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 57 

Abstract 58 

The north of Ilam Province in Iran has a great variety of geodiversity features, and the presence of geodiversity 59 

resources, along with other geological and geomorphological values, has enriched the area. The purpose of the 60 

present study is to evaluate the geodiversity in the north of Ilam Province. The main indices for assessing 61 

geodiversity in the present study include geology, geomorphology, geomorphosites, paleontology, pedology, 62 

hydrology, mineral resources, and fossil species. In addition to assessing geodiversity, the hazard maps of the area 63 

were also prepared and overlapped with the geodiversity attraction maps, to identify areas with high geodiversity 64 

attraction as well as areas with high vulnerability. The results showed that 71% of the region had moderate and 65 

high attraction in terms of geodiversity indices. The most attractive areas are located in the north, center, and 66 

southeast of the region, which include the entire protected area of Manesht, Bankul, and Ghalarang; the Gachan 67 

and Arghavan area; and to the south the Sivan Arch and the Kabir Kuh area. The hazard map analysis also showed 68 

that the areas with the highest score in terms of geodiversity indices had many hazards indicating high sensitivity, 69 

unsustainable exploitation, and a growing trend of their destruction. All areas with high geodiversity attraction 70 

are exposed to severe human hazards. Most of these hazards are concentrated in the center and southeast of the 71 

region, which corresponds to areas with high geodiversity attraction. Due to their specific sensitivities, these areas 72 

can maintain their existence if they are exploited in a sustainable manner; otherwise, we will see these resources 73 

degraded and destroyed in the future. 74 

Key words: Geodiversity. Evaluation. Geoconservation. Grid Analysis. Ilam Province. 75 

 76 

1. Introduction 77 

Geodiversity is defined as environmental variables, including lithology, tectonics, geomorphology, soil, 78 

hydrology, surface topographic elements, and physical processes of the land surface. On a larger scale this 79 

encompasses geographic prospects (Gray, 2013; Ibáñez et al, 2019; Lawler et al., 2015; Tukiainen et al., 2017) 80 

and includes land surfaces, seas, and free oceans. This set of elements along with biological and human processes 81 

can create geomorphic and geological forms and processes (Alahuhta, 2018; Serrano & Ruiz-Flaño, 2007b). A 82 

number of researchers have defined geodiversity as a background for biodiversity development (Crofts, 2019; 83 
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Gray, 2013; Hjort et al., 2012; Karna et al., 2019; Santos et al., 2017) and have known its role in promoting 84 

biodiversity and creating a positive relationship with ecosystem services at various levels (Bailey et al., 2017; 85 

Karna et al., 2018; Kaskela et al., 2017; Stein et al, 2014). They have suggested that geodiversity can be useful as 86 

a scientific tool in protecting the natural environment, especially in planning, management, and education (Brilha 87 

et al, 2018; Brown et al, 2018; Gray, 2019; Gordon, 2012; Gordon et al., 2012; Stavi et al, 2018; Wang et al, 88 

2019).  89 

The concept of geodiversity also has a territorial composition because the biological elements are directly related 90 

to space and place. In addition, there is a temporal notion of geodiversity, as tectonic and historical processes in 91 

the evolution of the landscape of the earth must be taken into account (Gray, 2004; Serrano and Ruiz-Flaño, 92 

2007b; Zwoliński, 2004). On the other hand, geodiversity has a geographical concept in addition to the geological 93 

concept. This concept is enriched by a wider combination with diversity in natural and biological landscapes on 94 

the surface of the earth; but, despite the expansion of its use, little progress has been made in terms of its 95 

quantitative and qualitative application in the literature. Only a small percentage of authors in their research have 96 

used geodiversity with its specific geographical meaning (Hjort and Luoto, 2010; Nieto, 2001). 97 

There is a large gap in the literature on the preservation of the values of geodiversity and its relationship with 98 

tourism. The outline of the relationship of geomorphological and geological issues to tourism dates back to the 99 

years when Leopold (1949), as one of the pioneers of geomorphology and geology, referred to geoethics to lay 100 

the groundwork for the ethics of tourism services. This relationship has been favored by researchers in recent 101 

years in a different form and within the context of investigating the function of geodiversity systems in relation 102 

to tourism (Brandolini et al., 2006; Jenning, 2004; Pereira et al, 2020; Pope et al., 2002; Pralong, 2005; Serrano 103 

and Gonzalez-Trueba, 2005) or in the form of geodiversity values with geological heritage (Brilha et al., 2018; 104 

Knight, 2011; Jamorska et al, 2020; Kuleta, 2019) and geodiversity and geoconservation (Gordon, 2020; Lukic et 105 

al., 2009; Solarska and Jary, 2010; Vasiljevic et al., 2011a; Vujicic et al., 2011; Wang et al., 2015). In fact, 106 

managing and protecting geodiversity values is the most important factor in examining the management and 107 

classification goals of these areas.  108 

These resources represent the most valuable and diverse examples of natural diversity; in other words, they are 109 

the effects of creation whose protection must be the focus of natural environment activities (Majnunian, 2001) 110 

and they contain the most prominent geomorphological and geological legacies in earth’s history (Dong et al., 111 

2014; Erikstad, 2013; Wang et al., 2014). If these resources are not protected, they will undergo irreparable 112 

https://www.sciencedirect.com/science/article/pii/S2577444120300034#%21
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damage. Thus, conservation and management of geodiversity resources should be of prime importance so that the 113 

resources are protected and exploited sustainably (Mokhtari et al., 2019). 114 

In recent years, many researchers have evaluated geodiversity by quantitative and qualitative methods, including 115 

geodiversity assessment based on tectonic, climatic, and soil indices, and have placed great importance on 116 

geological and geomorphological parameters (Bennett and Glasser, 1996; Araujo and Pereira, 2018; Bétard et al., 117 

2019; Knight, 2011; Pellitero et al., 2010; Ruban, 2015, 2010; Serrano and Ruiz-Flaño, 2007b; Stavi et al, 2019; 118 

Stavi et al, 2018). Other evaluation models include the evaluation of geodiversity in urban environments (Ilić et 119 

al., 2016; Santos et al., 2017); the concept, methodology, and application of cartography for geoconservation on 120 

a regional scale (Bétard and Peulvast, 2019; Silva, 2018; Silva et al., 2015); assessment of geodiversity in geoparks 121 

and geomorphosites of protected areas (Coratza et al., 2019; Dollma, 2019; Nobre da Silva et al., 2019; Pellitero 122 

et al., 2010; Solarska & Jary,  2010; Telbisz et al, 2020; Wang et al., 2015); and evaluation of geodiversity for 123 

water resources (Perotti et al., 2019; Marco Scarsi et al., 2019).  124 

In the present study, a geodiversity model based on the research by Nobre da Silva et al. (2019); Pereira et al. 125 

(2013); Serrano & Ruiz-Flaño (2009) has been used. The aim of this research was to produce the attractions map 126 

of geodiversity and overleap with a natural hazard map. The results of this study can be very effective in the 127 

conservation, management, and sustainable development of the region and can reduce the fragility and damage in 128 

the area. Hazard mapping aimed to identify threats to geodiversity. Various hazards are active in the study area 129 

and are a potential threat to geodiversity resources. All the attractive areas of geodiversity in the region are exposed 130 

to severe human and natural hazards and they have altered many of the region’s apparent features and beautiful 131 

landscapes. The purpose of the present analysis was to identify high-risk areas and adapt them to areas of high 132 

attraction, and, in line with identifying the attractive areas. The hazard map of the area was also prepared and 133 

different areas were categorized according to the level of existing attraction and the different degrees of 134 

vulnerability. Indicators such as paleontology, geomorphosites, and environmental hazards were added to the 135 

body of research literature to fill the gap in previous studies, and to obtain better results in the management and 136 

conservation of geodiversity values. The main aims of current study can be summarized based on the following 137 

three aims:  138 

1-Enhance the indices evaluated, and add more effective indices. Indicators such as paleontology, geomorphosites, 139 

and environmental hazards were added to the body of research literature to fill the gap in previous studies, and to 140 

obtain better results in the management and conservation of geodiversity values. 141 

