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ABSTRACT

Glacier cirques show the characteristics of past glaciers and climates. In this research,
the analysis of 39 glacial cirques in the catchment area of Jajrud River was done. For
this purpose, Arc GIS software and Google Earth images were used. The parameters of
length, width, height of the top of the circus, height of the floor of the cirques , area,
perimeter, ratio of length to width, ratio of length to height of floor and ratio of width
to height of floor were used to check the morphometry of cirques. For each of the
morphometric parameters, statistical factors of coefficient of variation, standard
deviation, average, maximum and minimum were calculated and estimated in Excel.
Then R2 values or coefficient of determination were estimated for each of the
parameters and a scatter diagram was drawn. Finally, the correlation matrix was
estimated using the Pearson correlation coefficient for all factors. The highest
abundance of cirques is located in the southwest direction. The maximum height of the
cirques is 3800 meters and belongs to the geographical direction of the south.The
highest correlations between length and width parameters were observed at the rate of
0.9936. The results show that the cirques in the north-facing slopes have a lower height.
This indicates the high nutrition of these cirques and their significant volume in the
Pleistocene period. Investigations showed that more developed cirques have more area,
less height and less length to width ratio than less developed cirques.
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Extended Abstract

Introduction

During glacial periods, cirques were the first areas to be covered by ice, while during interglacial periods they were the
last to leave the ice. Cirques were present in almost all the past glacial regions and their development was related to
the past climate. Therefore, Cirquesprovide information about past climates (Barr and Spagnolo, 2015: 53). For
example, the size and shape of the cirques are a reflection of the dynamics of the past glaciers, and the azimuth of the
cirques indicates the direction of the past winds and past climatic conditions. In addition, the height of the circus floor
indicates the height of the balance line during the glacial period (Pelto, 1992: 46., Porter, 1964: 482., Williams, 1975:
174). Topography and geology have also influenced the morphology of glacial cirques. In some cases, non-climatic
factors play a decisive role (Walder and Hallett, 1986: 30, White, 1970: 128). Glacier cirques are semi-circular pits that
are open in the downstream direction of the slope and the upstream parts are enclosed by steep walls. These forms exist
in many mountain ranges of the world and indicate the process of erosion due to the action of glaciers during tens and
hundreds of thousands of years (Evans, 2006: 250). Cirques have long been used as a direct indicator in identifying the
extent and nature of past glaciations and Pleistocene climatic conditions.

Methodology

Jajrud watershed is located in the geographical coordinates of 51°22' to 51°52' east longitude and 35°45' to 36°50' north
latitude. The area of this basin equals to 1890 square kilometers and it is located on the southern slope of the Alborz
Mountain range and in the northeast of Tehran city. In this research, 39 glacial cirques were identified in the Jajrud
watershed using Google Earth images and the topographic map of the area. The curves were examined and validated
with Google Earth satellite images and portable base map server software to identify the cirques. Then, a TIN map and
then DEM were drawn using a topographic map. Next, the maps of the slope and the direction of the slope were drawn.
For all cirques, longitudinal profiles were prepared using Arc GIS software, and morphometric parameters were
estimated based on this. This research aimed to investigate the morphometrics of cirques, therefore, the parameters of
length, width, height of the top of the cirques, height of the cirques floor, area, perimeter, ratio of length to width, ratio
of length to height of the floor and ratio of width to height of the floor were calculated for all cirques. Then R2 values
or coefficient of determination were estimated for each of the parameters and a scatter diagram was drawn. Finally, the
correlation matrix was estimated using Pearson's correlation coefficient for all factors and their relationship with each
other and their role in the formation of glacial cirques and their location relative to the geographical direction and height
were identified. It should be noted that the position of the glacial cirques was drawn in two ways: linear and polygonal.

