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Figure 1: Map of the geographic location of Green heights
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Figure 2: Longitudinal profile map of Green heights

gy 9 dlgo

Global Mapper 15 ¢ 51 eslizal b lazl o 8 Slelis)l Jose s s plolis Slles ol ol 5

e 3 oslital b e 5 o3l B 20 Ve 35 L DEM) olis)l o35, e 51 andlls 350 03 5o
Oliee Sl sovn 3 Cud T 228 gy WIS o a8 (3, ale) Hillshade <& Arc Gis10.5
Shuail bl asllae 5 40 adlaie (5505 0 w8 Jsy lads s> 5 535 syl e gl A atle
olis bl ey 5 V00 vny 31868 cbaald Lodd W g oS 5 ald .l al DEM w2 31l
Portable Basemap Server V3.1 Arc Gis sl o 5 s & o) K55S Gloslsale pslas ) Vevans
6@@;“%‘xmmﬁ;aw@udufmJa}ju;;‘ytduwmbw_momgw
oS s adke b AlE LU asile Olge la e @ ar 5 L S S A ) 03 6 s A
S oo 055 Vb 5 it S35 gl s S e OF Ga) Sl GBS e G5 Jo 5 sy 4ib
Ly 3l S aS Sla r,ﬁe.u)W;3DAnalystTools)|ﬁ|;\ oslatul L S o 20 5 Jsb b5
a0 3 eslial b pptoman S e 5 S 5 AB (555 03 STk 5 e S s s 5 Ad el el
53 el 0l at sy Mo aS e BT sy 035 5 sy akb 4 oSS 5 Llnl oS s 5 Sosds
ol 53 0 Jsd) s 8 sy 03, N-B N4 N8 N2 NFL o3 gy s S o oS 355 5 Sosikes b
wrw g o og,S pl GBS o N-2 o5 § Wlail anv s s o3 S cpl Gl e N-1 o5 5 (i 03,
318 BT Ll WlaBls anw g5 og5m 055 pl S o N-3 65 S .l N1 65 8 51 2aS Lol a5 Lal ilail
5 b gl sline o ots o 50 Sl e s b JISSEN-A 05 8 55 e ss ol 53 sy S
5 olel e eny plul ot i SWIL A5 S o 3l es S opl S it N5 65 S el ol jam s

.U\o.LiV.QM.SJngfj%écﬁscahwjjg}}g&y%wj}f@qugsﬂwsﬁ

.(Wilburg quoted by Saif,2014).

Ul W) S e (250 L) S s b 2 ol G e 58 50 (sl ey 51 oS e (5 5058550 5 50U (s
ealaul 6;:-'" oJ".L;‘) .h:}r.ﬂ (- las c;gj.:.w fﬁj" alag) CLﬁ)‘ GkSJ.:M ;ASCL&SJ‘ ‘(H) QSJ:.\.A alas’ u:’J:J""L’


http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

oS oleli)l Jrs (S yw (6 5099590 Lo yelyb Sl

4 28 S 5 (LIH) gl 4 dsb cod (LW (250 40 b s dile s el izman .ol 0l
JS8) w8 S dalg 13 o 5 s 3hse 5 (58 o3I EXCRI I8l p 5 e 53 (WIH)S o S plis)|
S e Fsb S Sl S VL s o b o)l JSE S e glaadl e ege S S (T
b Fee SOFP05e Ol 5 SOl and Gl 6ok e S 8k mlS b e p b e gla
Sl Sy oS 55 Gl S b g S e o)l e BT Cgr ol by, 51 Jle ol sl &1 S e
¥ = ax®) 05 4 Glp dbe Sl Ol e 1 oy S S b alaie oS 51 0L (55 el 03
Slestizad by 51y Jie opl 51 Il gl s g 20 1 sla S35 0L 1, (Graff, 1976) 5 5 g5l 4

el 0k e3lizad Minitab 19 531 ¢

RN
he ",‘4: \_\\ \
\Q}
N

\3

. | JE
~ “/—

d )
N
S——— —

- Cirque lengih -

VU i YL B S e il o 511 S e 4l 5 ol 45 Gl dalee KaS b S e s ek O UK
J}b sldel BL J\gﬁu’ 6‘.& ASﬂ.w el Ls‘.h (15 ‘;}Jj .CJQ-:; .(Graff, 1976)(52..&‘) W)Mb < olss \Sﬂ a,bgb
.(Wilburg, 1984) (= <)