2- Prepare geomorphological hazard maps and integrate them with geodiversity maps. 142 
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3- Use large-scale maps and small grid that provide more detail on geodiversity.  143 

 144 

2. Study area  145 

The study area ranges between longitude 46o 23′ to 46o 75′ and latitude 33o 36′ to 33o 75′ in western Iran. It is a 146 

mountain in the Zagros mountain range, characterized by high altitudes, heterogeneous hillsides, and deep valleys. 147 

About 70% of the area is mountainous type, 19% hill type, and 11% highland type (Ahmadi et al., 2018; Mokhtari 148 

et al., 2019) (Figure 1). From a geological point of view, the studied region is in the northern part of the Ilam 149 

province, and from the viewpoint of the tectonic setting of Iran it belongs to the folded Zagros Mountains. The 150 

shape of the roughness is mainly regular with parallel anticlines and synods that have taken their present shape 151 

due to erosion. The study area in the structural-sedimentary division of Iran, the tectonic division, and the division 152 

of structural units and the expansion of sedimentary basins of Iran is located in the northern of the Zagros mountain 153 

range. The main geological formations of the region are divided into northeastern and southwestern parts. The 154 

oldest deposits are Sarvak Formation. Surgah shales, limestone of a thin layer of Ilam Formation and, shales of 155 

Gurpi Formation have been a sign sea advance. Composite anticlines and, synclines are the stratigraphic features 156 

of this part of the Zagros and study area (Ebrahimi et al., 2017). The study area is considered a temperate region 157 

in terms of climatic conditions. However, due to the topography, the difference in temperature and rainfall is 158 

different in the northern, southern and western parts, and in terms of climatic conditions, two cold, and temperate 159 

climate types can be seen in the region. The average annual rainfall is 590 mm. According to the statistics of Ilam 160 

Meteorological Department (Ahmadi et al., 2015), winter with an average rainfall of 323.2 mm is the highest 161 

rainfall during the year, followed by autumn with an average of 245.3 mm and spring with an average of 87.7 162 

mm. Summer is the least rainy season of the year with an average of 5 mm. Important processes in the creation of 163 

phenomena in the past and present are tectonic, karstic, erosive and fluvial processes (Mansouri et al., 2014). The 164 

area of forests in the region are about 23,000 hectares. The predominant forest species are oak, pistachio, hawthorn 165 

and almond. The study area had been a place of human habitation and the oldest documents related to civilization 166 

date back to 6000 years. The Babylonians called the region "Alam" or "Alamto" meaning the place of sunrise. In 167 

the Achaemenid and Parthian eras, the region was part of the state of Suziana. During the Sassanid period, it was 168 

considered as a large province of "Pahleh" or "Pahlo" in western Iran. During the reign of the Muslims, it was part 169 

of the state of "Masbzan" or "Masbdan" and the Arabs called it "Jabal" meaning mountainous. During the Safavid 170 

period, northern of the Ilam province became one of the areas under the influence of the Lors. Finally, in 1929, 171 

Reza Shah Pahlavi changed the name of the region to Ilam (Ahmadi et al., 2015).   172 
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 173 

Figure 1: Insert here 174 

3. Materials and Methods 175 

3.1 Methodology  176 

In the present study, the evaluation of geodiversity was investigated using the role of geological and 177 

geomorphological values.  In Grid method—taking into account geomorphological and geology indices, including 178 

geomorphology, hydrology, geology, geomorphosites, paleontology, pedology, and mineral resources, which each 179 

include several subcriterion units—the role of different processes in creating the geodiversity and the capability 180 

of the region was calculated from the view point of geodiversity attractions. Smaller indices represent a major 181 

combination of geodiversity and include all geomorphological, geological, paleontological, and soil sources 182 

indices (Table 1). The basis of this work has been used in research by (Pereira et al, 2013; Serrano & Ruiz-Flaño, 183 

2009 & Nobre da Silva et al., 2019) (Figure 2). Paleontological and geomorphic indices were also used to evaluate 184 

geodiversity. A hazard map was prepared and combined with a geodiversity map. 185 

Figure 2: Insert here 186 

Table 1: Insert here 187 

3.2 Geological Index 188 

The small grid in the geological map shows more details of the geological units, for example, a small grid (2x2) 189 

in the geological map of 1: 100,000 shows more details (geological units). Therefore, in the present study, 190 

geological map with a scale of 1: 100000 were used and the size of 2x2 was determined to show more details on 191 

the diversity of geological indices.  A small grid has an effect on the regional distribution of indicators and shows 192 

more details, and the regional distribution of indicators is more homogeneous. The advantage of using sample 193 

points in a 2x2 grid was a smoother distribution of sample points, ease of analysis, and increased accuracy of 194 

analysis. By selecting sample points in a 2x2 grid, the accuracy of identifying the number of indicators in each 195 

grid will be higher and the possible error due to ignoring some indicators will be less. Geological maps were 196 

analyzed using 1:100,000, scales, and the score was calculated based on the number of units in the area per 2×2 197 

km grid and from the following equation (Ahmadi, 2020):  198 
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 199 

                                                                                     (1) 200 

Here, G = geological diversity index, N = total geological indices, g = geological unit per 2×2km grid, p = 201 

geological period, s = geological stage, g = geology group, and Lns= real level. 202 

3.3 Geomorphological Index 203 

The geomorphological index includes geomorphological and hydrological units. In the hydrological index 204 

classification, the scores range from 0 to 4 in which 4 is the highest score, and 0 is given to areas without any 205 

hydrological units. Geomorphological units are part of the attractions of geodiversity in the area. The purpose of 206 

research in Geomorphological index was to determine the number of geomorphological units in each grid. The 207 

purpose of this section was only to determine the level of attractiveness of geomorphological units in the region 208 

as part of geodiversity. Geomorphological maps can reconstruct the geomorphological evolution of the study area. 209 

Geomorphological units are important indicators and their information overlap in the final map is very valuable. 210 

In the Hydrology Index section, we have expressed its attractiveness in the form of hydrological units and it is 211 

under the geomorphology subgroup (Pereira et al., 2013) (Table2). This is obtained from the following equation 212 

(Pereira et al, 2013; Serrano & Ruiz-Flaño, 2009 & Nobre da Silva et al., 2019): 213 

Lns

UUS
G

hg ).(
=                                                                                        (2) 214 

Here, G = geodiversity, S = total sum of geomorphologic value indices, Ug = geomorphology unit, Uh = hydrology 215 

unit, and Lns = real level. 216 

3.4 Geomorphosites Index  217 

Several indices were used to determine the scientific value of geomorphosites. For this, several factors were taken 218 

into account: scientific studies in the study area, the number of phenomena at the national level, their scarcity in 219 

the area under study, geomorphological intactness, the number of attractive geomorphological forms, the existence 220 

of other geological forms, and their values in geomorphology education (Pereira et al, 2007).  221 

Table2: Insert here 222 

 223 
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3.5 Paleontological Index 225 

The paleontological index score is related to the number of different fossil species counted per square kilometer. 226 

Limited studies have been carried out in relation to the identification of fossil species in the north of Ilam province. 227 

