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Extended Abstract

Introduction

Alluvial fans are important geomorphic landforms due to their advantages and their hazards.
Many researchers in different aspects have investigated alluvial fans. A sudden change in the
topographic slope at the mountain front and a decrease in stream power are proposed as the
main factors of alluvial fan formation. However, the relationship between alluvial fans and
active depositional processes on the surface of alluvial fans. the relationship between the area
and the slope of the alluvial fans with geomorphic and geologic characteristics of their basins
and investigating the morphology of alluvial fans using quantitative characteristics have been
widely studied by many researchers, few studies have focused on the topographic characteristics
of alluvial fan toes. The slope is a useful morphometric indicator to distinguish alluvial fans
from other depositional landforms distributed on the pediment. The aim of this study is to
quantitatively investigate the morphometry and slope changes on the alluvial fan toes of an arid
region in order to distinguish them from other depositional landforms on the pediments.
Therefore, we analyzed the slope of 40 alluvial fans and their morphometric characteristics in
central Iran.

Materials and methods

To investigate alluvial fans' morphometric characteristics, we first selected 40 alluvial fans in
central Iran using satellite images. We chose a minimum length of 2000 meter for the alluvial
fan selction. Next, six morphometric parameters including the overall slope of the alluvial fan
(SO), mean slope of the area above the fan toe (SA), mean slope of the area below the fan toe
(SB), the ratio of SA to SB (RS), the total length of the alluvial fan (L) and the sweep angle
(AF) were measured. The slope of the alluvial fans was calculated using the study area SRTM
(Shuttle Radar Topography Mission) Digital Elevation Model (DEM) with a 30-meter spatial
resolution. The digital elevation model was converted to the UTM (Universal Transverse
Mercator) coordinate system since we used the metric measurements in this study. The overall
slope of the alluvial fans, alluvial fan length, and alluvial fan sweep angle were measured using
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the digital elevation model and QGIS software. To calculate the slope of the area above and the
area below the alluvial fan toe line, we first created a buffer with 250 meters distance from the
toe line. This distance was applied to avoid unwanted errors. Each buffer has 1000 meters
distance. Generally, we used Google Earth pro, ArcMap, QGIS, and the digital elevation model
of the study area to measure the morphometric characteristics of the fans and SPSS to apply the
statistical calculations.

Result and discussion

To calculate the morphometric parameters and to analyze the slope changes of the alluvial fan
toes, we first selected 40 alluvial fans in Central Iran. Afterward, the sweep angle, alluvial fan
length, overall slope of the alluvial fan, the average slope of the area above the fan toe, and the
average slope of the area below the fan toe were calculated. According to Table 1, the most
considerable sweep angle equals 156.12 degrees on the alluvial fan number 31. The smallest
sweep angle belongs to the alluvial fan number 1 with the value of 14.7 degrees. Among the
studied alluvial fans, the alluvial fan No. 17 has the shortest length (2076.679 m), and the
alluvial fan No. 26, with a length of 44569.45 m, is the most elongated alluvial fan. In terms of
overall slope, fan No. 17 has the highest value in slope (3.38 degrees), and the alluvial fan No.
16 has the lowest (1.64 degrees). Most of the studied alluvial fan have a slope of 2 to 2.5
degrees in terms of the slope of the area above and below the fan toe. The mean overall slope
for the studied fans is 2.27 degrees. In terms of the RS factor, most of the fans are distributed in
the range of 1 to 1.5. Generally, the slope decreases from the apex to the toe in an alluvial fan.
The most important factors for the slope changes on the surface of the alluvial fans include flow
velocity reduction, reducing the flow power, and reducing the channel width to depth ratio.
Tectonic activity is also one of the essential factors in determining and changing the slope of
alluvial fans. Sometimes due to severe tectonic uplift, new sediments deposit on the young and
elevated surfaces of the alluvial fan, leading to steep slopes on the surface of the alluvial fan.
Based on the results, with increasing the alluvial fan length, the slope of the area above the fan
toe decreases. The same correlation can be seen between the length of the fan and the overall
slope. The negative correlation between alluvial fan overall slope and alluvial fan length in this
study is consistent with the results of other studies.

Conclusion

In an alluvial fan system, the apex of the fan is the steepest part, and the slope decreases to the
fan toe. Different factors such as tectonics, stream discharge, sediment materials, etc., affect the
slope of the alluvial fan. This study showed that most of the studied alluvial fans have straight
profiles. The alluvial fan's straight profile indicates that the materials from the catchments area
have been transported during the catastrophic flooding events and preserved on the alluvial fan
surface for an extended period. The similarity between the fan's overall slope and the slope of
the area above the fan toe is a sign of inactivity of erosional processes. When SA is smaller than
SO, the alluvial fan will have a concave profile. The results of this study are also consistent with
other studies showing that the arid region alluvial fans have a greater slope than humid regions
fans. The RS values in the studied alluvial fans reflect the effect of fluvial processes on the
slope changes on fan toes. It also shows that erosional processes have been inactive for a long
time in the studied fans.

Keywords: Alluvial fan, Arid regions, Morphometric Parameters, Central Iran.



b S blo SLaSIbg 5o 045l s O ki g (oS3 %08 590 (S AS L (05 Ao
S35 30 ol 2 9 s

i foxe gl 9) ol KIS (e Sl 09,5 sTlshygats 58 st — (o i 09l
Ol gz «(8ylgpaw wuSs oKl ¢ Jaieo pole g Lblyan 0aSLiily ¢ 559)58 50055 Hlutils = (Guw] &S5 e oo
Ul)’l ‘)Iﬁ)m “_5)‘9);.»: W“$> oKuiildy ‘u.lam P9.LC 9 L_‘?l):) ouSisly gGIS 992 )l u,u.’?g.») bs)f )l;.)L.wl - d”ﬂ 4.@‘