Figure 3: Changing the cirque profile with the help of the power equation that shows the lowest point
of the cirque from the lower edge of the cirque to the highest point of the cirque wall (right) (Graff, 1976).
Hypothetical profiles of different levels of glacial cirques along the longitudinal direction (left) (Wilburg,
1984).
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Figure 4: Glacial sub-basins of Green heights
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Table 2- Spatial distribution of glacial cirques in Bidkhan heights
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Figure 5: Map of the spatial distribution of the circuses of the Green heights
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Figure 6: Spatial distribution map of the cirques of Green heights on the classified slope map
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Table 3- Classification of Green heights circuses according to Wilburg and Rodberg, Evans and Cox

methods
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Table 4- Changes in the transverse and longitudinal axes of the glacier cirques of the Green heights
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Figure 7: Chart of classification of glacier cirques of Green heights according to their longitudinal axis
characteristics
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Figure 8: Classification diagram of glacier cirques of Green heights according to their transverse axis
characteristics
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Table 5- Analysis of morphometric parameters of 93 cirques of category N1, N2 and N3 in Green heights
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Figure 9: The diagram of the relationship between the size of the N1, N2, N3 category circuses and their

longitudinal axis in Green heights
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Figure 10: The diagram of the relationship between the size of N1, N2, N3 category circuses and their
transverse axis in Green heights
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Table 6- Analysis of morphometric parameters of 52 cirques of category N4 and N5 in Green heights
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Figure 11: The diagram of the relationship between the size of the N4 and N5 category cirques and their
transverse axis in Green heights
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Figure 12: The diagram of the relationship between the size of the N4 and N5 category cirques along
their longitudinal axis in Green heights
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Figure 13: Picture of the glacier cirques of the Green heights in the Sohran glacier basin
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to the Nahavand cement factory

2SOl il Py S s s fagnl 5 sl 55 Joou
Ao She 5 Jsb e sy 2D oy Sle 8 Slelisl ;5 N3y N2 NL o3 lacS e )3
ol sk e s 2 D S0l Sl cal ss ) Sl it s S 0l 88 e S50 A
el e VYT L ol S ) 2,8 sme S0 2 8 capd S0ke 5 20 WVAYA L ol b S
Sl oldie ol 5 /AT L ol b NB N2, NL o5 oS s Jsb ) mme o b Gl (Staad o b pizan


