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ARTICLEINFO ABSTRACT

Keywords Reconstruction of ancient snow borders in the mountainous regions of
Late Quaternary Iran is one of the important ways to investigate the evolution of past
Hofer and Lewis method climatic geomorphology. Meanwhile, the precise identification of
permanent boundary snow glacial effects and the limits of their expansion in the mountainous
geomorph_lc evidence regions of Iran is considered the best key for morphoclimatic and
Green Heights morphodynamic demarcations. The main goal of this research is to

reconstruct the elevation of the snow boundary (ELA) of the late
Quaternary in the Green Heights located in the Middle Zagros. For the
reconstruction of ELA, the digital database, geomatic techniques,
frequent field visits and glacial geomorphic evidence, including
terminal moraines, have been used. A GPS device was used to
determine the height of the moraines and to determine their position,
and reconstruction calculations were performed using the Hofer, Lewis
and Cirque Porter methods. After preparing the required layers, finally,
the geomorphological map of the area was drawn and the exact
location of the moraines was determined on it. The results show that
based on climate statistics, the current ELA level has been
reconstructed at an altitude of 4577 meters. The average height of the
total snow border located on the northern slopes of the Green Heights
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Extended Abstract

Introduction

Perhaps one of the most controversial topics in geomorphology is the debates related to the
Quaternary climate changes and the legacies of these changes. Iran has attracted the attention of
many researchers due to its great diversity in its geomorphological environments and the
widespread nature of these forms. Investigating the Quaternary climatic changes and its climatic
legacies is one of the most interesting topics in Iran's geomorphology. In the meantime, the
investigation of glacial effects and the extent of their expansion in the mountainous regions of
Iran is considered the most important for morphoclimatic and morphodynamic demarcations.
Quaternary climatic changes have played a special role in the current landforms of Iran. The
change of the snow territory of the permanent boundaries in the Quaternary is one of the results
of these developments.

Methodology

Using frequent field visits, the end moraines along the main valleys were identified and their
height was measured using GPS. To prepare the geomorphological map, first, using the Global
Mapper 18 software, the study area was cut from the DEM map with an accuracy of 10 meters
(obtained from the Aster satellite). Then, a bright shadow map, a geological map with a scale of
1:100,000, a slope map, a slope direction map and degree curves were made. In order to
determine the exact boundaries of the sub-glacial basins, the hydrological map of the studied
area was made based on Staller's classification from the DEM map. Using Arc Gis 10.5 and
Portable Basemap Server V3.1 software, 1/50000 topographic maps and layers created with
Google Earth satellite images were created and a combined map was created. The
geomorphology map of the area was drawn using Arc Gis 10.5 software. Then, by using
terminal glacial moraines, the height of the snow line of the permanent border has been
reconstructed using the Lewis, Hofer method and the height of the Cirque Porter floor.

Result and discussion

According to the figure above and the linear relationship obtained between the average annual
temperature and the height of ELA meteorological stations, it was calculated to be 4577 meters
in the study area.

According to the height of the final moraines in Gachal Valley and based on the Lewis method,
the lowest ELA is 2700 meters and the highest is at 2898 meters. According to Hofer's method,
the lowest ELA is at the height of 2610 meters and the highest is at the height of 2808 meters.
According to the height of the final moraines in Taznab Valley and based on the Lewis method,
the lowest ELA is 2636 meters and the highest is at 2687 meters. According to Hofer's method,
the lowest ELA is at the height of 2511 meters and the highest is at the height of 2562 meters.
According to the height of the final moraines in Gamasiab Valley and based on the Lewis
method, the lowest ELA is 2752 meters and the highest is at 2884 meters. According to Hofer's
method, the lowest ELA is at the height of 2673 meters and the highest is at the height of 2806
meters. According to the geomorphic evidence and the height of the terminal moraines in the
sub-basin of Sohran glacier and according to the Lewis method, the highest ELA in this sub-
basin is located at an altitude of 3153 meters. According to Hofer's method, ELA is located at an
altitude of 3097 meters. According to the geomorphic evidence and the height of the terminal
moraines in the Venai sub-basin and based on the Lewis method, the lowest ELA in this sub-
basin is 2876 meters and the highest is 3196 meters. According to Hofer's method, the lowest
ELA in this sub-basin is at an altitude of 2791 meters and the highest is at an altitude of 3119
meters. According to the geomorphic evidence and the height of the terminal moraines in the
collider sub-basin and based on the Lewis method, the lowest ELA in this sub-basin is 2814
meters and the highest is 2854 meters. According to the geomorphic evidence and the height of
the terminal moraines in the sub-basin of Ab Sarda glacier and according to the Lewis method,
the lowest ELA in this sub-basin is 3036 meters and the highest is 3146 meters. According to
Hofer's method, the lowest ELA in this sub-basin is at an altitude of 2946 meters and the highest
is at an altitude of 3053 meters. According to the geomorphic evidence and the height of the



terminal moraines in the VVorkhash sub-basin and based on the Lewis method, the highest ELA
in this sub-basin is 2817 meters. According to Hofer's

method, the highest amount of ELA in this sub-basin is located at an altitude of 2786 meters.
According to the Lewis method, the lowest ELA in this sub-basin is 2722 meters and the highest
is at 3040 meters. According to Hofer's method, the lowest ELA in this sub-basin is at an
altitude of 2652 meters and the highest is at an altitude of 2970 meters.

Conclusion

The calculation results of the reconstruction of the height of the past snow border based on the
lowest number of the end moraines and the application of Hofer and Lewis method in the
selected basins of the northern slopes of the Green Heights are as flows: in Gachal basin using
the Hofer method 2610 meters and Lewis method 2700 meters, in Taznab basin using Hofer
method 2511 meters and Lewis method 2636 meters, in Gamasiab basin using Hofer method
2673 meters and Lewis method 2752 meters, in Sohran basin using Hofer method 2764 meters
and the Lewis method 2820 meters, in the Venai basin using the Hofer method 2100 meters and
the Lewis method 2791 meters, in the Collider basin using the Hofer method 2798 meters and
the Lewis method 2814 meters. Also, the average height of the total snow border located in the
northern slopes was estimated to be 2531 meters and 2739 meters, respectively, by Hofer and
Lewis methods. The results of calculations in the selected basins of the southern slopes of Green
are: in Absardeh basin using Hofer method 2946 meters and Lewis method 3036 meters, in
Warkhash basin using Hofer method 2786 meters and Lewis method 2817 meters and in
Kohman basin 2652 meters were estimated using the Hofer method and 2847 meters using the
Lewis method. The average height of the total snow border located on the southern slopes of
these heights is estimated to be 2795 meters and 2847 meters, respectively, by Hofer and Lewis
method.
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