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1. Introduction

The Alvand Mountains, located in northwestern Iran, represent a significant glacial region within the Zagros
Mountain range, renowned for its extensive glacial landforms indicative of past ice cover. These landforms,
including cirques, moraines, valleys, and glacial deposits, provide valuable insights into the paleoclimate
conditions and glacial dynamics during the Quaternary period. The Quaternary period, spanning
approximately the last 2.58 million years, has been characterized by significant climate fluctuations,
including multiple glacial-interglacial cycles. The Late Quaternary, in particular, witnessed the growth and
retreat of extensive ice sheets and valley glaciers, profoundly shaping the topography of mountain regions
worldwide (Aghanbati,2014).

The study of past glacial environments relies heavily on the analysis of glacial landforms and the
reconstruction of the Equilibrium Line Altitude (ELA). The ELA represents the elevation above which
snow accumulates throughout the year, and below which snow melts completely. The ELA is a critical
indicator of past climatic conditions, reflecting the balance between snow accumulation and ablation
(melting and evaporation). Reconstructing past ELAs involves the application of various geomorphological
methods, each with its own strengths and limitations (Seif and Ebrahimi, 2014).

This study focuses on reconstructing the Late Quaternary snowline in the Alvand Highlands utilizing
three widely accepted methods: The Cirque Floor Altitude (CFA) method, the Louis method, and the Hofer
method. The CFA method relies on the average elevation of the cirque floor, assuming it represents the
altitude at which ice accumulation was balanced by ablation. The Louis method utilizes the geometric
properties of the cirque, specifically the ratio of the cirque floor elevation to the maximum cirque height,
to estimate the ELA. The Hofer method considers the slope of the cirque headwall and the altitude of the
cirque floor to derive a more refined estimate of the ELA (Seif and Ebrahimi, 2016).

The objective of this research is to provide a comprehensive reconstruction of the Late Quaternary ELA
in the Alvand Highlands, highlighting the spatial variations in glacial activity and their relationship to
topographic and climatic factors. The findings will contribute to a better understanding of the regional
glacial history and provide valuable data for paleoclimatic reconstructions and landscape evolution studies.
Furthermore, the study’s results have implications for water resource management, geological hazard
assessment, and the development of sustainable tourism practices in the Alvand region.
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2. Material and Methods

2.1 Study Area

The study area encompasses the Alvand Mountains, located in northwestern Iran. The Alvand range is
characterized by steep, rugged terrain, with elevations ranging from approximately 1600 meters to 3574
meters. The area is predominantly composed of metamorphic rocks, including schist and gneiss, and
exhibits a complex geological structure that has influenced the distribution and development of glacial
landforms. The study focused on the northern and southern slopes of the Alvand Mountains, specifically
the Abbas-Abad basin (northern slope) and the Sarkan basin (southern slope).
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Figure 1 - Study Area Boundary in Hamadan Province.

2.2 Data Acquisition

The study utilized a variety of data sources to reconstruct the past snowline. These included:

Digital Elevation Model (DEM): A high-resolution DEM was obtained to create a detailed topographic
map of the study area. The DEM served as the foundation for topographic analysis and the generation of
slope and aspect maps.

Satellite Imagery: High-resolution satellite imagery was used for the identification and mapping of
glacial landforms, such as cirques, moraines, and valley glaciers.

Geological Map: A geological map of the Alvand Mountains was used to understand the underlying
lithology and structural controls on glacial distribution.

2.3 Glacial Landform Mapping

Detailed mapping of glacial landforms was conducted using both field observations and satellite imagery
analysis. Cirques were identified based on their characteristic amphitheater shape and steep headwalls.
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Moraines (lateral and terminal) were mapped as accumulations of unsorted glacial debris. Down-valley ice-
marginal deposits were identified as areas of glacial till and outwash. The spatial distribution of these
landforms was analyzed to assess the extent and orientation of past glaciers. 26 cirques were identified in
the Abbas-Abad basin and 21 in the Sarkan basin.

3. Results and Discussions

3.1 Glacial Landform Distribution

The glacial landforms observed in the Alvand Mountains demonstrate a distinct spatial pattern, with higher
concentrations of glacial features in the northern slope (Abbas-Abad basin) compared to the southern slope
(Sarkan basin). This difference may be attributed to variations in topographic relief, aspect, and slope angle.
The Abbas-Abad basin, with its steeper slopes and higher elevation, experienced more extensive glaciation
than the Sarkan basin. The distribution of cirques and moraines generally follows the flow of water and ice,
with the most extensive glacial activity occurring in the higher elevations.