http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

A o8 Gleldiy)l (Jlnsy ScS w5 %093 590 1 yiolyb Juloni

5 Gl Dl a3 Sl ASL 5 B>L pl by cd V5l i e e gl 8 o Sl oa
el e 03 ol G e sl lelil 3 (6 ras ]

s Gy 28 b S0k s NBSNA os) oS o Job e G5 2D oo :SOle rioan
53 Sl ASL 5B<Y oy 55 a6 Ll sanl ol 55 e 53 el ) 51 S 03, ol S o s 0
A S Gl ol Gl 5 ATOV Ll b S el sk e s 2D e ke Sl
S 58 s it Sl Sead b el e ATV Ll s S il 558 e S0
Sl a3l AV L s S o cpl Jsb e o 6l el 5 /AT L ol en) sl
S oleligl 53 JS b w ol e N5y NA o3, oS o gl Slelisl opl 53 s rasnl 5 (g el
sla Jsy 5> e aeaa NS5 N4 o35 slasS o 5l 5 JolSe 5 5 4l anw 55 N33 N25 N1 o35 oS o
53 Opomed el 0 L jlgeal ol 53 N33 N2 N1 o3, sl S o JolSS 5 anv s Eol 5 5168 0,93 )5
Slr olie cpl s Sl YVA L pl Jsb g Gl Do o DS o 2 NSINZNT 635 slacS o
Dsb g 53 NBN2NL 35 S o 4 53 ool YoT0 L il s NB 5N 35 S oo Jsb 5o
oys el 53 5 s S cpl 3 by 2i Cllad 5 S > sdas LSl oS dtes (g miy ks gl
e Sl o3 40 Dliabl mlaw LD g o Sl wals ke el Sl S o 4 e o
DRV L NS NG sy acS o 6l 5 MFYE T L NBN2NL o3 slacS oo Jsb
ol iy oS NBINZNL 63, S oo (6l Slkis ol .o

b e 3 el i S NSSNA o) GacS o 550 Hme S0 2 A il Dl
ol S e ol s o 5 e O S e sz NB s N4 o5, glasS e g0l ol 5 Jlns
03) GBS o 4 002 b5 5 S = s LS e ol ol sdd aS e o311 il Gl s,
zea SYb oles e Jsb 55 N3,N2,NL

Sl )| SasS s (B2 5 Jsb s 1 (s 251 15 dola) (Soeran ap2 5D 58 upl e Y Ui
R
Table 7- Determining the a and b coefficients and correlation coefficient (fitted power equation) for the
longitudinal and transverse axes of the Green heights circuses

wals ke O L B S G IR S ad i 3 Sy 02 S ad
g b e e | e | Sl | S S e
L5 40 Ol
/Y /Yy V/YAS /40 VAYY CYYA /A1 ARVANJ oY N5.N4 b,
o EOPTY ALY <Ay VAYA YV <A Yeve qr N3 Y RSP
N2,N1 b S e Job
NEE /XY \ JAVE | ATV | /A *JAV \ /oY oy N5.N4 F: QR
JAYVE/N4 \ JAVYE | e/AYOV | e/eaN NG q/vY qy N3 B Nt RPN
N2,N1 b S e 2,2

Br=



http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

VFe¥ Lol Qe o losds poxdy 9 St 0590 2Ll y2> sLad sode aolilad Yy

& S womi

03 A e b a3 YA 4 o S Sl Jee Gl e sduaib 5 bl gl
5 Sosks B el S plell s S 110 sl s> 5l 4 G ide Sl
Lo3 VMY L oles S s YA slias (NL 35 55 S e IS 51 o3V VVY L dsles S e VWV slins o8 s,
S e YV 3lans N3 esy 55 s S IS 51 oy YP/V 0 L dslas S s $A 3lawd (N2 635 53 S e [S 5
0> LS e IS 51 do)n Vo /T dolre s S 10 3lad 5 N4 s 53 S e IS 51 Ao )5 Y0/0Y Uslee
ol el i s laes,y S e 3l akis glaS e sliws p S Sleli)l s agls sy lelis )l
SLS s JolST 5 ann s Zol o5 o)l Dleliyl pl 3 518 ladle Sl Sl LolSe 65
el 0 03 gdee opl 3 Sl

oS e slaal 53 5 dils sk JSE S el 035 55 8 S e (Jsb e o S0le 4 5 L
Sl 2 S e Jsb e Sl B en) 53 i S e 55 ramen les S iy
Glaoys sl 53 by 035 &S > 035 55 8 oS e 53 G 5 O il Lol Ll o g
ol 48 el ol S e ol D3 Jgb e 00 i 5 baoys sldel 3 S e B xS el Slelisl ol
SNA o3y S e Js sl s o giends 53 o S Ol )l s 65 518 sladlese Culed sdias OLLS
oI5l bl A Candpe a5 L les S Iy (oS BT 5 andls (S S o2, e o NS
oS dle Jsb 55 WS o cnl 53 G 5 fo e Ll D 0 S s anels 3 it S e ol adlae gl
25 S e (S laeslps il b ol W5 e Wl sl 5l ol R NCRS IR L IR
L 355 035 b Sla S e o3I e s

