8 oo o 1) el 5l oliaeS™ jo LS
F sV A S slasy>n) Gies opl il slases )
oLes s Mohammadpur .aciwe lawge cudld sl
30 Blogmiesy, sl atls Hoss Lo5s (V-YY)
mabem i aS ol lis ST jies o o sledsg
UL cdlad lls 5l slass )0 ped nl Gl slo

ol i |y el cplade laslasius jglne (g5 4 Cons

AN

oad o isu (nl yieS (Sl Colled o g9850 (nl
UL o wilgs oo adlain ) 10 Jla> S 5925 (uiored .ol
2 oslle Bl S 55 ) asgm g 4o ety ool ke o5,
Sl 1y JUS 31,555 s e 3 ] 0 5 oS
Alp s S Caglie g (libSaw i (L)
23l $9) 2 (Bl ne cod (I8 i b Wl oo 55 il B
bl 38 51 il sloadgs s solitul 3,50 slaasls
o5 ey b aslllae 550 ddlaie )3 £9d50 (ol (o) Cuz
5 dibie gloasy>n; j0 b s SL a3l awslis
s 3 <F S8 0t g3l e S 05 e it
Sl ey Cdled SL jlogas j0 oo sanline sla s luals
Sade oldl 5l Ll g lual oed oo blaswl gy adlaie
S Ceaglie ial381 L aS s iz s 51 0 Wlgs o SL
P10 Sl ns b i by Sl olren (bl o
ax e aib JuS 5l b Saelll g s bsle slaan])s
o et Bl lacs) el aal T (S (05 sy
pae 5 banl ] iy Job )0 iSiw iz alis 4z Loy
Sl pass jo Lol J1A5,50 Jole cdalaie gla S Cooglin £45
5 Sloime)y Collad 5l AU g e ]y ades ) a3 ls
SULSL Lasls JJaie ¥ g Vo) sloasgs 5) 0 .culs LS
S el oSy GLkil Y o ¥ laadg> 5 & o 50 5 ol
LLET S 5 2538 Jlosd S o3ng 4 aibate Lol sla oS L
lat jazls 5l Jol> mls ousS aul 055 cpl .l dgguie
Gridled 5 Jlads iy 5o Ll g Jlas LLBT (058 Jled
bk 5o ol sla Sliny bl s a5 0l LS e ddlaie
ol o zaS o blie jo ol 0dd S5 V olyz sloeys
MJGA uLdeSMlJGAA 9?‘\/ o)Lo...':: 6&4@9?)4) L Jayfo
ilodw, Joles 4y s Lpaey codled Ll 5l laasg> 55 opl
15 el iy 5l Sl (BS) ave> JSb asls mbs
Codled p iaS azmen Gl A g Vo 0anlS slodases )



w

Folots AF 0,90 VTV ol B iy (60,5 wlid (e ]fﬂforf/:;:;ag}j
st Jsb 0 bSaw ez alis cle @ aidlaie bt 395 b 39, Jm LS (S g b8 iy (392 JUs8
sloase> o asls ol s Lol Jele @ilsog, o a5 uils o (Ehteshami-Moinabadi, 2016) G,
Sl el 4 by e ols o |y ddlaie Ghafelehbashi .ol oo dilaie (ol jo 5,00 olysS ies

Sl 55 o3 Jlod JuS ot - gt o L 53 (VYY)
s95 & FEluime) (od Sdld alh @l - 5 ¥ sloass>ys yo o 5l oo & aslllas 350 ailate (5,5
50 ol g pSojlail el cuie mls 5l 60,40, S 3 a8 Jleds S angy a5 ol las ojls aslsl ¥
dilie Sl sloceand o ol aihie gloass> ) ol oS anb 03 a5 Ceul ddlate Jld LS slaay,
e (B0 Ceand )0 adly ¥ g ¥ ) slaase> ) Sl o ol adlhae wsilen ol bbase> 5l lat Lasls
33 s e ohi | UL ol ey olled (lensSs 5 drloee b (VAY) ol San 5 ANOOP aisls 55 ol blis
Sz 3l g0 g lail slcend o a5 Jb as Wby las g lepmeycsu,; sl asls Jdo ¢ a0
"oy Selbd (aihie G g 350 sleass> ) Sl 03 SWilpdir p @S> e Julge 5l Jld Sl pre;
88 e Lagie 5L b L3l 5o o 5058 Sl 5 sl Wlagn 0,2 Jlas 5o
A Sl sloass> s 0 b S UL o515 e - Giaconia  pises .cwl 5o Jelge plo g Jd colo s
O Ub o daddg 5 K00 4 Ces Yo Y ebbesu,om slpasls 5l (VT) (LiSes
oad adbate o2 Jled g Jlod )3 (SSlairey Sullad B L R R
Jolis adlaio o sl S aod co lid 095 aS o] 90 4 by ye Lilewl Bbogin 10 lw slaasls o laaal ]
aboz 5l jla> 5 LLBT sl ong3d Jlad slo JuS el (S g
Jud S L &gl imen s JUa sla S & 35 i -7
Sl ol aed Jale 45 09, -0l T (S o Torejiny slagatly sSSP e Jelye -
Colled 28, Uk o Wlgioo 508 95d o0 Jelos 3 et e &5 (LIS glaades g e (S5l
Al ;50 o JuS 00 5 bl ol o s5leys; Sl pns Jolis g oo anlpl JUIS 315995 s
el 355 5 (5 5208 gllad Sl e 4 (i S e e (5 5L yolis 3 5 s K i