R
b 3l g Mo (S5 eejns o e ol SB dler ) Gilise Y5 4y laaiSillog s
Sy oplpln a0lodg by ylusl 465 3590 0508 « M 5 05 1o Camiig 8 dilo ddsio apb &l bl
o5 S SRy G ol 3 Cal )08 lofig Cuenl Sl 55U sladsa Sl o3l 385 9 o
e 9 (£185)] (cag8) Ja 5l o2latul b (35 50 () 5 aiSElbog oo ¥ 0asl cad Sl 9 S piagh )90
b () y9-0 SladiSilbog sea il olul (ply 85 )18 Al 5 (o) )90 (2Ll LML
Jsdo b (slaaiSBllog 5o adlllan il 13 133, s LT J1 pAS ) 03gdma 0 olwliss (slolgnle yglass
od el oYU i5u cud (SO) assBlbg s (S s csim Jolpe )0 iad O] yieghS ¥ Jlis
o9 01 abre (gla el ) Cglis 3,5 drslone labg oe alod (sl (L) aiSBllog e Jobo
laisSllog 5o ads gl bole iSilbg sy bl () slasil )b g (cadll Lulpd (3,5 jasete
)9 aiSElbg a1 Jsbo ¢ pers 45 ol (LIS ol 95 o0 Cguine oty (o515 5)lse o ]
o i oxina 5 SO 5 SA s b ol Gl e sla iy 4o dng b adllae
b ol RS Jasls polie sl aioloyd (classlys E98g pis o SiiS ol byl 13 LaiSéllbg 5o
9590 (= )85 2529 ddlllan 3)90 (ladiSilbog Sro 015l (ol g (VL (0 b )3 Slin ol &S
e Casl adlllas 3)90 SlaiSSlbg e 0l )3 dagi BB (oialo b Glacdld d92g pas | (S 5
o] el S8 el oyl agly g 5Lsj Lagl oo 45 _olmaiSillog 5o 55 a5 ol s gl

Sy lalud glaslsag,

855 e Sl s yashyge «Sts sblie @Sdlbog e 1 sS4 5l

Email: ma.zanganehasadi@hsu.ac.ir Jotane o g )
VFeV oD+ F 1 pipdy b YF e+ g, 5b gyt TN /o) Fcdl o & ,b

http://doi.org/10.22059/JPHGR.2022.339882.1007683



VE+ ) lauls o bylows BF b3 ¢ omb gLdl i gla sy dolikiad YFF

.

dodis
o Sjdsdysess (2)ls-s rpteke Il (S plsie 4 0)lgen aiSSllg e (553515 )93 (slap B e ]
9 359919095 (i Eilin ((oamb Gl )bl oman il (sladiix jl g Slodg (e 424 3)90 (e
s |y aiSElbg s Lol (ol Jale olaiadtils (A WA (o )87 5 (2)5) Sli8)S )13 ()0 3)90 00
$dgaio) LIS o Gl W29y (lyr )38 Gl Gl W5 4 g len S dge e 3 S5 0095 o SlSL
(So)le) aiSBlbog 5o s > Jlub oS5 (sloan] )5 | aiSilbg s alally Sl 5g2g b (Ve IYM ()Sen
5 S2glshygesss sLa S iy L baiSilby S s § colus dbal) (VY V00 (2555l 5 sule NIV NAAY
oiomen o (YO YAV ([, LSen 5 0l Jlox $F) 1A% (- Lsan g ci (63) bl o plasgs ol pse
JSb ey (AU ATAY (bl 5V ¥ oo )8 5 L)) (o8 (sl Syl ool | laaisSllog 5o (5gl5d)50
lbaiS8lbg st oaclh SdlS o5 slaShy mes b dlaily )3 Sz Slalllas )5 )18 ()2 3590 (Slo3 S
loaiSilbg 5o et (Sigke gred (Seiglgersesss Cloleal & oad el ggdge (o el Wb ply g0
=S oy o=l egdhe il (L el (p9an cCdeniny (ST 5 )lse b 5 (oM > dayeglls
S plegyze S adls I (Sl liste lied diajly g yilej (JSuie (Jsere sla by, b loaisillg s
XA oSan 5 5ig0rbla) sl s 2SSl (o515 (B s b 11y aaiSBllg o ] Lawss (g5 oS
o L Glae (150 b cud b GBg8 i5u dw 4 (e SIS g8 cund olul 2 ] oaiSéllog5ee (VY
G (IS jeb 4 (VATAY ()0 5 (59u0) 3,5 i o5 s b aiS8llog 50 0asB b o loil i 5 Lawgie
gilw) Cunl psiio da D VW B Y o cldl Koo aiSilbg e glads 457 (0)l50 33 g a0 5 U 0 aiSBlbg s
gy o «SgiSS dlaa Sl lisn Jolse 4z )5 (VWA DAY ¢ 55 5 o altial D0 X020 25551 9
Jo ol b it 550 2SIy 5n cilisio (sl sy cund (sl )3 35 oo (SLd (oalb g o plas g Lawgs
(VY VN (o) 3940 o0 4l aiSSllog 5o o oS (el Jolo (gl s 40 (23

2,8 o)Ll 253l s plgs oo lpl > baiSElbg 3e ($9d98y90 L bl )3 48 S &9 Slilllae dlex |l

M3 2lj)l 2y90 |y LraiSillog se (Gslg 90 (bl (Sgiss lacllad 5 Slos (WAY) (S5 (5)lke 5 pls
Bblie > Sgiss clld (b)) sl (eelie (aSLs aiSElbg e ((G5lgd )50 45 2 (LS oSl bt D>
ailais )3 555 aiSdllog See (55505890 g iz SigiSG 58b oS 53 (WM hlSen 5 il .l Ciliseo
$2lyd Sl sasie (gloJuS 5 (1395 gy (S el 5 3925 (i ) slaaly Goluly 387 (e ]y Slieed
S5ghnge slaShg (oS balg) (MYRY) loy 5 s Sgpon slavd 4 aiSdllog ey Sigis 53l g collad
Jole YV adllas (3l 53 00305 )18 sy 0 950 1y (655 50 ol o Lol sloaisllog 5o 5 (iSa sladsg>
A Gl Budod ol 5l ol ol (8)5 )18 (awyp 3)90 6350 pll > aSElbg e g A Yo g Sjolsd e
9 Slo Sl LSy 505 (2195 6L 635 30 ol 3 0ad dloe (sla el (o (Staen (JS 555U &S
390 1y el Jlos (slaaiSillog pe yy Jlab SigisG ,8b (S taghyse g (Safelsdyge walsd (1YY oy lSen
WSl s gl 1538 gy |y el Josh Canni 5 aiSBllog 5o V5 5o ol 3 e 5305 )3 o)
2 ) igy Cusdge puuis @iSilbgyse ol 3 ol a5 plale 4 e dalllas 390 ddlaie )3 JuS cullid
LSVl s a e ploals dnaiSGllg e o ble S o cotel YU Ciliske g glaus sloxy] (4iSllog ke
G895 ol @l (IS jebas cunl oads aiSilbg e paw )3 (2SR aSud Bl olrals g Sy Sie Cgu)
8l oo oaiSSlbg Se S tegd )90 Latly) (B (Nien | (Sl