3.2 ELA Reconstruction Results
The results of the ELA reconstruction using the three methods are summarized in Table 1:

‘ Basin H Method H Average ELA (m) |
| Abbas-Abad | CFA | 2821 |
| Abbas-Abad |  Louis || 2713 |
| Abbas-Abad |  Hofer || 2721 |
| Sarkan | cCcFA | 2956 |
| Sarkan |  Louis | 2798 |
‘ Sarkan H Hofer H 2772 |

As evident from the table, the ELA values obtained using the three methods are relatively consistent,
with slight variations observed due to the inherent uncertainties in each method. The CFA method yielded
the highest ELA values, while the Louis and Hofer methods resulted in lower estimates. The discrepancies
may be attributed to differences in the assumptions made by each method and the influence of local
topographic variations on glacial ice distribution (Seif and Bazvand, 2018).

3.3 Discussion

The reconstructed Late Quaternary ELA values suggest that the Alvand Mountains experienced significant
glaciation during the Pleistocene epoch. The observed variations in ELA between the northern and southern
slopes reflect the influence of topographic and climatic factors. The higher ELA in the Sarkan basin
compared to the Abbas-Abad basin may be related to lower elevations and a more humid climate in the
south (Seif and Ebrahimi 2017).

The results are consistent with other studies of Quaternary glaciation in the Zagros Mountains, which
have documented similar patterns of glacial distribution and ELA variations. The observed differences in
ELA between the northern and southern slopes may also reflect variations in the timing and intensity of
glacial advances and retreats. The fluctuations in ELA during the Late Quaternary were likely driven by
variations in global climate, including changes in solar radiation, greenhouse gas concentrations, and orbital
parameters.

4. Conclusion

This study successfully reconstructed the Late Quaternary snowline in the Alvand Highlands using the
Cirque Floor Altitude, Louis, and Hofer methods. The results reveal significant glacial activity during the
Pleistocene epoch, with variations in ELA observed between the northern and southern slopes. These
variations are likely related to topographic and climatic factors. The findings contribute to a better
understanding of the regional glacial history and provide valuable data for paleoclimate reconstructions and
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landscape evolution studies. The study highlights the importance of integrating geomorphological evidence
with quantitative methods for reconstructing past glacial environments.
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Figure 2 - Research Process Stages
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Figure 3 - ELA (Elevation-Latitude Analysis) with the Hofer and Lewis method for the northern basin (Abbasabad) and

southern basin (Sarkan).
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Table 1 - Results of reconstructing past glacial margins in selected Alborz valleys using Lewis and Hofer methods and

the Cirque Lake Method.
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Figure 4 - Glacial geomorphological features of the northern basin (Abbasabad) on a topographic map.
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Figure 5 - Glacial geomorphological features of the northern basin (Abbasabad) on a hypsometric map.
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Figure 6 - Glacial geomorphological features of the southern basin (Sarkan) on a topographic map.
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Figura 8 - Principalia characteristica geomorphologica glacialis bacchae meridionalis (Serkan) in mappa hypsometrica.

48'132E AISUE 48BE0E  4B'IBE  48'200°E  48°214O0E 48°2320°E  48'250°E 48°2640°E  48°2820°E  40°N0E 48'3THE  48'SI20E
STiiEL T e e e

S O R O S A o e e = 4 > B8 = 7 ALl T S ” /
e Lt
r-‘-ﬂ&:

314140°N
34MTON

= P | =
g 3
7 3
3 3
z | z
1, 1 &
8 B
3k 5
z 1=z
£ £
- o
g 2
4 3
3 3
= k3
5 5
g 2
3 3
z | z
3 g
& 3

i A

) ] §
o A Sy s gL UG A : B
3 G p 2k

— g
g o epbia 5 S el ) 4kl
2 O S S el ) il
g — s

T AN G D5 §auiiz 33 Ay : X 2
g_ ® - % 2T TN < ‘\%\ 3
S % e SEINE ‘.»- S
» e o SR i gﬁ%gmﬁﬁem—- (]

T L —— =
43"1320E 4B"150E 48" 16W0°E 48"1B'20°E 43°200°E 48°2140°E 48°23'20°E 48'25'0°E 48°2640°E 48°2820°E 48°300°E 48"31W0E 48'3320°E

S g 4k 65) 2 (O ) @9 409> (e (555058550955 (5 (2)lse-% USS
Figure 9. General glacial geomorphological features of the southern basin (Serkan) on the topographic map

AR



a

& wa & o s, . Ay
\ O)Lo..w NP 0,99 ARRIA )Led MM Lgoﬁ)lf @»Lw ) ;"ﬂdf/:M:lél,

SUT ole o) oy aill - - IS
Figure 10: The glacial terminus of Abbasabad Valley
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Figure 11: Lateral moraines of Abbasabad Valley
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Figure 13: Glacial terminus of Qaleh Nowruz Sarakan Valley ~ Figure 12: Glacial terminus of Sarakan Valley
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Figure 14: Glacial erratic in the Sarakan Valley
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