A e xSk 5 b se oo 2 D oo Sk S Slelisl 53 N33 N2 NT o3 slacS o o
ol b s 630 2 D s S0le Slelil pal 5s ) Sl i S el 58 e S5
53 Sl 2 VYT L ol S e ol 8,8 s S 2 @ oy oS0k 5 2 VYA L ol s S,
Sl VSl i o255 s S B s Sl o s sk s 1 D e ke o8 S e
ke 03y ol GG e gl Slelisl pl o3 el 5 el Ll a3 ol ASL 5 B>1 ol sl
o 835 28 b SSke s NS NG 03 oS s Jsb jgmn 555 2 D b Sls e o
05 Sl AL 3 B<Y o 90 e sl Lelseal )l s 4 s ) Gl meS es, ol S e S e
Ao ©lp e ol 5 ATV L ol e Sl Jsb e g5y 2 D oo Sl Slels )l oyl
Slelis,l opl 53 Gl 5 el Sk, a3 .l e ATV Ll S e ol 55 e (S
x5 N335 N25 NI o3, oS e 00 5 Sleliyl 53 IS 5b 4 wool e N55 N4 o3, glaS e gl
JolSG 5 ann s Sl 55158 00 5 gadlasy 5 Shes iz N5 N4 o35 saS e 5l 5 JolSae 5 5 anily

C,.w‘ ol Lﬁd)‘jﬂb w|)bN3‘9N2j Nl 02 ) LSL“ ng.:.w


http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

Yy o8 Gleldiy)l (Jlnsy ScS w5 %093 590 1 yiolyb Juloni

References

- Adediran, A. O., Parcharidis, ., Poscolieri, M., & Pavlopoulos, K. (2004). “Comput-
erassisted discrimination of morphological units on north - central Crete (Greece) by applying
multivariate statistics to local relief gradients”. Geomorphology, 58(1), 357-370.
DOI:10.1016/j.geomorph.2003.07.024.

- Alonso, V. (1994). “Analisis de los circos glaciares en las cabeceras de los rios Narcea,
Ibias y Sil. Cordillera Cantabrica (NW de la Peninsula Iberica)”. Cuaternarioy Geomor-
fologia, 8 (1-2), 109-121. http://tierra.rediris.es/CuaternarioyGeomorfologia/images.

- Baranipour, 1., & Saif, A. (2022). “Identification, classification and analysis of morphometric
indices of glacial cirques in Silweh Basin”. Quantitative Geomorphology Research, 2, 32-51.
DOI:10.22034/gmpj.2022.319502.1323. [In Persian].

- Biranvand, H., & Saif, A. (2021). “Morphometric parameters of glacial cirques in the central
highlands of Kerman province”. Geography, 19, No. 71, 129-149.
DOl:https://orcid.org/0000-0002-6880-1651. [In Persian].

- Biranvand, H., & Saif, A. (2019). “Identification, classification and morphometry of glacial
cirques in Jopar highlands of Kerman”. Quantitative Geomorphology Research, 4, 63-80.
DOI:https://orcid.org/0000-0002-6880-1651. [In Persian].

- Dehn, M., & Dikau, R. (2001). “Principles of semantic modeling of landform structures”.
Computers, Geosciences, 27 (8), 1005-1010. DOI:10.1016/S0098-3004(00)00138-2.

- Delmas, M., Gunnell, Y., & Calvet, M. (2015). “A Critical appraisal of allometric growth
amongAlpine cirques based on multivariate statistics and spatial analysis”. Geomorphology,
228, 637- 652. https://doi.org/10.1016/j.geomorph.2014.10.021.