YFO e SBASEIL gy 818 s Oyt 9 (S yi0g8 90 S HaB L 08 Ao | o, K0 g ko o8

5 Sidehrge dhaly sladlae )3 (VAAY) (59l blosges LaaiSillog e (guoy & o8l 5 Slglhs (Slnl e (liiea
gy 9 S35I99550 Sl e 385 (] ) (55 A 1B gy 2y50 |y AL y5e s 53 (5 109
by Sl iSllog e > cllail dlais oo 5 yis a5 2l L gl 31 @) (Sis gblie (slaaiSillogysea
e aiSalbog syl 5 JUIS b 5 4S8lbg ko cands 3 35 OS], padgn cpl o> (55 ol 5l
Jeo> gl ol plyie ay el oo s 185 (03] )3 el S ) (VAR]) (Semjgy 5 Bee 28
JLasl sa s S Joole Lo s a8 0y LS ol oly jl8 oy 350 diS8lbgysee YV 350 )0 |y Cgu,
2 30 Sopm Sl Jlae!l 5l dm aiSilbgysee ol yduwy Jol & sy aSdy G diS8lbg e prdas )d Cgusy
S yieghyge ymolis plw g cud (V400) (2959 5 gl Cunl Jho aiSilbog o s 4 gy JUi) o po
Ol 4o 2l 8 gy 350 aiSBlbg e e gl ) ol Adg (glsanli £33 g Colue wile aiSllog e
JBi) iy o > VD S las a4 dgamee |y aiSlbog oo Cowd a5 L8 b ylai BMS oS ol LS Budss
g dinlid aiS8lbg e lgis 4y Wb 55 ditwd a0 VOl i cad ()b &S Jbgyse ab b Jbgyre

w5 )3 cou 2y90 0y 4 &S Sl Slegdga I (S aiSElbg S 0ael Sl Houe 5l am (b SLSL e
S asiSElbg e pasds (sl (S teghyge Malsd Gl oo Sl s 042l )3 cad Sy oy 0 b
pll 5 Bum 58" ol 1) Sl oo s > Jlb (sloaty] 8 Kb 5055 CubS o ddl jglme 5 )lse Lo
Bl b Ll pasets pglito 4y oS8l oo 03l (clinl apd Sy gyt 5 (PR S B (]
O bally) duslie g baiSillg S 0asld cud 5 (Stegdyoe S SRy SileieS Crimed sl Chony (o515
s > (o815 g (il oyl 0 Slas 090 oS gy oS aSdlbog s 0usl (S ytesd g0 slayiol)y
2 aS8lbgysee Yoo ulul fued il a8 )5 )18 (las se gaind opl 0 oS cal Bl (S0l il 4S8l g e
odelh o Oly i g (S ytag g0 slapabls (oF duglio jolaio &) cyie Yeoo Job Jilis b (53550 o]
B (o 390 aiSElbg e

o9 99
Ol=l 039 5o 53 aiSSlbog 5o ¥ il daaiSéllog 5o 0a el ol 5 (g yiaghyge (yn BIa L GiwoRy (ul 5
adag Las cuwlodg cpl (e Veor Job (bl p Gl s b Cbasl o Veor s Job b (555 50
LntiSElLog a 335y 5 o] 12l )yl b5 bt B3 b Sy yinghyn (sl ol ciSEllog sk ol
S pegdype Sadld e dlsye 3 Cdpdy Ojgo 2l CleMbl i 5 slojlale sl jl eslatal L
0asld VL Ceod b (e (AF) gyl gl (L as8lbg e Jobo SO) aisilbog e S o Jolis
35 awlrs (RS] (ol 5 (oYL Cuond o (5550le o g (SBY 00l il cuond cnd (5:50Le (SA]
J3 paSonclh SYL adgisw p b Gisu cud (1Ske jl cl @)le 0ael SYL Cond o (15Sle
Silge 48 Cl JLo )3 l 29 e opuime aiSllog sie | sy cplpliy g 485 )8 4iSllog e e2gaoxe
e 3 g g oisB sl (iSe )3 Pl edgi e il (1 0ke odad LS sl pnly Coond G

1 Overall slope

2 Alluvial fan length

3 Alluvial fan Apex Angle

4 Mean slope of the buffer above the fan toe
3 Mean slope of the buffer below the fan toe
6 The ratio of SA and SB



255y Jdo il e dpuloee jalaio a4yl oads Bl Y Jodn (3 55500 (sla sl soae yolis cCuwl 4SSl g e
iyt A ccud (g dnY A ealawl e Ve SIS SSE )08 b adlllas D50 0390 olas)]
N8lpy bassee )3 (UTM) Sl (woSine 195 50 & (2l laiie pis | (2l8)] (098, oo Cliaie
byl Gyao 5850 Cpl 3 SOyt (65030 slaasly sl eslatl s 4 Slaie s A5 sl ARCMAP
a3y dges laie s 033k o jlous diSBlbg e ol duiids o SV S 5 ol la Sho Al JSY S o
Agly g aiSilbg e Job S8l g oo sacld Lwl 9 oYU Cond Cuid 1k « IS i (gl ol )b Lcunl o

0 Ao S pegd g0 W ol b 1dlo Y o lewd Joua

e e e cd et o Cemdond o b opbad | ol
(o) oo g Vo cand (o) arcb Vb (8p)oseb il (%) (00)  aSibys