Only three relevant projects have been identified including the dissertation of Ahmadi, 2020, Atlas of Geotourism 228 

of Ilam province, 2006, and the site map of fossil species in the north of Ilam province by Ilam University. In the 229 

present study, the information of this index was obtained based on the number of fossil species per square 230 

kilometer in each grid. The data collection was based on research literature, atlas of geotourism in Ilam province, 231 

and map of fossil sites in the north of Ilam province. Other information on the preparation of the fossil species 232 

index is given below. 233 

Geological and geomorphological maps in the scale of 1/100,000. Map of Paleontological formations and main 234 

paleontological sites of Ilam province in 5 geological periods of Cenozoic, Miocene, Cretaceous, Permian, and 235 

quaternary (Ahmadi, 2020).  236 

 In fact, this method was obtained based on the number of fossil species per 2×2km grid from the following 237 

equation: 238 

                                                                     (3) 239 

Here, G = geodiversity, N = total paleontological index, Pfs = fossil species counted per 2×2km grid, and Lns= 240 

actual surface (Serrano & Ruiz-Flaño, 2009). 241 

3.6 Pedological Index 242 

The index contains information from 9 categories and contains information from 38 soil subgroups. Here, the 243 

relationship between geomorphological and geological indices is emphasized once again and is obtained from the 244 

following equation: 245 

 246 

                                                                                      (4) 247 

Here, G = geodiversity, N = total pedological index at surface, Us = soil unit, and Lns= real surface. 248 

 249 

3.7 Mineral Resources Index 250 

This index includes elements such as minerals, energy sources, and resources such as copper, gold, silver, 251 

diamond, nickel, titanium, quartz sand row, refractory clay, barite, calcite, kaolin, feldspar, fluorite, gypsum, 252 

limonite, Muscovite, pegmatite, pyrite, quartzite, quartz, shale, petroleum and natural gas, uranium, mineral 253 

Lns

PN
G

fs*
=

Lns

UsN
G

*
=
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springs and springs, which are distributed throughout the study area and obtained from the following equation 254 

(Ahmadi, 2020): 255 

                                                                      (5) 256 

Here, G = Geodiversity, S = sum of mineral resource indices, Us = mineral resource unit per grid, and Lns contains 257 
real level (Serrano & Ruiz-Flaño, 2009). 258 

Information on the preparation of Mineral Resources index is given below. 259 

The map of mineral resources in the north of Ilam province which was produced by Ilam University (Karimi et 260 

al., 2014), Geological map information in scale of 1: 250,000 northern of Ilam and Kuhdasht area, geological map 261 

1: 25000 of Manesht, Bankol and Qalarang protected area, mineral resources map of Ilam province in the 262 

1/100,000, and field studies. The method of preparing the indicators is shown in Table 1. 263 

 264 

3.8 Historical Index 265 

The historical score is related to the number of historical sites. In fact, this method is based on the number of 266 

manuscripts, historical cemeteries, petroglyphs, and so forth, which is obtained from the following equation per 267 

grid: 268 

 269 

       (6) 270 

 271 

Here, G = geodiversity, H = total historical index, Hs = total historical indices per grid, and Lns include real 272 
surface.  273 

 274 

3.9 Interpolation Analysis  275 

The kernel method was used for interpolation. In this method, points closer to the indices of geodiversity gain 276 

more weight, resulting in a more even distribution of values, and indicating greater diversity of living and non-277 

living elements, which shows more detail about the geodiversity richness. The following equation was used to 278 

interpolate according to the kernel method (Nobre da Silva et al., 2019): 279 

                                                       (7)                                               280 

Here, K = kernel interpolation function, h = search radius, u = central position of each cell, = ui is the sample 281 

position of i, and n is the total number of points (Figure 3). 282 
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Figure 3: Insert here 283 

Finally, the scores of the final indices of geodiversity were obtained by adding the total indices available in the 284 

study area. Overall, the total sum of indices determines the highest amount of geodiversity in the area. Ratings of 285 

15 and lower show a very low score, 15–20 indicates an average score, 20–25 ratings per grid shows a high score, 286 

and ratings of more than 25 represent a very high score (Pereira et al, 2013; Serrano and Ruiz-Flaño, 2009; Nobre 287 

da Silva et al., 2019). The mode of scoring is based on the number of units per 2×2km grid, based on which the 288 

geodiversity map was prepared for the whole study area. 289 

 290 

3.10 Hazard Mapping 291 

The hazard map of the study area was categorized by grid method and based on field harvesting, satellite image 292 

processing, and the background of the research (Table 3). After harvesting the hazard points in each 2×2km grid, 293 

the kernel interpolation method (equation 7) was used as points for hazard mapping and the existing hazards were 294 

categorized: <1 very low value; 1–3 low; 3–5 medium; 5–7 high; and >7very high risk. Here, there may be 5 types 295 

of hazards in a grid that have a score of 5 and medium intensity, and in another grid there may be no hazards, 296 

which is assigned a very low score. The following equation was used to prepare the hazard map of the area: 297 

                                                                        298 

                                         (8)                     299 

Here, H = risk index, N = total risk, hs = number of risks per grid, and Lns= real level. 300 

Table 3: Insert here 301 

In fact, the purpose of the present analysis was to identify high-risk areas and adapt them to areas of high attraction, 302 

and, in line with identifying the attractive areas, the hazard map of the area was also prepared. Different areas 303 

were categorized according to the level of existing attraction and the different degrees of vulnerability. 304 

4. Results 305 

4.1 Evaluation of the Geological Index 306 

The value of the geological index was categorized from 2 to 9 units, indicating high variation in both the geological 307 

index and in geological formations in the study area. Most of the geological units are located in the northern, 308 

SLn

hsN
H

*
=
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central, and southeastern parts of the region due to the high diversity of tectonic units that make up the area. The 309 

existence of specific geological forms is one of the tourist attractions. This type of geological formation has great 310 

potential to attract tourists and researchers in this field (Mokhtari et al., 2019). 311 

4.2 Evaluation of Geomorphological Index 312 

The geomorphological index was categorized from 1 to 5 units, indicating high variation in form and formation 313 

processes in the study area. The highest frequency in geomorphological index density is in the center, north, and 314 

south. Here, from the top of the Reno Mountain in the north to the bottom of the Ghalarang Mountain, which leads 315 

to the border between Ilam and Lorestan, there is a great diversity in terms of geomorphological units. The 316 

abundance of geomorphological units in the southeastern part of the region, where the main unit of ruggedness, 317 

namely Kabir Kuh, lies is very noticeable but it is not as much as that of the central region. The least amount of 318 

diversity in the geomorphological index is in the eastern and western parts of the region; these areas include the 319 

mid-mountain plains of Karzan, Zangwan, and Lomar. In some parts of the eastern region, though very limited 320 

and only as points, and in others, the density and frequency of dynamic and structural geomorphological indices 321 

are lower. 322 

4.3 Evaluation of the Hydrological Index 323 

In this section, to highlight the role of the geomorphological index, the hydrological index was analyzed separately 324 

as a subdivision. The share of hydrological units in this division is more pronounced. In the hydrological index 325 

classification, scores ranged from 0 to 3 in which 3, as the highest score, was given to major rivers, important 326 

wetlands, and lakes. A score of 2 was assigned to subsurface rivers and springs and water resources, and a score 327 

of 1 to seasonal rivers and springs with low discharge. Scores of 0 in this classification were given to areas that 328 

lack any hydrological unit per grid (Pereira et al, 2013). The most attractive areas in terms of diversity in the 329 

hydrology index are located in the southeastern part of the region where the Simreh River, the most important 330 

river in Ilam Province, exists. 331 

4.4 Evaluation of the Geomorphosite Index 332 

The highest frequency in the geomorphic index is in the north, south, and parts of the eastern regions. From the 333 

top of the Reno and Banul Mountains in the north to the bottom of the Ghalarang Mountains, there exists a 334 

remarkable abundance of geomorphosites. In the eastern part of the region, the presence of featured works in the 335 

