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Objective: Geodiversity is a fundamental term for determining the importance of nature's
abiotic resources, therefore, the expansion of studies related to geodiversity is of great
importance, especially in Iran.With its karstic landforms, Fars Province possesses
numerous geomorphodiversity capabilities. Accordingly, the aim of the present study is
to investigate the geodiversity of the Noorabad Mamasani watershed in the west of Fars
province, which is located in the geographical area of 51° 15/ to 51° 46’ east longitude and
29° 55 to 30° 17/ north latitude. It has unique features such as waterfalls, caves, narrow
gorges, karst valleys and natural arches, etc.

Methods: In order to evaluate geodiversity potentials of the study area, we used
geodiversity index (GDI), per-area roughness density (PRD), Simpson’s evenness index
(SIEI), Shannon’s evenness index (SHEI), Shannon’s diversity index (SHDI), Simpson’s
diversity index (SIDI), roughness density, modified Simpson’s diversity index (MSIDI),
and modified Simpson’s evenness index (MSIEI).

Results: Results of GDI, PRD, SHDI, SIEI, SIDI, SHEI, MSIDI, and MSIEI in Unit 1
(i.e., Tang-e-Buan) were found to be maximal (i.e., equal to 12.7, 0.031, 1.56, 0.76, 0.87,
0.84, 1.5, and 0.93, respectively). Unit 3 in the western part of the watershed finished
second while Units 2 and 4 were ranked 3rd and 4th, respectively.

Conclusions: The value of GFI in the central, western, and northern parts of the study
area was evaluated at about 9.11, 11.04, and 7.5, respectively. That is, as one moves from
the south to the north, the geodiversity decreases.
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Extended Abstract

Introduction

The term geodiversity refers to geographical diversity of geological materials, forms, and processes that comprise
the planet Earth. Geodiversity is a fundamental concept for determining the importance of non-living natural
resources (Gary, 2011).

According to Lopez et al. (2010), the geographic diversity refers to the “the number and diversity of structures
(i.e., depositional, tectonic, geological — mineralogical, petrological, fossil-related, and soil structures) comprising
the substrate of a particular area hosting organic activity, including human activities. Geodiversity allows for the
analysis of the elements that are related to forces affecting an ecosystem, which are generally ignored in the
biodiversity-related studies. The diversity and distribution of biological factors can be determinant to ecological
and land studies (Serano et al., 2007).

Introduction of geological phenomena to tourists while presenting their spatial identity can pave the way toward
attracting more tourists to a region of numerous natural and geological features, producing lots of economic and
social benefits. The study of existing potentials for the development of geomorphotourism and establishment of
geoparks in the studied area can not only stimulate the job creation and people’s revenues, fuel social developments
and industrialization of local communities, and preserve the existing geological heritage, but also contribute to
preservation and recovery of local arts, old customs ad rituals, and cultural and historical heritages (Shayan
Yeganeh et al., 2018).

Nasiri et al. (2022) investigated the geodiversity of Nourabad Mamasani Watershed. The southern sub-
watershed ended up with a higher geodiversity score as it hosted a more diverse set of geological formations,
geomorphologies, and climatologic conditions. They obtained the highest per-area roughness density (PRD),
Shannon’s diversity index (SHDI), Shannon’s evenness index (SHEI), Simpson’s diversity index (SIDI), and
Simpson’s evenness index (SIEI) of 0.31, 1.56, 0.76, 0.87, and 0.93, respectively for the mentioned sub-watershed
because of the higher diversity and development of the formation, while the highest levels of morphometric factors
and final layer were assigned to Nourabad Watershed, which possesses a high geodiversity due to the high levels
of slope, height, roughness, and curvature as well as the wet climate in its northern parts. Scarcama et al. (2022)
evaluated geodiversity in the French Guiana with an emphasis on the challenges and consequences of geo-
sustainable planning. Results of their research showed that the lithology takes the largest part in the geodiversity.

Ghahroodi Tali et al. (2022) investigated the application of geodiversity in environmental management (case
study of the watershed at upstream of Karaj Dam). Results of typology studies in the Karaj Dam Watershed led to
identification of such point features as waterfalls in the vicinity of roads as well as caves, which were exposed to
damages.

Materials and Methods
In this research, geodiversity evaluation was based on the Serano and Fellano’s, Simpson’s, and Shannon’s GDlIs.

In order to calculate the GDI, we began by dividing the studied watershed into four sub-watersheds. Next,
digital elevation map (DEM) was used to prepare layers of slope, slope direction, and roughness, simulate
waterways, and prepare drainage density map, while the geological map was used to prepare maps of lithology
and distance to fault. Based on these 10 parameters, all required factors in Table 1 were obtained. Finally, GDI
was calculated by evaluating the roughness, counting the geomorphological features in each class, and dividing
the results by the area of that class, as per Equation (1):

Gd =EgxR/In (S) 1)

where Gd is the GDI, Eg is the number of all parameters affecting the geodiversity, R is the roughness index,
and S is the surface area of the considered unit.

Evaluating the 7 GDIs

In order to understand the natural richness of the landscape classes in terms of geodiversity across the study
area, we used modified Simpson’s diversity and evenness indices (MSIDI and MSIEI, respectively) and modified
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Shannon’s diversity and evenness indices (MSHIDI and MSHEI, respectively). The studied watershed was divided
to 4 sub-watersheds for the sake of evaluation and accurate comparison of different parts in terms of natural
landscapes.

