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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
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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
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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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Figure 14: Image of the glacial cirques of the Green heights, actually on the northern slopes adjacent
to the Nahavand cement factory
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Table 7- Determining the a and b coefficients and correlation coefficient (fitted power equation) for the
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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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