AT VYA Y/oa VAN RARIINN \YIY \

YIvs \IYY Y/vY \Vat YEYO/FYY VWY/VY Y

v/¥a V¥ AR VIVY YFAV/AQY a/fY Y

y/oy VA Y/IvY Y/e OY+AIEYA Ya/v¥ ¥

Y/¥a AN \ard Y/o¥ FAYF/VEY SN Y A

\izd V/AY YA VYD Ya-v/vey Ya/fy 14

Y/0A VYN \izd \/oF YYavy/say A/AD \

Y/VO V/FA Y/va AV AY-4/445 SYIYD A

Y/ VAN YIvS VYD YAOY/AYY YY/05 Q

V/AY VY Y/ ¥ V/AY \FENALY SY/0) Ve
VAD \YAYd VA Vg VWWEVS/YYY YOIAY AR
VNS VY Y/ VoY VA AY/AvY ¥a/\A WY
Y/-5 ~/AY VNS Y/ YYY-AIYYY OEIVY WY
\Yatd “[AA YIVO Y/ Yaav\/aAd MY VY
Y/-A “/A- Y/-¥ Y/IYY YVY-V/YAY YY/AY VO
\Vias \YAYS \IVY VoY A arAl AY/N \&
Y/IYA VD Y/o5 VoY Y- YE/5VA YY/Y¥ Y
VIAY VIVY VY V/EY \YEYSIAVYY ¥\V/-Y A
V/AY V/FY Y/-% V/EY VASYO/EO0 INZANG AR\
Y/ VY Y/¥¥ Y/e SAYA/ -0V yy/aa A
y/ya N Y/-5 Y/¥Y FYAY/YVY YAIAQ AR
Y/¥Y AN Y/-5 YIvS VFAFV/ADY VA0 Yy
Y-y «/aY Y/y-. YIvS VOAAD/Y DY WY Yy
VY- -[ay VIVE AR VPYYY/A¥Y AV/YN Y¥
i vy Y/\Y ¥IYA VYAE/YYY Y&IVA Yo
Y\Y AR \Arg y/aa ¥Yasa/FYa ASIA \id
Y/¥Y oY Y/va Y/YA WASA/ VY £A/YY v
Y/ -IvY VA Y/¥Y VAYA/YYY ¥V/£a YA
Y/\Y -/a-. Y/ya Y/o¥ VFOYA/YAD ¥V/a) ya
Y/vY VY Y/Na Y/ VOYYY/VFY ASIYY Y.
V/AY V¥D \Vat \YAYd V- ¥VO/YYA \IZAN vy

Y/oo VIVE Y/oA Y/+A YAYY/SYY £+/vA Yy



YfY e SRASEID g e DAL s O kS § (S0 yt0g8 590 (SWAS LS (05 damlilo | (), K0 g ylo yod

Y5 VIvY AVAN \IVE YAS-IFYY YV/00 Y
A7AR <IM \iizd Y/ey sENAIRY Yy/v¥e Y¥
\lizd \AYs YIVD YIvE Yas\/AVD AR7ALY Yo
Y/ <IYv VNS ¥/aA AFYA/YAY YAIS \rd
Yl-¥ /A% ¥/e¥ VA YYYV/EYY 2AINY \n4
YIsA YA Y/¥- \VAYd FAFY/VAA sl YA
Yo \/ay y/A- \IYY YA -Y AV/oY ya
Y/ AN A4 YIvY AAVA/FA VA/XY ¥

Y ojlomd JS5 50 a8 jelailon (A Cpuns (BL) Pl 03900t S lawgs aiSBlbgyste saeld swb 5 oYL Cuond
Cpl B oy yie YO aiSélbgyste il jpe g odels sl ol alols g yte Voo j3L olul el ods odly ivles
0d el o Oly sy wyp S Jlasl asS8lbg o jye e 0 Jlaisl gl (ials jolaie 4 alold
L (A4 )24 “5).@.1) Caol 04 dpiudin (piizme Sy lawgd ¢ ool dilagy Job iy jl ooliiwl b aiS8llbg )5
o5 3 Clsioms S o s s e 3o 4 Ygans aiSlog e a3 g, e 4S5l b 42 Jo 3
LM_.SsIJos);u cbjM.Cd_g .))5 odlawl 4..5\9”95)9:9 olcld i ul)...uu Y ‘51).’ wl.uo L;ab-l.w 0‘9‘9 LY u.l}]o
Olasisod Iy A8 o yaue 042l (gogame Lisu 5l a8 ad Cud plpls it plaie wiis SIS gl ddien
QY 3l lizal b 3l jo ol (Sobs daaiSilbg e (olos (sl 3 e 3] g 15 eess ] (slaiiond ol 4
43,5 desloe QGIS Jljalays 5 cand (50,

sl oyl s gyl dlaly awyp jolaie 4 SPSS 1581 5 5l psiomen sl o o3liwl QGIS § ARCMAP
ol 04 o3laiw! caliseo

by o ol y 4l

);Q‘ooo w)ﬂ

WS8Ib gy S phogd 190 (5wl sl (6 058311 2950 I Silows (5lod Y 0y lows JSUS



VE+ ) lauls o bylows BF b3 ¢ omb gLdl i gla sy dolikiad YA

(Y0 2 ylows 41 g y5e0) andllae 3590 (SASED g St 13 () Cod Al g (RN) £ )] awids 51 (glaigod .Y o lowd JSWS

axllaod 90 D390
3 655 e Ol 4 pgmge ol O 31 S8 e 03ga5te 53 3855 ()3 adlllas 3)90 (SlaaiSéllg e
o S055 58150555 yiSarsS (sladnly 4o syl (slasglis ¢ b5 Canmg o> 4 (s 3S ye oyl Sy lazs S
=) ol (sLjpe 039050 13 (YY) IWAS ( SLAL Mo oF+ YAV (o LSan ¢ (oLl Jles) ol o
o 3 a3l asges sl bl )b )3 JalSS y JSis Jods 4o 6550 ol o asiSElbg e
baisly cpFodomn 9 (S5 5l (S 35 e =l G5 (el S Sl gy sled 4 baaiSéllg S
S Sy bolyen dix (Sllad ©jgoa (6350 olpl U osd el b JuS 5 Slas 39 0 sloits gl (owlidoree
S (oo dlor I ppiad §3)alS 095 ¢l bl Cudy ig)d il slaJuS il Gglite wlid s
9 S (ol yrej (Sl S g5 Y900 ALS £g0ome )3 gy o0 led 4y ddlllas 3590 039400 )3 39290
S anle SLzadsl g o005 o i ainsd el g o3 bLi)l o S @S o L 55550 (lnl sloj)ones