Results

Unit 1 is located in the southeast of the plain area. In terms of lithology, this unit is made from Eocene Asmari
limestones, Sarvak limestones, Darian, Kazhdumi, and Cretaceous Fahlian. The presence of water-created valleys,
concentrated canyons, waterfalls, rocky structures, numerous limy springs, and trench lapies characterizes this
area. The soil in this area is made from entisols, inceptisols, and stony zones. Drainage density is 0.82 m/m2 and
the fault density is maximal (i.e., 11.9 km/km?). In terms of climate, the area exhibits very high diversity. The
slope and height are at their maximum levels of about 57° and 2676 m, respectively, with the roughness density
being at peak.

Unit 2 is located in the central part of the plain, where the land is covered by alluvial sediments. Numerous
aqueducts, springs, and water wells characterize this area. The soil in this area is made from entisols, inceptisols,
and stony zones. Drainage density is 1.65 m/m2, that is the highest level among other zones. The regional Kazerun
Fault cuts through this area, forming a number of mineral water springs with medical geo-tourism potentials.

Unit 3 is extended over the western and northwestern parts of the plain. The dominant lithology is the Jurassic
conglomerates. In terms of geomorphology, this area hosts extensive alluvial fans with aqueducts that have been
developed across these fans. Canyons represent another common landform in this unit. The soil in this area is made
from entisols, inceptisols, and stony zones, with a drainage density of 0.85 m/m2. The area exhibits different slopes
in the range of 0 — 5% and various heights in the range of 1000 — 1500 m. Notably, this area hosts some of the
lowest heights across the study area. The climate is semiarid. A reduction in the roughness is evident considering
the sediment material.

Unit 4 is extended over western parts of the study area. It is dominantly composed of gypsum — marl formations
and hosts a number of rough terrains exhibiting different forms of linear trench erosion and ditch-like erosion. The
soil in this area is made from entisols, inceptisols, and stony zones, with a drainage density of 1.13 m/m2. Local
climate is semiarid. Results of GDI calculation showed that, among other units, Unit 1 in the southeast ended up
with the highest GDI value (i.e., 12.7). Diversity of formations in this unit (e.g., Sarvak, Darian, Fahlian, Gadvan,
Asmari, Pabdeh, and Gurpi) was a major cause of such a high GDI score. The high fault density in this unit paves
the way for the development of karstic springs. The unit is dominantly covered with two soil types and hosts the
highest number of landform types due to the presence of karstic sediments.

Results of analyzing the 7 GDls, including PRD, SHDI, SHEI, SIDI, SIEI, MSIDI, and MSIEI showed that the
highest values were associated with Unit 1 (0.031, 1.56, 0.76, 0.87, 0.84, 1.50, and 0.93, respectively) in the
southeast of the study area. In other units, relatively reduced levels of MSIDI and MSIEI were observed.
Investigation of morphometric factors of the study area showed that the density of geomorphological landforms in
each unit is much higher. For instance, the densities of valleys, fluvial fans, sulphureous mineral springs, and dense
lapies increase significantly, which is itself a determinant factor in the level of roughness index.

In similar research, Goli Mokhtari et al. (2023) investigated the analysis of land diversity in the range of
Binalud heights. The results showed that based on the findings of the research, it can be said that the difference of
the indicators in the two domains is very insignificant, but due to the structural and stratigraphic condition. And
the influence of secondary factors, the southern slopes of Binalud Mountains have more geodiversity than its
northern slopes. The obtained results show that based on the comparison of the northern slope and the southern
slope of Binaloud mountains with the five geodiversity indices, the contribution of geological factors was more
than the morphometric and climatic factors.

Conclusion

Measuring 10 effective parameters in the studied watershed, the GDI ended up with accurate results that reflected
the actual situation. Results of the GDI method showed that the fault density, high diversity of geological
formations, snowfall, and low temperature in the southern part, as compared to the other parts of the study area,
have resulted in a high GDI of about 12.7. the value of GFI in the central, western, and northern parts of the study
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area was evaluated at about 9.11, 11.04, and 7.5, respectively. That is, as one moves from the south to the north,
the geodiversity decreases.

Results of analyzing the PRD, SHDI, SHEI, SIDI, SIEI, MSIDI, and MSIEI showed that the highest
geodiversity was associated with the southeast unit (Buan Sub-watershed), as shown by the index values of 0.031,
1.56, 0.76, 0.87, 0.84, 1.50, and 0.93, respectively. Unit 2 (i.e., western sub-watershed) closely followed Unit 1.
In other units, relatively reduced levels of MSIDI and MSIEI were observed.

The southeastern unit is midway along the main road connecting Fars, Bushehr, Khuzestan, and Kohgiluye and
Boyer-Ahmad provinces, providing timely access to highly populated cities in the region. The vast watershed
coupled with high-rainfall forest zone in the upstream of this canyon have extended the availability of fresh water
resources in the Buan Canyon, so that beautiful waterfalls develop in the rocky walls of the canyon during different
seasons (especially the Spring). This water-rich area has long been a countryside to Mamasani nomads who were
busy doing horticulture and animal husbandry. The thick walnut trees in the region are so old, some of which block
the sunlight within a radius of 10- 15 m. In the hot summer days, the temperature difference between this canyon
and Nourabad city exceeds 10°C. Another advantage of this canyon is the existing paved road to access it. These
advantages have made the canyon suitable for tourism applications.

Geologists have long sought to better recognize the earth and expand their information about the ground to get
rid of ambiguities. But they have largely ignored the geodiversity, not spending so much time on investigating the
geological diversities. Nevertheless, it can be stipulated that a better knowledge of geological diversity paves the
way toward a better understanding of natural resources of the earth. Despite the great importance of geodiversity
in various dimensions, this phenomenon is at risk of human activities. Therefore, there is a need for protecting the
geodiversity, which is a necessity for the development of geo-tourism. The protection objectives and methods must
account for different elements of geodiversity, and associated planning must be appropriated to the type of the
respective geosite. Management of geo-tourism and related recreational activities as well as geoparks is often
dependent on the type of geodiversity.
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