Chermin Mountains has caused the density and abundance of this index. Given that the study area is pristine, the 336 

distribution of this index has a high frequency, but its highest extent is in the northern and southern regions, and 337 
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its lowest distribution is in some areas of the east and west of the region, which include smooth areas and highlands 338 

such as Ilam, Karzan, Zangwan, and Lomar (Figure 4) (Table 4). 339 

Figure 4: Insert here 340 

 341 

Table4: Insert here 342 

4.5 Mineral Resources Index 343 

The mineral resource index overlaps completely with other geodiversity indices, and these resources include 344 

mineral resources, energy, and water resources including springs. In the study area, mineral resources have a high 345 

distribution and frequency. The share of fossil fuels in the region, such as oil and gas, is higher and more 346 

pronounced. One of the largest gas fields in Iran is located in the Kabir Kuh area. The sources of natural bitumen, 347 

coal, clay, quaternary sand, copper, iron, and ornamental stone resources, as well as piles of plant and animal 348 

resources, are located in the study area, which greatly contribute to the geodiversity attraction. According to Figure 349 

5, the highest frequency of mineral resource indices lies in the north, center, and south of the studied area, where 350 

they have the highest attraction potential, and the least share in the distribution of mineral resource lies in the west 351 

to the east of the region. 352 

4.6 Pedological Index 353 

This index includes the calculation of the number of soil classes in the study area per grid, which comprises 4 soil 354 

classes and 17 subcategories. The value of the pedological index was classified from 1 to 5, which indicates a 355 

high variation in the pedological index in the study area. The highest diversity in soil classes is in the northeast, 356 

east, and central regions and the least diversity is in the west and some parts of the central area. 357 

4.7 Paleontological Index 358 

The area under study for the paleontological index has great diversity and beauty (Ahmadi et al., 2018, 2015; 359 

Mokhtari et al., 2019). Since the area is located in the folded Zagros Mountains and consequently in the Zagros 360 

fault zone, there are numerous sources of fossil species in the area, ranging from fossils of terrestrial and marine 361 

species to plant ones. The highest density in the number of observed fossil species belongs to parts of the north 362 

and northeast areas of the region, where much biological evidence was obtained from the presence of various 363 

plant and animal fossil species. The districts of Ahangaran Valley and Bankul are among the sites that have a high 364 

score in this segmentation. 365 

 366 
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4.8 Historical Index 367 

In the studied area, there are many historical works which can be found in Sarabklan and Sifur Historical Hills, 368 

Ahangaran Cemetery, stone manuscripts of Quchali, Hossein Qoli Khan Wali, Wali Castle, and Chaga Khomi hill 369 

in Baba Shamsa village (Ahmadi et al., 2018, 2015; Mokhtari et al., 2019). They all play a role in the development 370 

and knowledge of geodiversity and the relationship between geodiversity and archeology, which reflects the high 371 

diversity of archeological sites in the study area (Table 5). Diversity in paleontological indices is evident 372 

throughout the region, but the highest frequency of the density of this index is in the northeast, east, and south of 373 

the region (Figure 5). 374 

Table 5: Insert here 375 

Figure 5: Insert here 376 

5. Discussion  377 

By overlaying the information layers in the GIS environment, the geodiversity map of the study area was prepared, 378 

then it was compared with the hazard map to identify areas of high vulnerability as well as areas with high 379 

geodiversity attraction. The purpose of this work is to identify areas which have high attraction and vulnerability 380 

levels, or have varying degrees of geodiversity and sensitivity. The results of the study showed that the level of 381 

attraction of each region is overlapped by the sum of all available indices. The highest score belongs to the areas 382 

that have the highest diversity in terms of these indices. The findings of the study showed that the amount of 383 

geodiversity in the study area varied between 15 and 37 points, with 15 being the least geodiverse and 37 the most 384 

(Figure 6). As shown in Figure 6, the most attractive areas are located in the north, center, and southeast of the 385 

region, including the entire protected areas of Manesht, Bankul and Ghalarang; the Gachan and Arghavan area; 386 

and to the south the Sivan Antidote and the Kabir Kuh area. These areas are among the most attractive zones of 387 

the region and Ilam Province in terms of geodiversity attractions. These zones can be considered as tourist 388 

destination targets. Diversity in geomorphological and geological forms, fossil species, soil classes, and the 389 

highest concentration of geomorphosites have made these areas the most attractive geodiversity areas. 390 

Accordingly, different regions have been transformed to varying degrees and classes based on the amount of 391 

geodiversity, and the attraction levels have been classified throughout the region according to Table 6.  392 

Attraction levels were classified according to 5 categories—very low, low, medium, high, and very high—and 393 

were based on the functions in Tables 5 and 6. Areas of moderate attraction in terms of geodiversity are mostly 394 

located in the center and east of the region, and areas of low attraction are in the west and also in the east of the 395 
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region, where they are not very extensive. Figure 6 shows the geodiversity attractions in the study area. According 396 

to Pereira et al, (2013), as the number of units in the final map of the region is greater than 15, it is moderately 397 

attractive, and more than 25 units per grid shows that it is highly attractive in terms of geodiversity (Nobre da 398 

Silva et al., 2019; Serrano and Ruiz-Flaño 2009). As a result, 71% of the region is of medium and high attraction. 399 

Table 6 and Figure 6 show the sum of the index of 37 units per grid, and the lowest score is 15. The results show 400 

that the region has very high geological diversity. 401 

Figure 6: Insert here 402 

Table 6: Insert here 403 

 404 

5.1 Hazards of the Area 405 

In the study area there are different types of hazards with human manipulation as the main cause. The most 406 

important of these hazards can be related to land movements (landslides, rockfall, etc.), a large part of which are 407 

caused by human manipulations such as irregular and numerous road constructions, destruction of vegetation, and 408 

other factors associated with these hazards (Hejazi et al., 2019). The hazards are concentrated in the center of the 409 

region and in the heart of the protected areas of Manesht, Bankul, and Ghalarang, and are now a serious challenge 410 

for travelers and tourists in the area. Flooding is another challenging hazard in the region, which is active in most 411 

areas due to the destruction of vegetation, which is very detrimental; a prominent example is the flood of 2015 in 412 

Ilam and the surrounding areas that resulted in extensive damage. Fire is one of the other hazards that is rooted in 413 

human factors and is a serious challenge for plants, animals, and even tourists during the warm season. Soil 414 

erosion, as another hazardous factor due to the degradation of the region’s ecosystems and the loss of vegetation, 415 

has an exacerbating trend that strengthens other hazards and affects them directly (Karimi et al., 2014).  416 

Table 7 shows the density of hazards per grid and Table 8 shows the area of hazard intensity. In the study area, 417 

various hazards are active and they pose a potential threat to the region’s ecosystems firstly and tourists 418 

subsequently (Mokhtari et al., 2019). Figure 7 shows the hazard map of the study area based on the grid method. 419 

According to the results of the map analysis, most of these hazards are concentrated in the central and southeastern 420 

regions, which corresponds to areas with high geodiversity attraction. Due to their particular sensitivity, these 421 

areas can survive only if they are exploited in a sustainable manner; otherwise, the entire area will become an 422 

unsustainable future basin facing a multitude of environmental challenges. 423 

 424 
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Table 7: Insert here 425 

Table 8: Insert here 426 

Figure 7: Insert here 427 

The results of overlapping hazard maps and geodiversity attractions of the region are shown in Figure 8. The 428 

results showed that most of the areas with many geodiversity attractions have many hazards as well. About 0.73 429 

of the whole study area has high and medium potential in terms of geodiversity, of which 0.71 has moderate and 430 

high hazards indicating high sensitivity and vulnerability of the area and its unsustainable utilization. According 431 

to the results of the present study, all areas of the region are exposed to severe human and natural hazards. These 432 

manipulators are not all tourists; the lack of proper management of the area, unstable development of industry, 433 

agriculture, and civil infrastructure are all exacerbating the hazards along with unstable development (Figure 8). 434 