Y¥a e SBASEIL gy 818 s Oyt 9 (S yi0g8 90 S HaB L 08 Ao | o, K0 g ko o8

15 5] it dalllan 390 (glndiSEllog kn paimd JuSut Slye (5 lsS (slaaiin (YY) YRS (Sl Mle)
SUs 4 3,8 o 5 BWK 3 BSK (slaodS ;5 aalllas 350 03 «cysS sonldl (s il bl ¢ sasll

sl St g bl oasli
ol 5 s50y Hluwls e (ladol @i loyS (gla bl 13 ¢ wyp 350 aSSlbg e Fr IS job 4
IAREY l_) )_gl)g IRPEC S Jf po &Lo;)l A cdalllao D90 0394w ,LECLO))‘ L'>‘°9§) J.Lo L)"L"l)) Sl cJJS‘)‘{. &F>
M8 ol 5 pledeal gl )3 iy 4 bailbg e (n 5 Spb 5 cnFd Groxed ol 0ad &ly (oS

andllao 3 y90 (SASEID g e CuprBge 5 5 ST yy Al .Y 8 lowd JSud

Ll g Cou
Ol 3 4iS8lbg 5o ¥ e il daaiSillog 5o 00l capd ClpdS gy 9 (Suyieshyge Slo S iy dnle sl
YL Cod ol (56S0Le iS8lbg 5 (S i aiSilbg Sre Jsbo cog)le dgly g 9 48 Sl (658 5
o Blate 9 420 VOFNY Joloe gyl gy (25,55 ) Uiz @l (elowl jo b dlone 4iSElbg e
ol 31l a3y VIV ia b Y oyless aiSEllog en 41 bogryn gl gl o yiSnsS 5 ¥ o5loss 4iSGlog n
Y5 0o 4l e g (e Y+VEIEVA) s iy sia slls VY ol aiSillog 5ca sy 390 (sladiSllng s
Jsb (VW) Ghlsen 5 5Ly eddie d 39y sladicy aiSSlbg5ee (g oS o FYOPAND Jolao (Jobo L
2 lol Ldd il sl j Cuntiy b & axslin Cunl Cundig b (e 4 Qg o Cod @l aS8lbg 5
yome yidi Jobo b (oaaiSilbg e LSS &) Cundin B ml €55 45 (Jb 53 25800 sl (a8 loj e
4S8l o S s blodey sl 2 aiSlbg pra e i 3 g 58 o] el 3 gy Canlis 4 295 e
VIEY) wilosls olaid] 5e8 a1y jlade oy yieS VF o)less aiSilbg e g (43 YIVA) Cadd liue o s VY o)l
) (s ieS res Hhpl Dlgo g Al (lojaly dlge 51 i aiSElbg o orimd St dlge ST S oo 4y (423
S oy 090 SaiSlbg See (oo )3 gy dalgd jidn aiSElbg e lawgle i aidl o3y (olaisl sg5



VE+ ) lauls o bylows BF b3 ¢ omb gLdl i gla sy dolikiad 0.

Ol i 9 42> VER Joleo 5 ¥V 0l bog e &y bogsje aiSillogyses ol (VL Bl sy cond 0 S0lee
i e (55hee (e (a8 pslaisen Allige 423 Y/OF Jolae (ol L WY 0)ladd aiSSlbog e 4y Loy yo
2 a3 ¥/ Jolse jlabe oy yiin o YA 5 WY slaa iS8lbg e )0 a3 VIS L ply aiS8lbg e oacld ol
OB (b 0y 9 (b G958 (B Ggmen (LY 4 LaaiSEIbg e 0asl il o0 Y7 0 )ledd 4SSl e
3950 (5358 o ) s o g oy L dugli 3 iSElbog e e Cond )3 (g Slgo 3l (Slodas
ot SFlgl 3 22598

254 VIYY basélby s oaclh SYU Cuond > Codd (1Sle 0o 50 Cawl 0l @355 4> YO LY o5l
oasls lahd op i ()0 3)90 AiSBlbg 5o ¥e ggame |l ol duloee 42 )3 YVD auels ol oo
435 delone a2 3 VIVY (IS o (el (50l g sl 2 )0 ¥ cand &y by aiSlbog e IS s
DAL i S ol s (S SA ) RS sl il osinsolis S ()
o ;3 (IS jsbas .l ooy olaid] ags 4y 1) V)V 2ae RS adls 1Ske 50l )18 V0 B Y o5L o RS
g e cla S GELS e il Jals 0ol a4y ol ) (1018 Jalse (2 age s o0
S g o ) e Jolge ozl 55 (SgSS lacdld b e o JUST Ges 4 d)e Gl (1R g (gt
oy o> b (S35 s (SualVL 15 (25 S (g gy oo sladay asSilbg oo 53 cod
VN (yeg) Ngd e aiSlbg s o 53 A5 (slaced dbul &) oxie WSl e aiye g oy gola >
(vY

t 1
1.50 2.00 250 3.00 3.50 4.00 1.00 2,00 3.00

30 YIYY = pufile a0 < Y190 = onSibe
o FY = Jlxe Gl ot SIAVY = Jlona Gl ol
301
20
2 o
E A
2 ), 207
-.{; =
N
109 —
10- \T
T 0 1 t 1
4.00 5.00
SA SB
26 € ] YIYY = oaibe 40 ? V18 = it
SITAY = Jlxe Gl 2ot SFeY = e ool
201
301
a a
g 157 — 2"
3
), ‘20|
o =
5 1
101
54
t i

1 0 T T T T T
1.50 2,00 2.50 3.00 3.50 .00 .50 1.00 1.50 2,00 2.50

SO RS

WSy o s 44 1y0 S0 ol gl 203 o5 gianed F 5leds U



YO e SBASEIL gy 818 s Oyt 9 (S yi0g8 90 S HaB L 08 Ao | o, K0 g ko o8

SO 4 SA akl,
et JS ol n3 e il |y 4iSilbg e IS o 5 aillog e 0166 V1 Caon i oy IS
5150 Blo Job o il SUs bla SuSly, 5l ess ool loas oSy g5, b GlbI s b
Do daled yxie aiS8lbg e Jo b Fpew il SO I jiSs 68 SA polie a5 a0 10 ol aiSélbg e

ol 4S8l g 5500 Caote & pord 0 ylid SO 4y Cond SA 3555 pdlie uSe

4,00
3.50- E
(<]
o o
3.00-
o
3 . 4 ®
— o
N 2.50+ . o
4~ & o o
N— [+] o
o
o o
2.00- o % o o
%O
) o°
o
R?= 0.712
1.50 Y=0.15+0.96*X
T T T T T
1.50 2.00 2.50 3.00 3.50

(4>,%)s0
(SO) wSilbg e IS sl g (SA) aiSlbg yes 81l (Y Coomnad o dlasly 15905 - 8 lows JSUS

