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1. Introduction

Mountain glaciers are efficient erosional processes that occupy both valley floors and sides (Evans et al,, 2013:
46). Plio-Pleistocene climate has provided evidence of multiple cycles of glacial advance and retreat in
mountain valleys, which have a landscape that is more different from that created by fluvial erosion (Raymo,
1994: 354). Glaciers have widened valleys, flattened valleys, created multiple valley steps, deepened valley
floors, and provided conditions for the suspension of tributary valleys (Montgomery, 2002: 1047; Hook, 2024:
4). Glacial-geomorphic landforms, especially valleys and glacial cirques, help reconstruct the region’s paleo

glacial environment (Dar et al, 2021: 150).

This paper focuses on the evolution of valley cross-section profiles based on ice mass balance with valley
cross-section, which evolved over timescales of thousands to hundreds of thousands of years. Since our
understanding of these processes and their interactions is incomplete, and the timescales over which these have
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changed are much shorter than the time over which valley morphology has evolved, the remnants of valleys
allow the researcher to reconstruct the ultimate extent of Quaternary glacial expansion using methods that rely
on a set of simple assumptions. The aim is to understand the erosional legacy of glacier advance in the northern
highlands of Zanjan, in general and in the Sarmasaglou valley in particular, which are very different in terms of
glacial characteristics from other glacio-fluvial valleys in the region.

The 800 km long Qezl Ozan River (QOR) drains 55,000 km2 of the land surface of the northwestern Iranian
plateau to the Caspian Sea. The Ss basin, with geographical coordinates of 36.72 to 37.88 degrees north and
48.28 to 48.64 degrees east, with a length of more than 30 and a maximum width of 17 km, is located in the
northern highlands of Zanjan, in the Tarom Mountains, and is considered a part of the Zanjan Rud basin. In the
eastern part of the Zanjanrud basin, the Taham (Ss) River flows westward and joins the QO through the
Zanjanrud. The direction of the southwestern slopes of the Tarom Mountains is towards the Central Iranian
Plateau and the Zanjan Plateau.

2. Materials and Methods

At the beginning of the work, to determine the general condition of the basin, the geological structure of the
basin was investigated using the 1/100,000 geological map of Zanjan. The glacial landforms of the Ss basin,
one of the main branches of Zanjanrud from the QOR in Iran, were digitized using GPS-based field
observations, DEM data extracted from SRTM with a resolution of 30 meters, and Google Earth (resolution of
15 meters). After that, profiles of the valley were needed that were defined by the spatial distribution of ice
mass, and from which the ice discharge pattern for the steady state could be estimated. Accordingly, first, the
effect of the actual mass balance of the glacier is reconstructed based on the transverse profiles of the Ss valley,
and how the effective width of the Ss glacial valley changes in relation to the height of the equilibrium-line
altitude (ELA) was monitored. To investigate the current and Quaternary climatic conditions of the Ss basin,
considering local and basin-wide glacial studies of the region, estimated linear relationships between
precipitation and temperature were used as dependent variables, with altitude as an independent variable (for
example; Jafari and Asghari, 2014; in the Zanjanroud basin; Jafari and Mohammadi, 2018; in relation to the
Pari basin from the GO sub-basins; Jafari and Hazrati, 2019; in relation to the Sephidruod basin). Then, based
on the existing cirque landforms in the Ss basin, the Quaternary ELA was reconstructed; Based on the above-
mentioned sources and the height of the Quaternary ELA, the amount of precipitation and temperature of the
cold periods of the Quaternary were reconstructed and analyzed.

3. Results and Discussion

Andesites constitute the main skeleton of the Taham Basin in the northern and western parts of the basin. The
moderately resistant calcareous tuff-shales, which are concentrated in the middle part of the basin, are
characterized by uneven surfaces with numerous hills. The land surfaces with dark tuff-shale lithology are
connected to the interior parts with a steep slope in the south and west of the basin. The position of the different
lithological layers, relative to each other, indicates that the lithology of the northern heights of Zanjan, from
surface to depth, is a combination of dark tuff-shale, calcareous shale and tuff (Asara shale), and Eocene
volcanic andesites, respectively. Wherever the intrusion of volcanic andesites into the shales creates a more
prominent roughness and brings the andesitic mass closer to the ground surface, with the erosion of dark tuff-
shales, calcareous shales and tuffs are exposed, and then with their erosion, andesite is exposed; the main
skeleton of the basin's roughness is built on andesite. Based on the digital elevation layer, the area above the
ELA (2300 m) is 43.84 km2. Considering the average precipitation of the basin (553 mm) per year, about half a
meter of solid precipitation was isolated above the ELA. Considering that J6hannesson et al (1989) and
Harrison et al (2001) have estimated the typical response time of a glacial valley to climate change to be about
100 years; It can be estimated that the glacial ice has also reached equilibrium in its environment during the
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same period; that is, over 100 years, the basin has had the potential to isolate more than 55 meters of ice above
the ELA. Depending on the environmental conditions, it flows after the ice thickness passes a threshold,;
although Bennett and Glasser (2011) consider the threshold height to be about 40 meters, the ice thickness is
certainly less in mountainous basins due to the slope.

4. Conclusion

Based on documentary findings (linear relationships between temperature and precipitation with altitude), the
current and Quaternary climate conditions were analyzed. Based on the resulting estimates, the increase in the
height of the Ss valley wall was a function of the distance from the ELA; in such a way that it reached its
maximum at an altitude of 1800-1900 meters. In this place, during the cold periods of the Quaternary, resistant
limestone shale and tuff rocks were an obstacle to the flow of the glacier and caused excessive accumulation of
ice. This increase in the dimensions of the valley has brought into the fore a coupling with the topography;
because it is contrary to the general rule of glaciers that the depth of the valley after the glacial cirque has a
maximum. Of course, this situation has also prevailed in the Ss basin, but more importantly, the excessive
increase in ice at an altitude of 1850 meters, which topographically coincides with the place where the Taham
Dam is currently built. In this place, during the cold Quaternary periods, resistant limestone shale and tuff rocks
created an obstacle to the flow of the glacier, and the excessive accumulation of ice has caused the excavation
of a valley, the effects of which are clearly reflected in the environment today. What is certain is that the Ss
Valley is one of the unique valleys remaining from the cold Quaternary periods, which has well preserved the
increase in the length of the ice flow path in connection with the melting of the ice and, as a result, the
reduction in the dimensions of the valley; in such a way that it is possible to reconstruct the maximum
expansion of the glacier tongue at an altitude of nearly 1500 meters using the physical relationships existing in
the dimensions of the valleys.

Keywords: Iranian glaciers, Mountain glaciers, Maximum glacial extension, Quaternary.
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