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Figure 1: Geographical location of the study area
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Figure 3: A) The Start of grooves on the surfaces of dried sediments, B) The
widening of the fissures by water and wind erosion, C) Yardang formation and

D) Convert yardang to kalutak
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Abstract

Kalutaks are one of the geomorphic features of Lut desert that have developed in alluvial deposits of
Miocene and Pleistocene. The purpose of this research is to analyze the geomorphologic
characteristics of Fahraj Kalutak in Kerman province. Five sediment samples were collected from the
area's Kalutaks by random method. The X-ray diffraction (XRD) and X Ray Fluorescence (XRF)
methods have been used to analyze the geomorphologic features of the Kalutaks in Kerman province.
Investigating the results of XRD indicates the existence of quartz mineral in five sediment samples.
Quartz, calcite, albite, dolomite, montmorillonite and ankerite minerals form the main phases of
sediments. These minerals are part of silicates that are formed in the water environment with low
temperature. X-ray fluorescence results show that on average, silicon dioxide, calcium oxide and
aluminum oxide and loss on ignition make up 84.8% of the elements.

Keywords: XRD, XRF, Lut desert, Fahraj, kaloutak

Introduction

Kaloutaks are geomorphic effects of wind erosion distributed in extreme arid and semi-arid regions
worldwide. They are mostly distributed in Great Salt and Lut deserts, northwest and southwest of
Rafsanjan, western part of Fahraj as well as on the sediments of old delta of Hirmand river in Zabol.
Kaloutaks are landforms created by complex processes. This complexity includes the origin, transport
process and depositional environment and sedimentation process. There are hills with the height of 1-
5 m and length of up to 40 m, known as Kaloutaks, in a relatively wide area in Fahraj, Kerman
Province. Kaloutaks are valuable climatic and morphological heritages that are on the verge of
complete destruction due to the lack of knowledge of the local residents. On the other hand, the
sediments resulting from their erosion provide the necessary materials for sandstorms. Given that
Kaloutaks of this region are located in Lut Desert and this desert has been registered in the UNESCO
world heritage list, these forms should be studied. The present research aims to perform

morphological analysis and examine mineralogical composition of Kaloutaks in Fahraj. The study

! - Samad Fotoohi: Corresponding author Emial: fotohi@gep.usb.ac.ir
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area is located in Fahraj (central part), Kerman. This city leads from the north, east, south and west to

Kerman, Sistan and Baluchistan Province, Rigan County and Bam, respectively.
Materials and Methods

A mixed research method was used. Theoretical foundations were collected by the library method and
the samples were analyzed in the laboratory. The Kaloutak morphometry was taken by going to the
region using the necessary tools. In total, five Kaloutaks were randomly selected to investigate their
morphometric characteristics. Geographical location, elevation, minimum, maximum and average
height, length, perimeter, direction of elongation deviation from the north side and slope were
measured. Also, five sediment samples were randomly collected in a scattered manner to perform
geochemical analysis. The collected samples were sent to the laboratory for testing and geochemically
analyzed using X-ray powder diffraction (XRD) and X-ray fluorescence (XRF).

Discussion and Results

According to digital elevation model (DEM) and field study, the Kaloutaks formed in the study area
were 683-700 m above sea level and 1-5 m above the base level. Kaloutaks had a very small elevation

range, indicating the sediments were deposited in the lake or playa stagnant water.

With drying of lake water, it is affected by water erosion, as a result of which furrow erosion is
created. The water resulting from the rainfall causes the furrow bottom to become loose under the
influence of water erosion and the furrows become deeper and wider due to wind erosion. The initial
furrows created on the bed of dried lake sediments expand completely and linear and elongated ridges
with the length of several kilometers are created. The continuous linear arrangement of ridges is
interrupted in the areas where the furrows are narrowed, and discontinuous longitudinal stacks are
formed. Yardangs are formed at this stage. Wind and water erosion continues to make yardangs

smaller until the linear strings turn into small stacks, known as Kaloutak.

Depositional morphoscopy of the collected samples showed more than 60% of Kaloutak sediments
were composed of clay and silt. The XRD analysis revealed the main phases included quartz, calcite,
albite, dolomite, ankerite and montmorillonite, which are a part of silicates and a group of minerals
composed in aquatic environments as well as environments with low temperature. In XRF analysis,
silicon dioxide or quartz, aluminum oxide, sodium dioxide, magnesium oxide or periclase, potassium
dioxide, titanium dioxide, manganese oxide or magnesite, calcium oxide, phosphorus dioxide,

hematite, sulfur trioxide and volatile gases were observed in sediment samples.
Conclusion

Geomorphological studies revealed water-wind erosion has caused the formation of Kaloutaks. The

XRF results indicated quartz constituted the largest amount and is one of the most abundant minerals
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in the earth’s crust against erosion. According to the XRD results, the presence of calcite as the main
phase in all the five Kaloutak sediment samples indicated the presence of lime, originated from the
limestones on the edge of Lut Desert (Abareq) in Fahraj. Dolomite was among the main phases in all
the samples, except Kaloutak of sample no. 4, which originated from calcite and turned into dolomite
over time due to changes in the sediment concentration of cations. The presence of albite in all
Kaloutak samples, except sample no. 2, showed the presence of clay-shale texture, which originated
from the mountains around Fahraj. Thus, Kaloutaks in Fahraj originates from evaporite and
calcareous sandstones.
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