WSEIbg 5% Job L s lises (51 ol )y alasl
o g8l ggeome 13 4z )5 sl oaid o3y (LS aiSSllog e Jobo b cand caliee (sl yialyl by IS5 5
Job L asiSBlbg 5o 53 o il (sl o)y dlally caalllae ol 3 )1 3529 o 4 s b ol )y o ala]
Lo cd)S )18 com 350 sl )I)55 2 sy ol 130 Bdn 4y a5 L S cog)l> ygly 9 4SSy e
2359y e dlldie S go My (B 0aslE (oYL Cond G SBlbg e Job I Ll JSS 4y ar g
og-Sxe adaly bl oo IR gy (S iSilbg S Job Gl L oS (g psbodr 0948 oo otmlie & S
Y DAVY (sage) 3 slsked Elillae ol gl b 5aios ) 5 aiSlbgyin Jobo g 4iSollog oo
e o (g oS (claaiSollog oo &S Mimd ol gl calpliy MY+ ¥+ A c]lSen 5 gigenile
o Cal Bl al 38l e Jsb LRI L osel Sl Cuond Gl aiSSlbg 5o 0aclE (VL 3L 5 IS Gl S,
S r e (45503 )18 aSElbg e e 5l (g &S) 0dpiS GlaaiSElbg e (GoucB yobne b iy (File
L as ST as el (cine cpl v S8 5 blS o515 Jb ool bl j2e8” Jobo b (olaaiSéllog 15t & Cond
ol 32 i ol e Lol 38 o Ly a3l 305 0066 il itk cdd iSlbog e g Lytaldl
b aiSEllog 5o 5 4 a5 5 S sl aiSEllog e Jobo inlj3l L RS Lasls il §) Sle s JSia
S i i iSollog 5o 0els il g YL Lot cadd Clis il yia Yoror B0 re o ol Jobo o8
3 Ll Jobo 4’ ool 5o 5> ylue dy sl 20 Y02+ 51 35,5 gl Jgbo o sl il o

D g0l ol (Sluin @aldy i blod 4y diSélbg e oacld ol g oYU (iSu ol i o YO .-



VE+ ) lauls o bylows BF b3 ¢ omb gLdl i gla sy dolikiad Yoy

WSy e Job b o ciliise g yiol b alasly 15905 5 0, lond JSud

ol dugl b cilisee (glo ol ala
P RS [adls 5 aSélby e S ol aiSBlbg e oaelE sl 5 oYL 8L ol aSBlbg e Job oy dlal
Ol 0 (Siumod pie jl Sle o )0 pund copd g Gamw Sy s (IS jeb 4 .l oid 00l Lisled IS
48 obasSilby S o )y 3yse Sy st o 53 ditad aiSélbg o ol dygl; b calises (gl ol
(8d)lg0 > A3 Wi dnyd Ve L0y og)ls aely gl)b Lp%c ol o Vo v G Deee oo gl Jgbo
O oy (AMSS) Wilodgs a0 WY+l ks Gyl aigly gl (o VA v ) S Job b o ladiSlbg e
o bl Cgyls agly 5 aS8lbgysie Job (po 3ol jlas (S saimd s «AMSE IS5 5 +/+ VY jlade b
3 15 aiSBlbg e oo 4 20 i syl sl 5 aElbg i Jobo el gyt > o il ars5 sl Jbs
Gl 355 )5 Coyls anslj il yidw Jsb 4 oy Cuns &S SaiS8lbg e )5 .Canl Jlayed (oYL Cocnl
4 3o b gl gl g aSllog e oacl GV 5 cud (g J9d BB (St 929 pis 5l 5 IS
Sl as amd o ol Gl o blas o515 .l sand dwbxo +/+YF ol (psd oy 4 S (g5 b
an Ve L de Coyls angly s ol a3 YO LY o bl oaels VL Liso cud o5 SlaaiSélbg s
oy (AS) 29 0 oamlive 55 gyl dsgly g aSBlbg e S s oo bl  SuiSTy j0 coalid ped i
o ¥ 5l Sy el aneld inly i s 85 laeiSBllog e o5 a3 e ol blis o515l & 425
ol el dwly HiSu ud e (Sied o Jls ol bidiiud as d A U0+ o Cg)ls asely oyl ccnl



Yoy e SBASEIDg 50 0L and ol kS g (S plog8y90 B AR LS oS dmwlile | ], K0 g lo B

e Slellas plo @l b oyl agli LYl sl jiel)ly dlaly () 5l Jols @ls (R2 =27+ 2¥) a3 g5 L3

(WYY A ohlSan 5 ggenila) 3l Clillao il (slo el 9 gl agly oy (Shnsan 3929 pis

50000 )] 4.00-] )
°
40000 3.50 2
S
- o Oo
. - 3.004
,{ 30000 o < .
b
9 o o o
- ©. 2 o ,° °
‘.3 20000 6 4 550 -
—_— o o [ o o
i o o o 0O ®
3 of g0 ° e 8 o 0
10000 5 ° 2.004 8 &
) o 9o o
o o o ® % o° % -
o o
e 9%00 R?=0.023 R?=0.024
o Y=7.57E3+45.6*X 150 Y=2.49+-2.39E-3*X
T T ; ; ;
0 50 100 150 200 0 50 100 150 200
(4> ,5) AF (4> ,5) AF
5.00 ° & 3.501 b
o
° °
4.00- 3.00-] o
) © o
a °o oy o . S,
A, 3.00 ° o “~ 2.50 2 oo o o
.é? .7 9 o
N, 8 o i o
o 8 o ° o o - °
\D‘\
2.00 o o® o 2.00-{ 07 %o o
o 0% °
° °%o o® o
o
OQO o @OQ 5
< ° R’= 3.407E-4 d R*=0.015
1.00- Y=2.19+-5.32E-4*X 1.50 Y=2.39+-1.7E-3*X
T T T T T
0 50 100 150 200 0 50 100 150 200
LiAyAe (e5) AF
° -]
2.00-] o0
Oo o
o
1.50 o - -
o ° o
©
wv o
3 S 52
1.00- 9
00 R 5 o ©
o o
oo
o
50
R2=0.002
Y=1.23+-5.68E-4*X
; : ; ; ;
0 50 100 150 200
(42 ,) AF

D9,k gl b Ao glo el )y o bl Y 0yl JSU

5 35 Ao
LS )58 (app 2)90 9 dnslne (635 50 (lnl )3 aiS8lbg 50 ¥ 0ucl (S5 tegd )90 MBI gl ul 3
|y Ll oSl ol 3 (sloa iyl b g Sdyongss Lanlyd s o aisllog see SIS 355 clo S oy
bly 00 S pSaie (35 () ) 4Slbog e S tesd 90 ilisie sl o)l (qwy 3505 (S 9 (b))
012 Cows & ol 31 oaiSSlbg 5o o S ygb 0l 4iSlog 50 o 3 (oS5 AT} 5 b y9095
3daio Jolos .l cad e 508 s T 0aclE g Cand (i p aiS8lbg e wly 0yl ol g,
45 baiSilby s Jlie (sl A)ls (il aSElbg e cud s )3 008 9 3lge £95 (23 W SEFST (ig7en
loass s (350 olge 4 leaiSlbgseo b auglin )3 w3k ond S5 (308 Slge ) Loges gl g