Results and Discussion

The study of the distribution of glacial cirques showed that out of the 39 glacial cirques identified in the region, the
highest frequency of glacial cirques belongs to the geographical direction of the southwest in the amount of 9 cirques.
The frequency of this section was estimated to be 23.07% of all cirques. Some of the highest glacier cirques with
altitudes of more than 3200 meters were identified in this region. After that, there are 8 circuses with the south direction
in the next place. The frequency of this part is equal to 20.5%. In other words, about 44.2% of all circuses have been
identified only in these two directions. In this range, the slopes facing the sun and facing the sun have not had an effect
on the formation of cirques. It is clear that the direction of the high-pressure current of Siberia should mainly affect the
geographical directions of the north, which carries the moisture of the Caspian Sea but such a situation has not been
observed in this basin. Therefore, the reason for the formation of these cirques should be searched in the heights of this
region and the special climatic conditions of the period Pleistocene.

Conclusions

In this basin, the elongated cirques are stretched in the geographical direction of the south and have higher values. These
cirques represent the alternating process of melting and freezing in the direction with the highest amount of solar
radiation. Therefore, the feeding of these cirques was not done well and they did not have a significant depth. The
opposite of this process can be observed in the slopes to the north. In these domains, the ratio of length to width is low
and is almost close to 1. In this region, cirques are typical and have high depth and nutrition. In the analysis of the
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correlation matrix, it can be seen that the highest correlation between length and width is 0.9936, which has the highest
correlation between all parameters. The highest amount of negative correlation is 0.4246 between the parameters of
length-to-width ratio and floor width-to-height ratio. According to the investigations, the morphometric analysis of
glacier cirques has provided useful information about past climatic conditions and can show the amount of nutrition,
volume, and the lowest level of development of glaciers.
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Fig (6): Topographical map of the Jajrud watershed and the location of the cirques identified in the Jajrud river basin
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Fig (7): Number of glacier cirques in different geographical directions
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Table (1): Frequency percentage of glacial cirques in Jajrud river basin
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Table (2): Maximum height of cirques according to geographical direction
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Table (3): Morphometric parameters of glacia cirques of Jajrud river basin
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Table (4): statistical analysis of morphometric parameters of glacial cirques in Jajrud river basin
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Fig (8): longitudinal profile of glacial cirques with a high ratio of two-dimensional length to three-Dimensional length
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Table (5): Pearson's correlation coefficient values of the parametric variables of the glacial cirque of Jajrud river basin

Ly Comws | Job Comms | Job o Sl Sl | Mgy | MJsb | KMbuzxo | KM2eobuo S el )y
eW)la eWi)la PN Mgl melis | G093 90
s s
< [b£AY RIS —+[+qA < JAAYA —+/YSA | -/AVYY | -/avay <[AY-Y V| km2estiw
< 18-YY < JOFYY —e[Y </AYEY —eIYOYD | +/A%NY | /AAVY \ km o
- [00FY NG AL < /20Y¥f —«IYYYD | -/aav® \ mJeb
- 16Y04 NINatd —feep -/aFFa —+IYYYA \ Mo
EATA ENARA S IYYVO EANRAS \ JUi{Res
metss .l
SEYAY - [OYF NANeZ4 \ Sl
—-[fY¥P YRR \ Jgb Comms
S IVYEY \ Job o
\ 4 Ly o