Figure 8: Insert here 435 

6. Conclusion 436 

The study of geodiversity indices in Ilam Province shows the richness of this area in terms of geology, 437 

geomorphology, etc., and it also shows that geodiversity is an integral part of the existing capital in the region. 438 

According to the findings of the research model, 71% of the area is highly attractive in terms of geodiversity. 439 

Geodiversity attractions are present in most of the area and are located mainly in the north, center, and southeast 440 

of the area, including the protected area of Manesht, Bankul, Ghalarang; Gachan and Arghavan; and in the south 441 

the Sivan Antidote and the Kabir Kuh area. These areas are among the most attractive zones of the region and 442 

Ilam Province, in terms of geodiversity characteristics. The surveys carried out on hazard maps and geodiversity 443 

indicate high vulnerability of the area as well as degradation of the resources. According to the results of this 444 

study, all sources of geodiversity used by the tourists in the area are exposed to severe human hazards. Most of 445 

these hazards are concentrated in the central and southeastern regions, which corresponds to areas of very high 446 

attraction.  447 

The area under study has undergone serious unstable changes in recent years due to inadequate management. The 448 

most important of these damages are in the protected areas of Manesht, Bankul, and Ghalarang, which are among 449 

the main habitats of Ilam Province and which include valuable biological and terrestrial resources. Since all human 450 

activities are based on lithology beds, studies on the geomorphologic and tectonic systems of the area confirm the 451 

dependence of all the shaping processes on the geodiversity of sources within the study area on the feature of rock 452 
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lithology. Accordingly, due to the dependence of the activities of industry, agriculture, and tourism on these 453 

resources and their unstable exploitation, and the destruction of the lithology bed, we are witnessing the 454 

deterioration and destruction of these resources. The unstable exploitation of the region’s diversity resources 455 

damages the morphology, structure, and substrate of these resources; in this case, their equilibrium, which has 456 

developed over centuries, can be destroyed and the area is transformed from a stable region into an unstable one 457 

where morphogenic factors are highly sensitive. Since the users and tourists are under the direct influence of 458 

inappropriate advertising, as well as the area being under inappropriate management practices, the solution to this 459 

problem requires a thorough rethinking of the management of the whole integrated area. In this regard, aspects of 460 

economics, conservation, management, and education must be integrated and combined in order to enhance 461 

tourists’ and users’ knowledge and culture of ecological values in addition to helping them benefit from the 462 

economic aspects of these resources. As a result, the negative impacts will be reduced and sustainable 463 

development of the region will be achieved. 464 

 465 

Conflict of interest statement: No potential conflicts of interest were reported by the authors. 466 

References 467 

Ahmadi, M (2020). Assessment of Geomorphologic Processes in the Formation of Geomorphosites in Northern 468 

Ilam Province to Planning Sustainable Tourism Development. Ph.D. Thesis. University of tabriz. Tabriz. 469 

Ahmadi, M., Khodadadi, M., & Shahabi, H. (2018). Planning for ecotourism in the protected area of Manesht and 470 

Ghelarang, Ilam Province, Iran. Journal of Quality Assurance in Hospitality & Tourism, 19(2), 243–268. 471 

Ahmadi, M., Asgari, S., & Ghanavati, E. (2015). Land capability evaluation for ecotourism development in Ilam 472 

Province, a GIS approach. Boletim De Ciências Geodésicas, 21, 107–125. 473 

Alahuhta, J. Hulkko, T.A. Tukiainen, H. Purola, L. & Hjort, J (2018). The role of geodiversity in providing 474 

ecosystem services at broad scales. Ecological Indicators.91, 47-56. 475 

Araujo, A.M. & Pereira, D.I. (2018) A new methodological contribution for the geodiversity assessment: 476 

applicability to Ceará State (Brazil). Geoheritage, 10(4), 591–605. 477 

Bailey, J., Boyd, D.S., Lavers, C.P., & Field, R. (2017). Modelling native and alien vascular plant species richness: 478 

at which scales is geodiversity most relevant? Global Ecology and Biogeography, 26(7), 763–776. 479 

Bennett, M.R., & Glasser, N.F. (1996). Glacial Geology: Ice Sheets and Landforms. USA. Hoboken, New Jersey. 480 

John Wiley & Sons Ltd, p. 364. ISBN 0-471-96345-3. 481 



 
 

17 
 

Bétard, F. & Peulvast, J.P. (2019). Geodiversity hotspots: concept, method and cartographic application for 482 

geoconservation purposes at a regional scale. Environmental Management, 63, 822–834.  483 

Brandolini, P., Faccini, F., Piccazzo, M. (2006). Geomorphological hazard and tourist vulnerability along 484 

Portofino Park trails (Italy). Nat Hazards Earth Syst Sci, 6, 563–571. 485 

Brilha, J., Gray, M., Pereira, D.I., & Pereira, P. (2018) Geodiversity: an integrative review as a contribution to the 486 

sustainable management of the whole of nature. Environ Sci Pol, 86, 19–28. 487 

Brown, E.J. Evans, D.H. Larwood, J.G. Prosser, C.D. & Townley, H.C (2018). Geoconservation and geoscience 488 

in England: a mutually beneficial relationship. Proceedings of the Geologists' Association. 129(3), 492-504.   489 

Coratza, P., Vandelli, V., Fiorentini, L., Paliaga, G., & Faccini, F. (2019). Bridging terrestrial and marine 490 

geoheritage: assessing geosites in Portofino Natural Park (Italy). Water, 11, 2112. 491 

Crofts, R. (2019). Linking geoconservation with biodiversity conservation in protected areas. International Journal 492 

of Geoheritage and Parks.7, 211-217. 493 

Dollma, M (2019). Geotourism potential of Thethi National Park (Albania). International Journal of Geoheritage 494 

and Parks. 7, 85–90. 495 

Dong, H.M., Song, Y.G., Chen, T., Zhao, J.B., & Yu, L.P. (2014). Geoconservation and geotourism in Luochuan 496 

Loess National Geopark, China. Quaternary International, 334–335, 40–51. 497 

Ebrahimi, O., Ahmadi, M., Shahabi, S., & Asgari, S. (2017). Evaluation of karst features using principal 498 

component analysis (PCA): a case from Zarneh and Kergan, Western Iran. Carbonates Evaporites. 499 

DOI:10.1007/s13146-017-0373-2. 500 

Erikstad, L. (2013). Geoheritage and geodiversity management—the questions for tomorrow. Proceedings of the 501 

Geologists’ Association, 124, 713–719. 502 

Ghanavati, E. (2014). Flood Risk Zonation for Karaj City Using Fuzzy Logic. Geography and Environmental 503 

Hazards, 8, 23-25.  504 

Gordon, J.E. (2012). Rediscovering a sense of wonder: geoheritage, geotourism and cultural landscape 505 

experiences. Geoheritage, 4, 65–77. 506 

Gordon, J.E., Barron, H.F., Hansom, J.D., & Thomas, M.F. (2012). Engaging with geodiversity—why it matters. 507 

Proceedings of the Geologists’ Association, 123, 1–6. 508 

Gordon, J.E. (2020). Geoconservation principles and protected area management. International Journal of 509 

Geoheritage and Parks. 7(4), 199-210.  510 



 
 

18 
 

Gray, M. (2019). Geodiversity, geoheritage and geoconservation for society. International Journal of Geoheritage 511 

and Parks. 7(4), 226-236. 512 

Gray, M. (2013). Geodiversity: Valuing and Conserving Abiotic Nature. Second ed. USA. Hoboken, New Jersey. 513 

