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Extended abstract

1- Introduction

Badlands are unique geological formations characterized by their dry, eroded landscapes, which often feature
steep slopes, minimal vegetation, and intricate drainage systems. This terrain arises primarily in arid to semi-arid
regions where softer sedimentary rocks and clay-rich soils have been extensively eroded by water and wind. The
result is a landscape filled with canyons, gullies, buttes, hoodoos, and other striking geological features. Badlands
are formed through a combination of geological processes primarily involving erosion and deposition. The key
factors contributing to the formation of Badlands are Presence of soft sedimentary rocks such as clay, shale,
gypsum and anhydrite which are highly susceptible to erosion, arid climate that results in sparse vegetation cover
and heavy rainfall. In a large part of the southern regions of Fars province, especially in the Larestan areas, there
are regions that match the geomorphological characteristics described for Badlands (Figure 1). In general,
scientific papers on the Badlands subject in Iran are little, and in particular there is not any research work on
Larestan’s Badlands. In Figures 2 and 3 two examples of landscapes seen in the Larestan’s Badlands are
displayed. The lack of any scientific reports on Badlands of the Larestan area raises an important question, how
it could be done the water resource management and agricultural activities while the necessary data such as
annual sediment yield and its impact on the quality of surface and groundwater is not available.

2- Methodology

Data and methods which employed in the current research to identify the natural characteristics and effective
factors contributing to the formation of Badlands in the Larestan region are as follows:

2-1 Field observation: During field studies, the surface pavement type, slope, aspect, lithology, vegetation
cover, and geomorphological features such as landform shape and drainage patterns were investigated (Figures
2 and 3). Furthermore, the accuracy of the Badlands areas identified in the satellite image and the prepared
morphometric maps was assessed.

2-2 Satellite image: Using satellite imagery of the study area, the approximate extent of the Badlands regions
was determined based on the variations in color, tone, and texture of these areas compared to the plains and
highlands. Additionally, using the same imagery, GPX data containing the geographic coordinates and elevations
of points in the study area was obtained by uploading the KMZ image file to the GPS Visualizer website. This
data was utilized in ArcGIS software to create a Digital Elevation Model (DEM) and other morphometric maps
of the study area, including flow directions, slope aspect, and additional morphology-related maps such as slope
change, flow accumulation, drainage density, and drainage systems maps.

2-3 Geology map: The geology map of the studied area (Figure 4) was created by combining five 1:100,000
scale maps of the Lar, Mahleka, Bastak, Chauhar Berke, and Gav Bast regions using ArcGIS software to examine
the exposed rock layers of geological formations and associated geological structures. Since the resistance of
rock strata to erosion is influenced by their lithology, and ongoing rapid erosion necessitates a significant
thickness of soft rock strata, our data on the lithostratigraphic sequence of the Larestan region is particularly
crucial. According to geological studies, the Fars Group, which encompasses the Mishan, Gachsaran, and
Aghajari formations (Figure 5), is significantly represented in the study area, with a thickness of approximately
3,000 meters. It is situated above the resistant carbonate strata of the Asmari-Jahrom formations and below the
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Quaternary conglomerate strata of the Bakhtiari Formation. An examination of this map indicates that in the
Badlands, the extensively exposed rock strata are primarily from the Gachsaran and Mishan formations,
consisting of marl and gypsum layers.

2-4 Morphometric maps:

a) DEM: This map illustrates regions with comparable elevations using a consistent color scheme (Figure 6). It
serves as foundational data for generating other morphometric maps. Additionally, because the elevation of
Badlands is greater than that of plains but lower than that of mountain ranges, they typically exhibit a distinct
local elevation range and are depicted in a uniform color on the DEM. In the study area, the majority of Badlands
correspond to yellow and pink hues.

b) Flow directions map: This map categorizes the area according to the number of surface water flow paths
(Figure 7). In other words, it illustrates the density of water channels in various regions. Given that a key
characteristic of Badlands is the abundance of drainage channels, this map serves to pinpoint their locations.
Based on field observations, the flow direction map is most effective in identifying Badlands areas.

c) Aspect map: This map categorizes the study area based on the orientation of slopes in relation to the north. In

other words, it illustrates the aspect or azimuth of slopes in each section using specific colors. In Badlands regions,
the presence of numerous drainage channels in various directions leads to a wide range of slope orientations.
Consequently, the areas with the most significant color diversity on this map correspond to the locations of
Badlands (Figure 8). The Gachsaran and Mishan formations, composed of marl and gypsum, are prominently
exposed.