- Derruau, M. (1990). “Les formes du relief terrestre: Notions de géomorphologie”. Part
of: Géographie, Armand Colin, pub. 240p. ISBN 10: 2225841314 ISBN 13: 9782225841316.

- Ebrahimi , B., & Seif, A. (2017). “Morphometric properties of glacial cirques in Zagros
mountain”, Iran. Geopersia, 7 (1), 131-151. DOI: 10.22059/jgeope.2016.59236.

- Etzelmgller, B., & Sulebak, J. R. (2000). “Developments in the use of digital elevation
models in periglacial geomorphology and glaciology”. PhysischeGeographie, 41, 35— 58.
https://www.researchgate.net/publication / 285427262.

- Evans, I. S., & Cox, N.J. (1974). “Geomorphometry and the operational definition of
cirques”. 6, 150-159. https://scholar.google.co.uk/citations?view_op.

- Evans, I. S. (1997). “Process and form in the erosion of glaciated mountains”. In: Stoddart,
D.R. (Ed.), Process and Form in Geomorphology, Routledge, London, 145-174.
https://durham- repository.worktribe.com/output/1672976.

- Evans, 1. S. (2006). “Allometric development of glacial cirque form: geological, Relief and

regional effects on the cirques of Wales”. Geomorphology, 80 (3-4), 245-266.
DOI: 10.1016/j.geomorph.2006.02.013.


http://dx.doi.org/10.1016/j.geomorph.2003.07.024
http://dx.doi.org/10.1016/S0098-3004\(00\)00138-2
https://doi.org/10.22059/jgeope.2016.59236
https://www.researchgate.net/publication%20/
http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

VFe¥ Lol Qe o losds poxdy 9 St 0590 2Ll y2> sLad sode aolilad Yy

- Evans, 1. S. (2009). “Allometric development of glacial cirques: an application of specific
geomorphometry”. Proceeding of Geomorphology, Zurich, Switzerland, 31 August — 2
September. http://www.geomorphometry.org/uploads.

- Evans, I. S. (2011). “Geomorphometry and landform mapping: what is a landform?”.
Geomorphology, 3, 341-354. DOI:10.1016/j.geomorph.2010.09.029.

- Evans, 1., & Cox, N. J. (1995). “The form of glacial cirques in the English Lake District”,
Cumbria. Zeitschrift fir Geomorphologie, 39 (2): 175-202. DOI: 10.1127/zfg/39/1995/175.

- Federici, P. R., & Spagnolo, M. (2004). “Morphometric analysis on the size, shape and areal
distribution of glacial cirques in the maritime alps (Western French-Italian Alps)”. Article in
Geografiska Annaler, Series A, Physical Geography, 86(3), 235 - 248.
https://doi.org/10.1111/j.0435-3676.2004.00228.x.

- Garcia, J. M., Gémez-Villar, A., Ortigosa, L., & Marti-Bono, C. (2000). “Morphometry of
glacial cirques in the Central Spanish Pyrenees”. Geografiska Annaler, 82A, 433-442.
https://doi.org/10.1111/].0435-3676.2000.00132.x.

- Graf, W. L. (1976). “Cirques as glacier location”. Arctic and Alpine Research, 8, 79-90.
https://www.jstor.org/stable/1550611?seq=1.

- Hughes, P.D., Gibbard, P.L., & Woodward, J. C. (2007). “Geological controls on
Pleistocene glaciation and cirque form in Greece”. Geomorphology, 88(3-4), 242- 253.
DOI:10.1016/j.geomorph.2006.11.008 .

- Lopes, L., Oliva, M., Fernandes, M., Pereira, P., Palma, P., & Ruiz-Fernandez, J. (2018).
Spatial distribution of morphometric parameters of glacial cirques in the Central Pyrenees
(Aran and Boi valleys), J. Mt. 15(10), 2103-2119.
https://link.springer.com/article/10.1007/s11629-018-4873-x

- Mri"ndrescu, M., Evans, I. S., & Cox, N. J. (2010). “Climatic implications of cirque
distribution in the Romanian Carpathians: palaeowind directions during glacial periods”.
Journal of Quaternary Science, 25(6), 875 - 888. DOI:10.1002/jgs.1363.