Wiley Blackwell, pp. 3–14. 514 

Gray, M. (2004). Geodiversity: Valuing and Conserving Abiotic Nature. Chichester, UK: Wiley. 515 

Hejazi, S., Ahmadi, M., & Shahabi, H. (2019). Estimation of soil erosion and sediment production in Kanger 516 

Basin by EPM model. Journal of Natural Environmental Hazards, 6(2), 1–22.  517 

Hjort, J., Heikkinen, K., & Luoto, M. (2012). Inclusion of explicit measures of geodiversity improve biodiversity 518 

models in a boreal landscape. Biodivers Conserv, 21, 3487–3506. 519 

Hjort, J. & Luoto, M. (2010). Geodiversity of high latitude landscapes in northern Finland. Geomorphology, 115, 520 

109–116. 521 

Ibáñez, J. Brevik, E.C. & Cerdà, A (2019). Geodiversity and geoheritage: Detecting scientific and geographic 522 

biases and gaps through a bibliometric study. Science of The Total Environment, 659(1), 1032-1044. 523 

Ilić, M.M., Stojković, S., Rundić, L., Ćalić, J., & Sandić, D. (2016). Application of the geodiversity index for the 524 

assessment of geodiversity in urban areas: an example of the Belgrade city area, Serbia. Geologia Croatica, 525 

69, 3. 526 

Jafarzadeh, A. & Mahdavi, H. (2017). Evaluation of forest fire risk using the Apriori algorithm and fuzzy c-527 

means clustering. Journal of Forest Science, 63(8), 370–380.  528 

Jamorska, Z.  Sobiech, M.  Karasiewicz, T. & Tylmann, K (2020). Geoheritage of Postglacial Areas in Northern 529 

Poland—Prospects for Geotourism. Geoheritage. 12(1), 1-13.  530 

Karimi, P., Naderi, T., Naseri, B., & Salajega, A.S. (2014). Comparison of models for landslide hazard zonation 531 

in Zangwan Ilam watershed. Journal of Rangeland and Watershed Management, 3, 459–474.  532 

Karimi, H., Naderi, F., Morshedi, A., & Nikseresht, M. (2011). Landslide hazard zonation in Chardwell Ilam 533 

watershed using Geographic Information System (GIS). Geotechnical Geology Quarterly, 7(4), 319. 534 

Karna, O.M., Heino, H., Laamanen, T., Jyrka, J., Mikkola, N., Pajunen, V., Soininen, J., Tolonen, K.T., Tukiainen, 535 

H. & Hjort, J. (2019). Does catchment geodiversity foster stream biodiversity? Landscape Ecol. 536 

https://doi.org/10.1007/s10980-019-00901-z(0123456789().,-volV)(0123456789().,-volV).  537 

Karna, O.M., Heino, J., Gronroos, M., & Hjort, J. (2018) The added value of geodiversity indices in explaining 538 

variation of stream macroinvertebrate diversity. Ecol Indic, 94, 420–429.  539 

https://www.researchgate.net/profile/Ali_Jafarzadeh?_sg%5B0%5D=DFxyWHqPiYJWyfOkSojTzII7nSEW48e2655x6c41owCJ_Px2NLyxUY9IjiHEAmW_HG4XNho.47UIwbKqWoYboVc1jaN3oRUwUPIvOmmjgBm4Uc3omRT_uUQnaVD9gn-SFeT6-Xz-ieU_hFD8imULXNJh1UBrOg&_sg%5B1%5D=Vv7kaiamKNfz51D_M4TFNLbJUXldxiqCdvSWSdZBRyLWAuZPvtB1NueVtv2XjKcIetrPB6DF2r9o088W.AJR0raF1EINA8KuaeOIw5fVBLlWakQnGn8TDxq1szZ59ftNT0pdhdf2YqJu3mGjGFs3w-3ExOhwIpIcxC6QJiw


 
 

19 
 

Kaskela, M., Rousi, H., Ronkainen, M., & Zhamoida, V. (2017). Linkages between benthic assemblages and 540 

physical environmental factors: the role of geodiversity in Eastern Gulf of Finland ecosystems. Continental 541 

Shelf Research, 142, 1–13. 542 

Knight, J. (2011) Evaluating geological heritage: correspondence on Ruban, “Quantification of geodiversity and 543 

its loss.” Proc Geol Assoc, 122(3), 508–510. 544 

Kuleta, M (2019). Geodiversity Research Methods in Geotourism. Geosciences, 8(6), 197.    545 

Lawler J.J., Ackerly, D.D., Albano, C.M., Anderson, M.G., Dobrowski, S.Z., Gill, J.L., Heller, N.E., Pressey, 546 

R.L., Sanderson, E.W., & Weiss, S.B. (2015). The theory behind, and the challenges of, conserving nature’s 547 

stage in a time of rapid change. Conserv Biol, 29(3), 618–629. https://doi.org/10.1111/cobi.12505. 548 

Leopold, A. (1949). A Sand County Almanac. Oxford: Oxford University Press. 549 

Lukic, T., Vidic, N., Jovic, G., Janiccevic, S., & Samardzija, D. (2009). The use of web-based dynamic maps in 550 

the promotion of the Titel Loess Plateau (Vojvodina, Serbia), a potential geotourism destination. Geographica 551 

Pannonica, 12(3), 78–84. 552 

Majnunian, H. (2001). Environmental capability assessment of Londavil Wildlife Refuge. Journal of 553 

Environmental Studies, 27, 23–33. 554 

Mansouri, R., Ghanavati, E., & Servati, MR. (2014). The assessment of geomorphological landscapes and 555 

geotourism potential role of the ilam province with respect to sustainable development. Journal of 556 

Geographical Data, 4, 5-12.  557 

Marco Scarsi, M., Crispini, L., Malatesta, C., Spagnolo, C., & i Capponi, C. (2019). Geological map of a treasure 558 

chest of geodiversity: the Lavagnina Lakes Area (Alessandria, Italy). Geosciences, 9, 229. 559 

Mokhtari, D., Roostaei, S., Khodadadi, M., Ahmadi, M., Ebrahimi, O., & Shahabi, H. (2019). Evaluation of the 560 

role of environmental education in Manesht and Ghelarang geotourism destination, Iran. Journal of Quality 561 

Assurance in Hospitality & Tourism, DOI:10.1080/1528008X.2019.1616039. 562 

Nieto, L.M. (2001). Geodiversidad: propuesta de una definition integradora. Boletin Geolögico y Minero, 112(2), 563 

3–12. 564 

Nobre da Silva, M.L., Leite do Nascimento, M.A., & Leite Mansur, K. (2019). Quantitative assessments of 565 

geodiversity in the area of the Seridó Geopark Project, Northeast Brazil: grid and centroid analysis. 566 

Geoheritage. 11, pages1177–1186. 567 



 
 

20 
 

Pellitero, R., González-Amuchastegui, M.J., Ruiz-Flaño, P., & Serrano, E. (2010). Geodiversity and 568 

geomorphosite assessment applied to a natural protected area: the Ebro and Rudron Gorges Natural Park 569 

(Spain). Geoheritage, 3(3), 163–174. 570 

Pereira, L.S. & da Silva Farias (2020). Assessing the cultural values of the geodiversity in a Brazilian city: The 571 

historical center of João Pessoa (Paraíba, NE Brazil), Mata da Aldeia chart. International Journal of 572 

Geoheritage and Parks. IN press. 10.1016/j.ijgeop.2020.03.002. 573 

Pereira, D.I., Pereira, P., Brilha, J., & Santos, L. (2013). Geodiversity assessment of Paranástate (Brazil): an 574 

innovative approach. Environ Manag, 52, 541–552. 575 

Pereira, P., Pereira, D., & Caetano Alves, M.I. (2007). Geomorphosite assessment in Montesinho Natural Park 576 

