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Abstract

Geodiversity assessment is one of the first and main steps in the development of land conservation
measures. The main goal of the present study was to quantitatively evaluate the geodiversity of a
mountain mass, which was neglected due to its visibility. This research proposed a possible
standardized method of calculation through the sum of the elements of Surface Area/Raitio (SAR),
Dissection Index (DI), Elevation relief (Er), Slope gradient (Sg), Amplitude of relief (Ar), Stream
Length (SL), Drainage density (Dd), Stream frequency (fu), Topographic wetness Index (Twl), and
lithology. In general, the distance between the northern and southern faults of the studied mountain
had created the most diversity around it. The presented method can be a potentially effective tool for
supporting decision-making processes regarding management and protection of geodiversity at
different scales with possible applications in Iran.
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Introduction

Mountainous regions are characterized by spatial geomorphic heterogeneity, which gives significant
geodiversity to the environment. Geodiversity assessment is one of the first and main steps in the development of
land conservation measures. Geodiversity studies can be a valuable tool in ecosystem management and
ecosystem service delivery, including sustainable geotourism. In recent decades, many researchers have turned
their attention to the definition of geodiversity and its relationship to biodiversity, natural environment
protection, ecosystem services, and geotourism. This research tried to use and measure some indicators to
measure geomorphological diversity in Mishu mountain region. The Mishu Mountains contain a variety of
geomorphological phenomena. The mountain area is less popular today among different regions due to habitat
destruction and species extinction. In the past, it was one of the most valuable regions in the country in the
regional network and was considered as an irreplaceable region. Due to the recent droughts, lack of codified
management plans, and lack of attention to control and supervise miners as one of the main conflicts in the
Mishu Mountains, we can point to the imbalance between livestock and rangeland. This area has witnessed many
destructions over the past years. Mainly, geodiversity of Misho Mountain region has been involved in its
development, providing both opportunities and constraints that need to be managed and understood. With the
advent of new approaches to geodiversity, geographical spaces, such as Mount. Misho can be used effectively.

Materials & Methods

In this research, the methods of Benito-Calvo et al. (2009) and Melelli et al. (2017) were used with some
special changes. Moreover, a possible standardized method was proposed through the sum of the values of the
elements of Surface Area/Raitio (ASR), Dissection Index (DI), Elevation relief (Er), Slope gradient (Sg).
Amplitude of relief (Ar), Stream Length (SL), Drainage density (Dd), Stream frequency (fu), Topographic
wetness Index (Twl), and lithology. In this article, the quantitative index of GMI was estimated with 9
geomorphometric indices derived from digital elevation models in GIS environment. In addition, the lithology
index was extracted from the geological map (Eqg. 1).

Gml = SARvV + DIv + ERv + SGv + Arv + SLv+ Ddv+ Fuv+ TWIv+ Geov

It is necessary to mention that the maps went through two stages of processing in all the factors, except for
the factor of geological map,. The first step was to extract the raw data. The second stage was based on
normalization by using natural ruptures. This algorithm reduced the variance within the groups and maximized
the variance between them. In the stage of Normalization, the ArcGIS 10.7 reclassification tool was used to
create 5 classes for each factor. V1 and V5 were the lowest and highest diversity classes (V), respectively. This
formula was classified into 5 categories (very low to very high levels). The focus of the research method of this
model was on the spatial analysis of the indicators obtained from Dem 12.5 meters. To evaluate the variability of
each parameter, a focal function was applied as a result of the variability.

Research findings

The results of this study showed that the geodiversity range of the study area decreased from the peaks to the
plains, while the areas with low geodiversity values were located in the plains. The lowest diversity (V1)
consisted of Quaternary deposits and the highest diversity (V4 and V5) was composed of carbonate formations,
intrusive masses, and volcanic formations. Since they were the rarest types of rocks all over the Earth's surface,
they were mainly located in the eastern Mishu Mountains. The high values of diversity for the geological factors
were related to the erosion-resistant geological substrates, such as volcanic compositions and intrusive masses,
while the lowest values of diversity were related to the Quaternary deposits along the valleys and plains.

Discussion of Results & Conclusion

The results of the present research showed that the replacement of landforms with geomorphometric
parameters and their results in terms of spatial diversity could be a valuable parameter in defining the diversity
of physiographic units. Comparison of the results with the geomorphological map of the region provided a
validation method. The results showed that the geodiversity range of the study area decreased from the peaks to
the plains, while the areas with low geodiversity values were located in the plains. Also, the lowest diversity
(V1) consisted of Quaternary deposits and the highest diversity (V4 and V5) consists of carbonate formations,
intrusive masses, and volcanic compounds because they were the rarest types of rocks all over the Earth, which
were mainly located in the eastern parts of Misho Mountains. The high values of diversity for the geological
factors were related to the erosion-resistant geological substrates, such as volcanic compounds and intrusive
masses, while the lowest values of diversity were related to the Quaternary deposits along the valleys and plains.
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. Drainage density( Dd)

. Stream frequency( fu)

0. Topographic wetness Index( Twl)
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Figure (2) The map of the diversity of drainage density in the network format. The colors represent
variation that increases from very low to very high class.
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Figure (3) Lithology diversity map in grid format.
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Figure (5) The map of the Dissection index diversity in the grid format.
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Figure (6) The map of the Stream frequency diversity in the grid format.
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Figure (7) The map of the Amplitude of relief diversity in the grid format.
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Figure (8) The map of the Topographic wetness Index diversity in the grid format
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Figure (9) The map of the Elevation relief diversity in the grid format
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Figure (10) The map of the surface area/ratio diversity in the grid format
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Figure (11) The map of the Stream length diversity in the grid ormat
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Figure (12) The area percentage of the diversity of the effective factors in the geodiversity of the
study area
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Figure (13) Geodiversity Index map

pa- i aLa

s 3 sl O0F) US55 ol ) sl 35 (atls s (215 sine Ol S Sl ilay 3

S o odalie anllaes ) go ddate oy gls 535




W O 3 (5l kol 43140 Sln 55 Glin ) 213 55 oS ot 5> Ko g 9055 (Sl pa L 5

fow andd 28 S gl (O ¢ JKS 3158 65 (1 JK2) andllans ) go dalaie sy 2205 85 51 g palas (VF) IS
(s ol B B3 gt jlaial glaaadar (7 JS& L] Shee Ll (O K5 455158 oty glaady (o

Figure (14) Pictures of the geodiversity of the studied area (Figure A: Ghazafar Valley, Figure B:
Gypsum stock of Castle C. Figure C: Badlands of Quaternary deposits. Figure T: Aishabad waterfall.

Figure C: Iron springs of Mishu granite range)
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