- Mosivand, M. (2005). Engineering geological survey of green Nahavand dam construction,
Master's Thesis, Bo Ali Sina University, Faculty of basic sciences. [In Persian].

- Pellitero, R., Barr, 1., Spagnolo, M., & Omkins, M. (2024). “Morphometric analysis of
cirques on the Iberian Peninsula provides insights into climate during past glaciations”,
Geomorphology, 461, (15), 109- 318. https://doi.org/10.1016/j.geomorph.2024.109318.

- Pike, R. J., & Dikau, R. (1995). “Advances in Geomorphometry - Proceedings of the
Walter F. Wood Memorial Symposium”. International Conf on Geomorphology, Mc-
Master University, Hamilton/Ontario, Canada, pub. 238p. ISBN 978-3-443-21101-1.

- Pike, R. J, Evans, I. S., & Hengl, T. (2009). “Geomorphometry: A brief guide,
developments in soil science”. Elsevier, 33, 3-30. https://doi.org/10.1016/S0166-2481 (08)
00001-9.



http://dx.doi.org/10.1016/j.geomorph.2010.09.029
https://doi.org/10.1127/zfg/39/1995/175
https://doi.org/10.1111/j.0435-3676.2000.00132.x
https://www.jstor.org/stable/1550611?seq=1
http://dx.doi.org/10.1002/jqs.1363
https://doi.org/10.1016/S0166-2481
http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

Yo o8 Gleldiy)l (Jlnsy ScS w5 %093 590 1 yiolyb Juloni

- Principato, S, M., & Lee - Boreas, J, F. (2014). “GIS analysis of cirques on V estfirdir,
northwest | celand: implications for palaeoclimate”. Boreas journal an international
journal Quaternary research, 43, (4), 807-817. https://doi.org/10.1111/bor.12075.

- Qhanavati, E., & Beheshti, J. A. (2014). “New methods and techniques drawn maps
geomorphology”. Tehran University, pub. 306p. https://www.gisoom.com/book/11002238.
[In Persian].

- Qobadi, M. (2018). “Geology of karst engineering”. Hamadan: Bo Ali Sina University, pub
second edition, 320. https://www.gisoom.com/book/1725637. [In Persian].

- Seif, A., & Ebrahimi, B. (2014). “Combined use of GIS and experimental functions for the
morphometric study of glacial cirques, Zardkuh Mountain, Iran”. Quaternary International,
353(9), 236-249. DOI:10.1016/j.quaint.2014.07.005.

- Seif, A., (2014). “Pleistocene glacial cirques in the heights of Green Zagros”. the first national
conference of application and quaternary sciences in the understanding of environmental
processes and the second national conference of the Quaternary Association of Iran, January
20, Isfahan University, 6-1. https://sid.ir/paper/830403/fa. [In Persian].

- Simgek, M., Oztiirk, M., Z., Yesilyurt, S. & Utlu, M. (2023). “Morphometric characteristics
and paleogeographic implication of glacial cirques in Eastern Black Sea Mountains
(Turkiye)”. Geomorphology, 441, (15), 10888. DOI:10.1016/j.geomorph.2023.108889.

- Steffanova, P., & Mentlik, P. (2007). “Comparison of morphometric characteristics of
cirques in the Bohemian Forest”. Silva Gabreta, 13 (3), 191-204.
https://www.researchgate.net/publication/237677245.

- Vilborg, L. (1984). The cirque forms of Central Sweden. Geografiska Annaler. 66 A
(1-2): 41-77. https://doi.org/10.1080/04353676.1984.11880099.

- Vilborg, L. (1977). The cirque forms of Swedish Lapland. Geografiska Annaler, Series A,
Physical Geography, 59, (3/4), 89-150. DOI:10.1080/04353676.1977.11879948.