(Portugal). Geographica helvetica 62(3):159-168. 577 

Perotti, L., Carraro, G., Giardino, M., De Luca, D.A., & Lasagna, M. (2019). Geodiversity evaluation and water 578 

resources in the Sesia Val Grande UNESCO Geopark (Italy). Water, 11, 2102, DOI:10.3390/w11102102.  579 

Pope, G.A., Meier ding, T.C., Paradise, T.R. (2002). Geomorphology’s role in the study of weathering of cultural 580 

stone. Geomorphology, 47, 211–225. 581 

Pralong, J.P. (2005). A method for assessing the tourist potential and use of geomorphological sites. 582 

Géomorphologie: relief, processus, environnement, 3, 189–196. 583 

Rostami, N. & Kazemi, U. (2019). Flood hazard zoning in the Ilam city using AHP and GIS. Journal of Spatial 584 

Analysis Environmental Hazards, 6(1), 179–193. 585 

Ruban, D.A. (2015). Geotourism—a geographical review of the literature. Tourism Management Perspectives, 586 

15, 1–15. 587 

Ruban, D.A. (2010) Quantification of geodiversity and its loss. Proc Geol Assoc, 121(3), 326–333. 588 

Santos, D.S., Mansur, K.L., Gonçalves, J.B., Arruda, E.R.J., & Manosso, F.C. (2017). Quantitative assessment of 589 

geodiversity and urban growth impacts in Armação dos Búzios, Rio de Janeiro, Brazil. Appl Geogr, 85, 184–590 

195. 591 

Serrano, E. & Ruiz-Flaño, P. (2009). Geomorphosites and geodiversity. In: Reynard, E., Coratza, P., 592 

RegoliniBissig, G. (eds.), Geomorphosites. München: Pfeil, pp. 49–61. 593 

Serrano, E. & Ruiz-Flaño, P. (2007b). Geodiversity: concept, assessment and territorial application. The case of 594 

Tiermes-Caracena (Soria). Boletín de la Asociación de Geógrafos Españoles, 45(45), 389–393. 595 

Serrano, E. & Gonzalez-Trueba, J.J. (2005). Assessment of geomorphosites in natural protected areas: the Picos 596 

de Europe National Park (Spain). Géomorphologie: formes, processus, environnement, 3,197–208. 597 



 
 

21 
 

Silva, M.L.N. (2018) Serviços Ecossistêmicos e Índices de Geodiversidade como Suporte da Geoconservação no 598 

Geoparque Seridó. Dissertation, National Museum, Federal University of Rio de Janeiro, Rio de Janeiro. 599 

Silva, J.P., Rodrigues, C., & Pereira, D.I. (2015) Mapping and analysis of geodiversity indices in the Xingu River 600 

basin, Amazonia, Brazil. Geoheritage, 7(4), 337–350. 601 

Solarska, A. & Jary, Z. (2010). Geoheritage and geotourism potential of the Strzelin Hills (Sudetic Foreland, SW 602 

Poland). Geographica Pannonica, 14(4), 118–125. 603 

Stavia, I. Rachmilevitchb, S., & Yizhaqc, H. (2019). Geodiversity effects on soil quality and geo-ecosystem 604 

functioning in drylands. Catena, 176, 372–380. 605 

Stavi, I., Rachmilevitch, S., Hjazin, A., & Yizhaq, H. (2018). Geodiversity decreases shrub mortality and increases 606 

ecosystem tolerance to droughts and climate change. Earth Surf Process Landforms, 43, 2808–2817. 607 

Stein, A., Gerstner, K., & Kreft, H. (2014). Environmental heterogeneity as a universal driver of species richness 608 

across taxa, biomes and spatial scales. Ecol Lett, 17, 866–880. https//: doi.org/10.1111/ele.12277. 609 

Telbisz, T. Gruber, P. Mari, L. Kőszegi, M. Bottlik, Z. & Standovár, T (2020). Geological Heritage, Geotourism 610 

and Local Development in Aggtelek National Park (NE Hungary). Geoheritage. 12(1), 1-18. 611 

Tukiainen, H., Alahuhta, J., Field, R., Ala-Hulkko, T., Lampinen, R., & Hjort, J. (2017). Spatial relationship 612 

between biodiversity and geodiversity across a gradient of land-use intensity in high-latitude landscapes. 613 

Landscape Ecol. https://doi.org/ 10.1007/s10980-017-0508-9.  614 

Vasiljevic, D.A., Markovic, S.B., Hose, T.A., Smalley, I., Basarin, B., Lazic, L., & Jovic, G. (2011a). The 615 

introduction to geoconservation of loess-palaeosol sequences in the Vojvodina region: significant geoheritage 616 

of Serbia. Quaternary International, 240, 108–116.  617 

Vujicic, M.D., Vasiljevic, D.A., Markovic, S.B., Hose, T.A., Lukic, T., Hadzic, O,. & Janicevic, S. (2011). 618 

Preliminary geosite assessment model (GAM) and its application on Fruska Gora Mountain, potential 619 

geotourism destination of Serbia. Acta Geographica Slovenica, 51-3, 361-376. http://dx.doi.org/10.3986/ 620 

AGS51303. 621 

Wang, Y. Wu, F. Li, X & Chen, L (2019). Geotourism, geoconservation, and geodiversity along the belt and road: 622 

A case study of Dunhuang UNESCO Global Geopark in China.  Proceedings of the Geologists' Association. 623 

130(2), 232-241. 624 

Wang, L., Tian, M., & Wng, L. (2015). Geodiversity, geoconservation and geotourism in Hong Kong Global 625 

Geopark of China. Proceedings of the Geologists’ Association, 126(3). 626 



 
 

22 
 

Wang, L.L., Tian, M.Z., Wen, X.F., Zhao, L.L., Song, J.L., Sun, M., Wang, H., Lan, Y.H., & Sun, M. (2014). 627 

Geoconservation and geotourism in Arxan-Chaihe Volcano Area, Inner Mongolia, China. Quaternary 628 

International, 349, 384–391. 629 

Zwoliński, Z. (2004). Geodiversity. In: Encyclopedia of Geomorphology, Vol. 1. New York: Routledge, pp. 417–630 

418. 631 

 632 

 633 

  634 



 
 

23 
 

 635 
Table 1: Quantitative applied weight of Indices based on grid method.  636 

 637 
 638 

Table 2: Scientific evaluation of geomorphosites (maximum weight: 5) (Pereira et al, 2007). 639 
 640 

 641 
 642 
 643 
 644 
 645 
 646 
 647 
 648 
 649 
 650 
 651 
 652 
 653 
 654 
 655 
 656 
 657 

Indices  Layers and 

Weights 

Data  

Geomorph-

ological  

Hydrology map Main river 
 

Lake 
 

Medium river Spring 
 

Aqueduct 

Weight 3 3 2 1 1 

Geomorphological 

Index 

Based on the number of Geomorphological Index per 2×2km grid.  

Methods   Grid analysis; map used; Topography 1:100,000; Geomorphology 1:100,000, and hydrology 1:100,000.  

Geological  Geology map  Period Epoch Stage Group Formation 

Methods Grid analysis; Map used; Geology map 1/100,000.  

Paleontologic

al  

Paleontological 

map 

The number of 
2fossils per km 

Plant 
fossils 

Animal 
fossils 

Statues Inscriptions 

Methods Grid analysis, map used; geological and geomorphological maps in 1/100,000, Map of Paleontological formations, and 

main paleontological sites of north of Ilam province.  

Pedological  Pedological map  Argisole Cambisols Chernosols Spodo-sols Gleysols Nitosols Lato-
sols 

Neo-
sols 

Organ-
sols 

Methods Grid analysis, map used; soil map 1/100,000 of Ilam province. 