VE+ ) lauls o bylows BF b3 ¢ omb gLdl i gla sy dolikiad YOf

S po alod jr 09Ie laaiSElbg o o () A Fod S g )55 g W)l (65
33l go ST 3 1y Clany s (ST Sl ol b p )l oglis ciSBlog o il b oS5

b &y ( JS8) Lagl (S s b aalllas 390 (glaaiSilbog o 0128 (oYl (s o abasly gy gl
54 g Slse &S il o 51 Sl Gl oo £y o inled |y dalllas 3,90 (sloaiSillog s ST il
aSllog e a1 Voo ke sl odib o0l U] aiSllog e o 4 ciliss (gl b oyl ddge
pie ok ] S e g 4iSElog e 0l oYL it cad ol ok Lais bl 3 g osile L3l
YL (15 o 5:Sike ol adlllan 350 dilate > St plsmg] bylpd blus 5 b oyl ool
Sl o > Caled pl sl (150 93 (pl )3 o Caled oaimd L 5 (S 5 WMD) (ST s g 0228
P ge3yS bl asilby s Jobo (ngw) dlge &5 5y5b 4 il aSSlbg Sie aw 53 gy Jo )08 Sl
ez oo 4T (gim S bl g (Mo oy U aiS8lbg 5t cund (plplis iload (ST e g 5e 0acls
i ) SA ol cusl osile (Bl yis (9 5 ol 0nd o Aoy e o 4y g Slge obj ol
FHpSA S Gloj Sy g e aiSSlbg o £ pes il (4S8lbg o (IS o) SOl ySasS (oasl 2V
032 jl oo polie oo (pioman 90 Anld 4 iSilby S (Job Eyesd (39 doxe | L il SO
D9 g0 4iS8lbg 5o & e (0D jale ) i aiSEILg e

P aS amd o Gl (WY Yoo d o (5550l 5 50w OYF VoA ()LSen 5 gigeniila) Clallas plw gl
Vsans 5 sl 00 S sl K25 3blio b duglie )3 oaiSGllog o (s oo olis sloaiSllog oo
25k adllan )90 claaiSilbg o ST ol 45 3l Ll 8 Baiod ol @S Cunl 42> Gl ST ke
g > b (oS5 L (ialep slacld pae | L g5sge (il il 423 Y EVD G (nSlie
ol gl > Seis lamgi] Loyl bl (il g loaiSllog o

N Br oo S o Je /A G g aiSlbg 5o o b (38 L RS (el o JS5 el
ol | 4l s (SaiS gd90 ol il SosS gyl aygly il it ol Jsb &8 o aiSllog 5
255 1,8 laslagy (claas],s )yl_, Cood Ol 4 oMaw slacusd Wiles wiiS claasélby e And o
ol jl Sk adllas 3)50 laiSBlbg e )0 RS (asls polie )b 1.(VYY NAQY (55 So 5 o ol i)
2 o S SRy (S sk 4l aiSElbg S 0asld ) (SVsb (loj ke y3 (il b slac s gdy pas
ST slop B gy b 0181y o alex il Jelge 4 gl s oynly 3blie g laaisEllog s
(WS ¥+ A) 3 oylSad 5 s5gombl ] danly aiSlbg o pdans )3 (151535, (slosiy]b 5 4iSllog oo peaus
2 ) (58 i lailEdg) Jelge Suid sblie (slaaiSlbg S )3 45 W) doni () 4 93 BuoS 5
2 0yuf g aS8lbg e drwgd Mgy «lyd o3lil Wile (6,505 Jelos Jba ol bl aisGllb gyt oaelE s
2l L Ll bl 5 (285 gy Sliios )3 wb o o st S5 aiSlbog oo o 53 o slo S e
255 318 2yl 3)90 4Bl e S yioghyge (sl yial )y

3 i yiSaS laaiSilbg e 13«53 o (! slabgye O RS (adls @l & ol (i 35 ol @l
Veroo Ldeer oo gl Job a5 olaaiSilbg s 13 VE 5l 55,5 molie a5 (¢ yohas faml S5 (slaaiSélbg 5
S a5 (Y/¥Y) 00eld oYL iou el (ke Caalud a8 3l Lis guls Cpioren (Mg oo sdaldie Cusl yio
ol bl pie g Sis welil Lls S5y SB o SA s canls Lok 5l o (VYY) aiSlbg s

odeld dwly Hisu cud Gioli8lday yoe a8 Lolas oy jiage 5 (SO USS) sl S8l gyse ) il yd



YOO e SBASEIL gy 818 s Oyt 9 (S yi0g8 90 S HaB L 08 Ao | o, K0 g ko o8

ol 4iS8lbog 5o 0dels ygloe sla i 5 (590 gy Ellab 39 o 4iShllog e
(oyd ) 5 ol slaasld o Lajlpl jlesliiul L laa iS8lbg oo S yiog8)g0 (sl Sy adlllae
a1 gl oy o iSlbog s SCALS 555 sl Shag 3l st S5 B djlogee 1B 1y oy 5olgh 5055
B okl )50 S 39l58 90955 Clalllas )3 0)lg0m (lidlyir CleMbl slapuiiu 5 (Sl (058) sl e
04 0ala ] 4S8l g 5t S5elg8550555 Slalllae y> 5l (il il odls g Was (63,500, b Bains (ol p> ciilais S
5 ol bl 5 gy ol 53 (slisn (slos S Sl ) ool o3zl bl g otn ] S o
g lalls 1 oS5 Sl B 3 ge |y Geios ol §) Lol gl sl Jlgbd b ySeasls gl dy ooyt
SLa S i dbly (555998550955 (bl LbaSilbog e QLl ol )8 eslital )50 (Slidos 9 (Slpes (o 0fg 0
Cnlygo 0l i 5 4 Cunl (9350 dla ) oaldl 5 SigisG ale Jalge ol b aisllog se S 008 )50

g iy bl 4

JUVEPRYRLY

sl 423155 Jlo ols dlie gl e Jsue 0isi ol & Ly

&l

K igSS L L&"_’ﬂ byl g laaiSal bgysee poe oo (08 Lailgy (WYAY) ) gionl ol g .p c sl 4555 4z ‘dslﬂ Jba (\
XO-DF (YIVY «lao gjuyaaliys g Ldlyin (cliis lelis)) gt aiols codiS3l Lig sk 15390 axlllas) Jlub