- Yarahmadi, A. M. (2012). Analysis of factors affecting the formation of Quaternary glacial
morphology in Ashtrankoh. Doctoral dissertation. The field of natural geography. Islamic Azad
university, science and research Branch, Faculty of Literature and Humanities. [In Persian].

El


http://dx.doi.org/10.1016/j.quaint.2014.07.005
https://www.researchgate.net/publication/237677245
https://doi.org/10.1080/04353676.1984.11880099
http://dx.doi.org/10.83252/geospa.2025.2.4083
http://geographical-space.iau-ahar.ac.ir/article-1-4083-fa.html

[ Downloaded from geographical-space.iau-ahar.ac.ir on 2026-10-31]

[ DOI: 10.83252/geospa.2025.2.4083 ]

VFe¥ Lol Qe o losds poxdy 9 St 0590 2Ll y2> sLad sode aolilad Y5

Analysis of morphometric parameters of glacial cirques in the Green Heights
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Abstract

The Morphometric and allometric studies of glacial cirques allow for the investigation of
vertical and regional development, degree of evolution, direction of development, relationship
between the orientation of these landforms with topographic prominence, structural condition
of bedrock and climatic factors. The aim of this study is to identify, classify and analyze the
morphometric and allometric parameters of glacial cirques of the Green Heights in Lorestan
Province. After identifying 38 glacial sub-basins, 145 glacial cirques were identified in the
region and plotted on a classified slope map in two linear and polygonal formats. The cirque
classification operation was carried out based on the methods of Wilburg and Rodberg, Evans
and Cox. For the morphometry of these cirques, parameters such as (L), (W), (H), (L/W),
(L/H), (W/H) and cirque size were used, and their morphometric and allometric
characteristics were extracted and analyzed by fitting power models to the longitudinal profile
of the cirques. According to the results of the research, there are 17 cirques of category N1, 28
cirques of category N2, 48 cirques of category N3, 37 cirques of category N4 and 15 glacial
cirques of category N5 at these altitudes. In cirques of categories N1, N2 and N3, the average
b coefficient on the longitudinal axis and the average a coefficient on the transverse axis of
these cirques are greater than 1. As a result, the allometric and isometric behavior at these
altitudes is positive for cirques of this category. Also, the average coefficient b on the
longitudinal axis of the N4 and N5 category cirques and the average coefficient a on the
transverse axis of the cirques of this category are less than 1. As a result, the allometric and
isometric behavior at these altitudes is negative for these cirques.

Keywords: Allometry, glacial cirques, morphometry, Green Heights.

Introduction

The shape of cirques is a reflection of topographic and geological factors, the type and
duration of glacial impact. The structure of rock, joints and cracks are important factors in the
shape of the cliffs and the depth of the cirque basin. When the height of the peak in a
mountain slightly exceeds the permanent snow line, glaciers often settle in cirques. Therefore,
glacial cirques are considered as one of the typical landforms of glacial territories and an
important indicator in paleo-tracing. Accurate identification and morphometric and allometric
analyses of cirques will help to understand their degree of evolution and help
geomorphologists in more accurate reconstruction of paleoenvironments and correct
estimation of the height of the Quaternary glacier equilibrium line.
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Materials and Methods

To identify the glacial cirques of the Green Heights, the study area was first cut from the
digital elevation model (DEM) with an accuracy of 10 meters using Global Mapper software,
and then, using Arc Gis10.5 software, a Hillshade map (light shade), a classification slope
map, a slope direction map, and rate curves were created. For greater accuracy and to increase
the accuracy of the work, the longitudinal and transverse profiles of the cirques were drawn
using 3D Analyst Tools, and the landforms that were real cirques were identified and drawn
in two linear and polygonal formats on the composite map. Also, the classification and
ranking of the glacial cirques were carried out using the Wilburg and Rodberg, Evans, and
Cox methods. Morphometric parameters including: cirque length (L), cirque width (W),
height of the highest point of the cirque (H), cirque floor height, cirque outlet height, area,
perimeter, and cirque size were used for analysis and morphometry of the cirques. Also,
parameters such as length to width ratio (L/W), length to height ratio (L/H), and width to
height ratio of the circus floor (W/H) will be measured and analyzed in the Excel software
environment.