Mineral 

Occurrences 

Mineral resources 

map 

Based on the number of mineral occurrences Index per 2×2km grid. 

Methods Grid analysis, map used; mineral resources map in 1/100,000.  The map of mineral resources in the north of Ilam 
province that Produced by Ilam University, 2017. 

Historical  Historical map Manuscripts Historical cemeteries petroglyphs 

Methods Grid analysis, map used; Historical map in 1/100,000 (Ahmadi, 2020). 

Geomorpho

sites  

Geomorphosites 

map  

Selected Geomorphosites based on previous studies that include fourteen geomorphosites (Ahmadi, 2020: Mokhtari et 

al, 2018, and 2019). 

Methods Grid analysis; Scientific evaluation of geomorphosites (maximum weight: 5). (Pereira et al, 2007). 

Scientific Evaluation of Geomorphosites (Maximum Weight: 0.55) 

In Integrity of lands Ra Rareness in relation to the area 

1 Maximum weight 1 Maximum weight 

Dv Attractive geomorphological forms 

(diversity) 

Rp Representative of geomorphological and educational 

processes 

1 Maximum weight 2 Maximum weight 

Rn Unique as a natural phenomenon Ge Scientific information on geomorphology issues 

0. 5 Maximum weight 0. 5 Maximum weight 

Kn Other geomorphological phenomena with heritage value  

  0.05 

 

Maximum weight 
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Table 3: Distribution of hazard types in the area based on grid method. 658 

 659 

Table 4: Applied weight and attraction level of geological, geomorphological, hydrological, and geomorphosite units 660 
Geology Index Weight 2 4 6 8 9 

Attraction Level Very low Low  Intermediate  High  Very high  

)2Area (km 22.10 220.03 353.25 515.09 285.63 

Geomorphology Index Weight 1 2 3 4 5 

Attraction Level Very low Low  Intermediate  High  Very high  

)2Area (km 55 146 388 372 435 

Hydrology Index Weight 0 1 2 3 4 

Attraction Level Very low Low  Intermediate  High  Very high  

)2Area (km 41.75 293.11 379.04 454.8 227.4 

Geomorphosite Index Weight 0 1 2 3 4 

Attraction Level Very low Low  Intermediate  High  Very high  

)2Area (km 261.5 235.58 566.88 202.06 130.51 

 661 

Table 5: Applied weight and attraction level of mineral resources and pedological, paleontological, and historical units 662 

Mineral Resources Weights  1 2 3 4 5 

Attraction Level Very low Low Intermediate High Very high 

)2Area (km 8.83 97.26 431.53 342.03 456.39 

Pedological Index Weighs  1 2 3 4 5 

Attraction Level Very low Low Intermediate High Very high 

) 2Area (km 28.78 247 716.10 152.49 148.73 

Paleontological Index Weighs 1 2 3 4 5 

Attraction Level Very low Low Intermediate High Very high 

)2Area (km 19.9 358.28 559.48 28.87 60.96 

historical Index Weighs  0 1 2 3 4 

Attraction Level Very low Low Intermediate High Very high 

)2Area (km 34.02 272.16 667.66 341.37 80.87 

 663 

Table 6: Area of each geomorphological diversity index in the study area in kilometers and score based on frequency per 664 
grid  665 

Geodiversity Index (Attraction 

Level)  

Very low Low Intermediate High Very high 

)2Area (km 92.72 129.81 441.83 466.03 265.70 

)2Distribution of areas (km 6.62 9.27 0.31.6 0.33.38 0.19 

 666 

Table 7: Hazard categories in the study area using the grid method 667 
Geomorphic Hazard Index <2 2–3 3–4 4–5 

)2Area (km 34.36 91 168 210 

Abbreviation signs H1 H2 H3 H4 

Geomorphic Hazard Index 5–6 6–7 7–8 >8 

)2Area (km 259 222 255 156 

Abbreviation signs H5 H6 H7 H8 

 668 

Hazard Index 

Type  

Landslide Rockfall 

 

Rock Slip Human Hazards 

References  Karimi et al., 2014 

Mokhtari et al., 2019 

Ahmadi et al., 2018 

 

Karimi et al., 2014 

Karimi et al., 2011 

Mokhtari et al., 2019 

Ahmadi et al., 2018 

Karimi et al., 2014 

Mokhtari et al., 2019 

Ahmadi et al., 2018 

 

Karimi et al., 2011 

Mokhtari et al., 2019 

Ahmadi et al., 2018 

Hazard Index 

Type  

Soil Erosion Fire Hazards Flood Road Hazards 

References Hejazi et al., 2019 

Ahmadi et al., 2018 

Mokhtari et al., 2019 

 

Mokhtari et al., 2019 

Ahmadi et al., 2018 

Jafarzadeh & Mahdavi, 

2017 

Mokhtari et al., 2019 

Rostami & Kazemi, 2019 

Ahmadi et al., 2018 

Ghanavati, 2014 

 

Mokhtari et al., 2019 

Ahmadi et al., 2018 

https://www.researchgate.net/profile/Ali_Jafarzadeh?_sg%5B0%5D=DFxyWHqPiYJWyfOkSojTzII7nSEW48e2655x6c41owCJ_Px2NLyxUY9IjiHEAmW_HG4XNho.47UIwbKqWoYboVc1jaN3oRUwUPIvOmmjgBm4Uc3omRT_uUQnaVD9gn-SFeT6-Xz-ieU_hFD8imULXNJh1UBrOg&_sg%5B1%5D=Vv7kaiamKNfz51D_M4TFNLbJUXldxiqCdvSWSdZBRyLWAuZPvtB1NueVtv2XjKcIetrPB6DF2r9o088W.AJR0raF1EINA8KuaeOIw5fVBLlWakQnGn8TDxq1szZ59ftNT0pdhdf2YqJu3mGjGFs3w-3ExOhwIpIcxC6QJiw
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 669 
 670 

Table 8: Intensity of geomorphological hazards in the study area using the grid method  671 
 672 

Hazards Very low Low Intermediate High Very high 

)2Area (km 33.32 99.97 424.5 498.2 340.4 

Geodiversity Index 

(Attraction Level)  
Very low Low Intermediate High Very high 

)2Area (km 92.72 129.81 441.83 466.03 265.70 

 673 

 674 

  675 
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 676 

 677 

 678 

 679 

 680 

 681 

 682 

 683 

 684 

 685 

 686 

 687 

 688 

Figure 1: Study area  689 

 690 

 691 

Figure 2: Research flowchart 692 
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 693 
 694 

 695 

 696 

 697 

 698 

Figure 3. Schematic representation of centroid analysis method proposed by Silva et al, 2019, and Forte et 699 
al. (2018) and applied in this study 700 

 701 

 702 

 703 

 704 

 705 

 706 

 707 

 708 
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 709 

 710 

Figure 4: (a) Geology Attraction level, (b) Geomorphological Attraction level, (c) Hydrological attraction 711 
level, and (d) Geomorphosites attraction level.  712 

 713 

 714 

 715 

 716 

 717 
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 718 

 719 

 720 

 721 

Figure 5: (a) Mineral Resources Attraction level, (b) Pedological Attraction level, (c) Paleontological attraction 722 
level, and (d) Historical attraction level.  723 

 724 

 725 

 726 
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Figure 6: Geodiversity attraction in the study area based on the grid method. 727 

 728 

 729 

Figure 7. (a) : Hazard Categories in the Study Area used Grid Method, and (b) Geomorphological Hazards intensity 730 
in the Study Area based on the grid method.  731 
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 732 

 733 

 734 

 735 

 736 

 737 

Figure 8: Overlay of geodiversity and hazard indices using grid analysis; geodiversity attraction level and 738 
hazard categories level 739 

 740 