Ty

\Fo ¥ j;la_ ‘V?o)uc\' e)}:c‘_;j}.‘}é)}a}sjj)-\:.h



\F"‘j;\i d"f’a)u..hh a)j}k&j)}é)}ﬂjj})u\:ﬁ

VeV 5L FF ojlods e 090 S3P985909595042

Sl Sy s y0sdy50 el 0 Fge sla e plad (ol aplne Lo yally (oolad (gl RE G (el g po polie cigld o
@Y e S G3gane S (i L D e § ST Jloged 5 003,531 (el 90 4 90 D0 & I
oanlive [AAVY i ay oye g Job ol 90 o 50 i cu o lime G yiies ol ools iolad Lyt Jlogad g ouls sl
OLid 1y By 0pusd g oo lian g 00 (Jxdn S e )3 (g g (SadS 0aiad (Lad sl (o o (6580 9 yalil g0 cpl
Lily) S e lte 9 8] Sless G (Sobe 4 0B ovmlie <[PV sl o po polie 1 i)l g L yebly (e (o0
9 YL sl 511,05 2 slo S e a5 0l osaline Jwn slo S e il Cudge Jdod 0 (A SOl o555 2V
Sl 4 pdy U555 sbye (Sugk) e Sumdg 5l sl Gl g ead @Bly Jled (oldlr Cuz 50 (e 4 sk S o8 polie
Sl S W g 009 Jl Gloj 5l 5 by (o318 550 B a3 g 009 22l Sl o 5l glitte gty 090 (sol8l Ll ]

il 035y oy Gl goaldl oy 5l sanlsds sy

pli )l Jilas 5 Jsh (ES1 5 Jlasa Uae 5 Jsh JASIy s
=0 R?=0.9072 000 R*=0.9874 2
300 i ®
- 2500
E -.Q.-’ o..@ g
& 250 -r‘. 4 o0 F
: q 20 o
3 2000 g N '."
:\’ L 1500
1500 ? ..”
1000 o®
] 1000 4 L4
ES
500 500
0 0
0 500 1000 1500 2000 2500 3000 3500 4000 4500 0 500 1000 1500 2000 2500 3000 3500 4000 4500
S gl S a sl
gl ) Jilaa 4 L o L)) BBl g i je IS o gl
3500 3500
R?=0.8738 R?=0.893 .
3000 _'_A'r-" * o 3000 “.'.._,_A.-. °
K| o me 4 om ees
& 2500 f 3 2500 Y o
3, 200 B (] ,.f‘ 2000 .’
3 3
1500 1500
}' 1000 .i 000
10 Kl
500 500
0 0
2 4 6 8 10 12 0 500 1000 1500 2000 2500 3000
FastS gl - s
B T T o Lo BE) 0 o) ead
Uage glam Sy o gad Jsb gluaa GBS gl gal
3500 | p= 5000
R=0s826 R?=0.9638
2000 4500
3 - 4000 : o ®
; 2500 P g 3500 ".
o -
» 2000 .'. 2 3000 Py
. =
1500
] 2000
.
. f
4, 1000 .‘ 4, 1500 o8
1000
500 <00
0 0
0 2 4 6 8 10 12 0 2 4 6 8 10 12
FPKT- SR T Fasl e s Luas

re



Al b g e FER (B S g 00l J S g ol yly (6 y0g 90 Judxd

9

Jsh g Cabiea (HS) 5 jlagal gl gl Jilas 5 Cialise () 5 o sl
5000 . 3500 . .
2 R'=0.9589 .79
fto? e 00 | e e X
4000 e F 1 = r R *
-3 3500 Lo = 2500 -

Y 200 ’ R y
2 3000 K 3 2000

] 2500 W h

1 2000 1 1500

4 1500 1000
3

L)
1000
500
500
o 0
0 1 3 4 6 7 8 0 1 2 4 5
e FeslS a i Calin e Jiagl€ Cuin p Calin
&1 o) 40 L \ “iale 281 1o o3 et
gla Lig uage g aablus GES) 0 o gad
& | R*=0.600. 00

R? = 0.9466

14 . '
2500
]
5 'Y e
12 (] N &
2000
1 ege 0 N f
¥ o8 8 5 W
0.8 e® . 1500 /
E] . ~
506 oo #-9¢ &
1 '.-._.,‘ " e "o 3, 1000 P
0.4 1] N
0.2 500
0
1 1 2 2 1 2 4 6 8

39,2yl adge Jlxsy slo Oy G 093590 Sl elyl SISy 510905 :(R) JS
Fig (9): distribution chart of morphometric parameters of glacial cirques of Jajrud river basin
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