3- Results

Based on investigations into geology, various morphometric maps, and field observations, it can be concluded
that a combination of several factors—including geological, tectonic, and erosional processes under arid climatic
conditions—has played a fundamental role in the formation of the Badlands in the Larestan region. In the
Larestan region, three types of geomorphologies—mountains, plains, and Badlands—can be observed,
depending on the prevailing geological and tectonic conditions (Figures 1 and 6). The mountains are formed at
anticlines and faults, showcasing resistant rock layers from formations such as Aghajari, Asmari-Jahrom, and
Daryan. In the gently sloping areas of folds and synclines, where sediment gathers, plains can be found. Badlands
arise in regions where soft rock layers, prone to erosion, are prominently exposed. The extensive outcrop of these
layers results either from their gentle dip or, as seen in the Badlands northwest of Evaz city, from the dense
folding of the layers (Figure 9). The rapid and severe erosion of these rocks, caused by infrequent yet intense
rainfall in arid climates, has created the necessary conditions for the formation of the distinctive geomorphology
of the Badlands in these areas. Investigation of various morphometric maps, along with the assessment of field
observations, revealed that the maps of flow directions, aspect, and curvature exhibit the highest accuracy in
detection of the spatial location of the badlands. In contrast, the maps depicting drainage density, flow
accumulation, stream order, and stream network are not particularly effective, likely due to the loose nature of
alluvial deposits and the presence of the exceedingly high number of surface drainage channels.

4- Discussion & Conclusions

Although this research focuses on a specific geographical area, Larestan, it is important to note that, due to similar
geological, tectonic, and climatic conditions across a much larger region in southern Iran, the results and findings
can be generalized to areas beyond Larestan. The formation of anticlines, synclines, and faults—fundamental
elements in the geomorphology of various regions, including the Badlands—is primarily influenced by tectonic
forces and stratigraphic characteristics. In the study area, Badlands landscapes develop in regions where the Fars
Group formations are visible. These formations can be observed in many southern parts of the country, extending
to the shores of the Persian Gulf. Based on the lithology of the exposed formations in the Larestan region, it is
clear that soft, low-resistance layers are located between three series of hard, erosion-resistant layers. The soft
Gachsaran layers are situated between the resistant limestone layers of the Asmari-Jahrom Formation and the
Gouri Member, while the soft Mishan Formation is located between the resistant layers of the Gouri Member
and the Aghajari Formation (Figure 5). The stratigraphy of the Fars Group and its lithological diversity are crucial
elements that contribute to the varied landscapes observed in the Badlands of the Larestan region (Figures 2 and
3). Continuous erosion necessitates the ongoing vertical movement of the earth; thus, the formation of Badlands
requires a balance between erosion and uplift rates. The Badlands of the Larestan regions have evolved into areas
where extensive outcrops of soft marly and gypsiferous strata are present, and the rate of uplift has not been so
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rapid as to cause the complete erosion of the younger Mishan and Gachsaran formations. Comparing the
elevation above sea level in regions with differing geomorphology shows that the elevation of the Badlands is
200 to 400 meters higher than the surrounding plains, and roughly the same amount lower than the nearby
mountain ranges (Figure 6). In the mountains of Larestan, where the uplift rate has been more rapid, we observe
increased erosion of the soft and young layers of the Gachsaran and Mishan formations. As a result, older rock
layers are now exposed in these regions. While it is possible to identify the locations of large badland areas using
satellite imagery, morphometric maps seem essential for pinpointing smaller and more dispersed areas.
Furthermore, to assess the extent of erosion and the volume of sediment produced, it is crucial to utilize DEM
maps prepared at various time intervals, and their changes should be thoroughly examined and analyzed.
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