Results

The study area was divided into 38 glacial sub-basins. In the heights overlooking these sub-
basins, 145 glacial cirques were identified and mapped based on new geomatic methods.
According to the Wilburg and Rodberg method, there are 17 cirques in category N1, 28
cirques in category N2, 48 cirques in category N3, 37 cirques in category N4 and 15 glacial
cirques in category N5. The average longitudinal axis of cirques in categories N2, N1 and N3
of Green Heights is 2.908 m with a coefficient of variation of 72.37 m and the average
transverse axis of cirques in this category is 3.785 m. As a result, cirques in this category are
extended in the longitudinal direction and have a longitudinal shape and have spread along the
valley. So that the average length to width ratio of these circuses is 1.1644 meters with a
coefficient of variation of 9.66 meters. In the Green Heights, the average longitudinal axis of
the N4 and N5 category circuses is 500 meters and the average transverse axis of these
circuses is 429.9 meters with a coefficient of variation of 28.45 meters. The average length to
width ratio of these circuses is 1.675 meters. As a result, the circuses of this category, like the
N2, N1 and N3 category circuses, have an elongated and longitudinal shape and are spread
along the valley. In the N1, N2 and N3 category circuses in the Green Heights, the average
coefficient b on the longitudinal axis and the average coefficient a on the transverse axis of
these circuses are greater than 1. At these altitudes, the average coefficient b on the
longitudinal axis of these circuses is 1.128 meters and the average coefficient a on the
transverse axis of these circuses is 1.122 meters. Also, the correlation coefficient for the
longitudinal axis coefficient of the circuses of the N1, N2, and N3 categories is 0.96, and this
value for the transverse axis coefficient of these circuses is 0.87. In these circuses, both the
average coefficient b for the longitudinal axis and the average coefficient a for the transverse
axis are greater than 1, so B>1 and A>1. As a result, the allometric and isometric behavior at
these altitudes for the circuses of this category is positive. Also, the average coefficient b on
the longitudinal axis of the N4 and N5 categories and the average coefficient a on the
transverse axis of the circuses of this category are less than 1. As a result, in these
irregularities, for both coefficients, 1>B and A<1. At these altitudes, the average coefficient b
on the longitudinal axis of these cirques is 0.9357 and this value for the coefficient a on the
transverse axis of these cirques is 0.9307 m. The correlation coefficient for the transverse axis
coefficient of cirques of this category is 0.96 and this value for the longitudinal axis
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coefficient of these cirques is 0.87. As a result, the allometric and isometric behavior at these
altitudes is negative for cirques of categories N4 and N5.

Conclusion

According to the average longitudinal axis of the cirques of both categories, these cirques
have a longitudinal shape and have expanded along the valley. Also, in the glacial cirques of
both categories, the coefficient of variation of the longitudinal axis is greater than the
coefficient of variation of their transverse axis. The accumulation of ice and snow in the
cirques of both categories, the movement of the glacier along the valleys of these heights has
caused the cirques to expand along the valleys and the longitudinal axis to increase in these
cirques, which indicates the activity of Quaternary glaciers in the Green heights in the Late
Pleistocene. However, the cirques of categories N4 and N5 have expanded less in the
transverse direction and have evolved little. Due to the rugged geographical location of the
region, these cirques are mostly located on the southern slopes of Green. The accumulation of
ice and snow in these cirques is low throughout the year, and this amount of snow, ice, and
water resulting from their melting cannot cause erosion of the side walls of the cirques. As a
result, the size of the cirques of this category is not large.
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