J)}A)Lﬁb & Sl 105)7: o LS)?J 99)9.0 (.)"’L"“" ‘)J 65\.49,5.: dL&m,\.JL*S D)gsl.a& U"L’))] (\\“AY) 2D 405.“5 LS)LQU: 9+ cPLo (Y
A=V FF ol cla imgh (ED guine (Jlad aleld by Sl by e 1aiges

QAN FF olilis o imgh OluwllS asgs 4SEl byyse S5 yiegd 90055 sla (Sig (MYAY) . pw (bls (¥

» llbduSé”oa)Du W) )L>L..: )‘ wb ul),;‘l; (\Y"\V) o ‘4:—)> 9 J ‘(_S'Sl‘b) ‘C cu.g'Lo') Le e m.)l)' O LZ (89w (()
AW (o8 ST9le8r90985 Slagingly (05 9 S oSy 5u) Sb pwdine 5 (Sole sla Sy

e 0 A Sl olnl S9ls8rse553 (WA o o S (e (#

&35 Boses sl Giwgdy ) es8) S Sl aSdllog e gl > dx () (WY e egarsS g esS (Y
.Aﬂ—\ A s(“)\ iL;Qf

ol 150 e 3l (gladi SElbg 5o g o S sloadss Sy3glsdyge sl Sy (o8 L) (IYY) o e Slo 5 S (A
AV (o8 Sielodrsess) sloging (35 e

b i SOl gy o Jgo 5 g opn § S 55 CSsiST LB Lswaypt (VM) p ceatlisn 5 -0 <55 (68 &p ccs39umio (4
AADNYE (VW)Y cslinl dmgs 5 Lol i (4o M5y 85 atols (sl aiSEl bog 5o 106350 alllas)
A (VI b ldlas sla jimgh . oylrely Jled (gla 4S8 by oo

References
1) Beaumont, P. (1972). Alluvial fans along the foothills of the Elburz Mountains, Iran.

Palaeogeography, Palaeoclimatology. Palaeoecology, 12(4), 251-273.

2) Bowman, Dan. (2019). Principles pf Alluvia Fan Morphology. Israel: Springer.

3) Crosta, G., & Frattini, P. (2004). Contorols on modern alluvial fan processes in the centeral Alps,
Northern Italy. Earth Surface Processes and Landforms, 29(3), 267-293.

4) De Chant, L., Pease, P., & Tchakerian, V. (1999). Modelling alluvial fan morphology. Earth Surface
Processes and Landforms, 24(7), 641-652.



5) Goorabi, A., & Karimi, M. (2020). A new method to extract alluvial fans from DEM. Association of
Quantitative Geomorphology, 1(3). 89-100. [in Persian].

6) Goorabi, A., & Yamani, M. (2012). Quantitative morphometric relationship between watersheds and
alluvial fans in central Iran. Quantitative Geomorphological Research, 1(2). 1-16. [in Persian].

7) Jamalabadi, J., zanganeh asadi, M., amirahmadi, A. (2018). Quantitative Relationships between the
Volume of Alluvial Fans and its Relation to Active Tectonics (Case study: Alluvial Fans of

Southern Slopes of Joghatay Mountains). Geography and Environmental Planning, 29(3), 35-56. [in

Persian].

8) Harvey, A.M. (1987). Alluvial Fan dessection: relationships between morphology and sedimentation.
Geological Society, 35(1), 87-103.

9) Harvey, A.M. (1992). The influence of sedimentary style on the morphology and development of
alluvial fans. Israel Journal of Earth Science, 41, 123-137.

10) Hashimoto, A., Oguchi, T., Hayakawa, Y., Lin, Z., Saito, K., & Wasklewicz, T. A. (2008). GIS
analysis of depositional slope change at alluvial-fan toes in Japan and the American Southwest.
Geomorphology, 100(1-2), 120-130.

11) Kayam, M., & Mokhtari Kashki, D. (2003). Analyzing tectonic activities based on alluvial fan
morphometry. Geographical Research Quarterly, 44, 1-10. [in Persian].

12) Maghsoudi, M., Bagheri, S., & Mina'ee, M. (2009). Evaluation of Tectonic role on appearing and
Change of Alluvial fans (Case Study of alluvial fan on the hillshade of Ghalajeh Synclinal). Journal
of Geography and Regional Development, 7(12), 1-12.

13) Milana, J. P., & Ruzycki, L. (1999). Alluvial fan slope as a function of sediment transport efficiency.
Journal of Sedimentary Reasearch, 69(3), 553-562.

14) Ohmori, H. (1991). Changes in the mathematical function type describing the longitudinal profile of
river through an evolutionary process. Journal of Geology, 99(1), 97-100.

15) Parker, G., Paola, C., Whipple, K., & Mohrig, D. (1998). Alluvial fans formed by channelized fluvial
and sheet flow. I: Theory. Journal of Hydraulic engineering, 124(10), 985-995 .

16) Ramesht, M., Seif, A., Shahzeidei, S., & Entezarei, M. (2009). The Influence of Active Tectonic on
Morphology of Derakhtangan Alluvial Fan of (Shahdad in Kerman). Geography and Development
Iranian Journal, 7(16), 29-46. [in Persian].

17) Saddough, H., Hoseinzadeh, M., Rezaee, K., Rahmani, I., & Chezgheh, S. (2019). The Effects of
Structural characteristics of Alluvial fans on mechanical and engineering properties of soil (Chitgar
and Kan Alluvial fans). Quantitative Geomorphological Research, 7(3), 1-17. [in Persian].

18) Saito, K., Oguchi, T. (2005). Slope of alluvial fans in humid regions of Japan, Taiwan and the
Philippines. Geomorphology, 70(1), 147-162.

19) Shayan, S. (2003). Geomorphic characteristics of GAMASIAB basin. Geographical Research
Quarterly, 46, 99-113. [in Persian].

20) stanistreet, | G., & McCarthy, T.S. (1993). The Okavango Fan and the classification of subareial fan
systems. Sedimentary Geology, 85(1-4), 115-133.

21) Yamani, M., Maghsoudi, M., Ghassemi, M., & Mohammadnejad, V. (2012). Morphologic and
Morphometric Evidence for Active Tectonic Effects on Alluvial Fans in North Damghan. Physical
Geography Research Quarterly, 44(2), 1-18. [in Persian].