Sl Sw Cooglin £4i5 pac a4y az g Lol Jled slo

&=l
Anoop, A., Prasad, S., Basavaiah, N., Brauer, A., Shahzad, F., Deenadayalan, K., 2012. Tectonic versus climate
influence on landscape evolution: A case study from the upper Spiti valley, NW Himalaya. Geomorphology

145, 32-44. https://doi.org/10.1016/j.geomorph.2011.10.028

Bull, W.B., McFadden, L.D., 1977. Tectonic geomorphology north and south of the Garlock Fault, California. In:
Doehring, D.O. (Ed.), Geomorphology in Arid Regions, A Proceedings of Eighth Annual Geomorphology
Symposium. State University of New York, Binghamton, 23-24 September 1977, pp. 115-138.

Burbank, D.W., Anderson, R.S., 2001. Tectonic Geomorphology. Blackwell Science, 1st edition, Australia, p.
160.

Ehteshami-Moinabadi, M., 2016. Possible Basement Transverse Faults in the Western Alborz, Northern Iran.
Journal of Sciences 27(4), 329-342.

El Hamdouni, R.E., Irigaray, C., Fernandez, T., Chacon, J., Keller, E.A, 2008. Assessment of Relative Active
Tectonic, South West Border of the Sierra Nevada (Southern Spain). Geomorphology 96, 150-173.
http://doi.org/10.1016/j.geomorph.2007.08.004


https://doi.org/10.1016/j.geomorph.2011.10.028
https://jsciences.ut.ac.ir/article_59339_fd88742ff66fe022300b3cacfde7e7bd.pdf

w

fo)Lo.A:J AF 0,92 ALY UL"”M) A.JJM L_Séﬁ)ls stl.....u U'“Q) J"ﬂfo’!/#;ag}i
L

Ghafelehbashi, M., 2021. Geometric and kinematic analysis of North Qazvin fault zone. MSc. thesis, Imam
Khomeini International University.

Giaconia, F., Booth-Rea, G., Martinez-Martinez, J.M., Azanén, J.M., Pérez-Pena, J.V., Pérez-Romero, J., Villegas,
I., 2012. Geomorphic Evidence of Active Tectonics in the Sierra Alhamilla (Eas tern Betics, SE Spain).
Geomorphology 145, 90-106. https://doi.org/10.1016/j.geomorph.2011.12.043

Haghipour, A., Aghanabati, A., 1985. Geological Map of Iran (1:2500000). Geological Survey of Iran, Tehran,
Iran.

Holbrook, J., Schumm, S.A., 1999. Geomorphic and Sedimentary Response of Rivers to Tectonic Deformation:
A Brief Review and Critique of a Tool for Recognizing Subtle Epeirogenic Deformation in Modern and
Ancient Settings. Tectonophysics 305, 287- 306. https://doi.org/10.1016/S0040-1951(99)00011-6

Hoseini, M., 2016. Geological map of Abhar (1:100000). Geological Survey of Iran, Tehran, Iran.

Keller, E.A., Pinter, N., 2002. Active Tectonics, Earthquakes, Uplift and Landscape. 2nd Edition, Prentice Hall,
Upper Saddle River, p. 362.

Mirtohidi, A., Mohamadi, A., 2000. Geological map of Takestan (1:100000). Geological Survey of Iran, Tehran,
Iran.

Mohammadpur, F., Davoodi, Z., Sadeghi, S., Razavi-Pash, R., 2024. Assessment of tectonic activity using
morphotectonic indices in Abhar-Lushan area, south of Alborz. Journal of Tectonics 23, 75-92.
http://doi.org/10.22077/jt.2023.6557.1158

Nabavi, M.H., 1976. An introduction to the geology of Iran. Geological Survey of Iran, Tehran, Iran, p. 109.

Rockwell, T.K., Keller, E.A., Johnson, D.L., 1985. Tectonic geomorphology of alluvial fans and mountain fronts
near Ventura, California. In: Morisawa, M. (Ed.), Tectonic Geomorphology. Proceedings of the 15th Annual
Geomorphology Symposium. Allen and Unwin Publishers, Boston, pp. 183-207.

Seeber, L., Gornitz, V., 1983. River profiles along the Himalayan arc as indicators of active tectonics.
Tectonophysics 92, 335-467. https://doi.org/10.1016/0040-1951(83)90201-9

Stocklin, J., 1968. Structural history and tectonics of Iran: a review. American Association of Petroleum Geologists
Bulletin 52, 1229-1258. https://doi.org/10.1306/5D25C4A5-16C1-11D7-8645000102C1865D

Taherkhani, B., 2010. Morphotectonics and activity of the North Qazvin fault. MSc. thesis, Shahid Beheshti
University.

Wells, S.G., Bullard, T.F., Menges, C.M., Drake, P.G., Karas, P.A., Kelson, K.1., Ritter, J.B., Wesling, J.R., 1988.
Regional variations in tectonic geomorphology along a segmented convergent plate boundary, Pacific coast
of Costa Rica. Geomorphology 1, 239-265. https://doi.org/10.1016/0169-555X(88)90016-5


https://doi.org/10.1016/S0040-1951(99)00011-6
https://doi.org/10.22077/jt.2023.6557.1158
https://doi.org/10.1306/5D25C4A5-16C1-11D7-8645000102C1865D
https://doi.org/10.1016/0169-555X(88)90016-5



