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Abstract—In this research ,the role of Dashli Borun geological site in the Gonbad-e Kavus area with a special view on 

it s mud volcano and its importance in local economic and sustainable tourism development was studied.The mud 

volcano of this geo-site includes Inche Borun,which is a geological heritage with outstanding scientific, cultural , 

touristic ,industrial and educational values that ,in this research, its therapeutic effects were proved.The 

mineralogical and geochemical studies carried out by XRF&XRD methods show that Inche Borun mud volcano has 

no significant toxic substances; it s main minerals are dolomite, calcite, quartz and clay minerals such as smectite, 

kaolinite and illite.there is a high amount of elements calcium,magnesium, aluminium,sodium,iodine,copper, 

bromine,potassium,organic acids,bicarbonate and aromatic hydrocarbons.so the mud volcano has a therapeutic 

aspect and can be one of the essential destinations for curative geo-tourism. 

The geological site of Dashli Borun with having  geo - potential  and unique geomorphologic phenomenon ( Inche 

Borun mud volcano) that has curative potential ,besides another potential ;if tourism infrastructures provided in that 

area ,such as suitable access roads, accommodation, welfare, security, signposts, proper supervision and efficient 

management, training of local individuals ,etc.,can become a real geo-site with aesthetic resources. 

 It also achieves its goals through conservation, education ,and tourism. the goals consist of generation a range of 

economic benefits for local people ( local economic development), enhancing livelihoods, income generation, creating 

jobs ,infrastructure improvement ,and removing deprivation. 
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1. Introduction 

The Geo-sites are geological or geomorphological sites with a recognized value through an audit, assessment 

, and selection process, that conservation of them for scientific, educational, geo-tourism ,and other uses is an 

essential part of the conservation of geoheritage [13]. 

In this research, for the first time ,the geo-site of Dashli Borun in northwest Gonbad-e Kavus city, with a special 

view on its mud volcano and its role in sustainable tourism development and in attracting maximum tourists and 

local economic development was studied.so after library studies, several field studies was made in northwest of 

Gonbad-e Kavus and observation performed at Inche Borun mud volcano during May ,2022. 

In order to geochemical studies to find its therapeutic effects, several samples of water and mud were collected 

from a depths of about 10-20 cm from different parts of mud volcano and placed in sterilized containers.These 

samples were analyzed by XRF and XRD methods. Mud and water separated by settling, filtered ,and analyzed 

at Binaloud lab. and the appearance characteristics of mud and water in the field were noted. 

 

2. Geologic setting of Dashli Borun region  

        l   o  n      pl     n            n          N at the northwest of Gonbad-e Kavus city , Golestan 

province.( Figure 1). this region contains a attractive geomorphological phenomenon as name Inche Borun mud 

volcano which locate in Tertiary – Quaternary sequences in the studied area.this sequences includes Cheleken, 

Aghchagyl and Apsheron Formations and alluvial deposit that mainly consist of limestone, marl, clay, silt, 

gravel , sand and mollusca fossils. 

considering that the mud volcanoes in the world are of two types, hot and cold. so that  hot mud volcanoes are 

associated with igneous volcanoes ,and the temperature of the extruded water and mud varies from 70° to 90°C, 

much higher than the ambient temperature [11] and cold mud volcanoes are sedimentary-tectonic in origin and 

are formed by the subduction of oceanic crust of the under deposits continental.this mud volcanoes are entirely 

unconnected with the igneous activity with water and mud at the same or lower than ambient temperature.these 

eruptions are associated with seismic activity, fracture formation, ground deformation, and emplacement of mud 

breccia flows [14]. Based on studies done , the Inche Borun mud volcano is cold and sedimentary-tectonic type. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1. position of Dashli Borun region and Inche Borun mud volcano on the northwest of the Gonbad-e Kavus 
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2.1. Geology and geomorphology of Inche Borun mud volcano 

      o   p    l lo    on o   n     o  n m    ol  no    o        n     P                n          N. this 

mud volcano is located in Dashli Borun district ,about 42 kilometers northwest of Gonbad-e Kavus, in the 

vicinity of a lake named the same and on the plain and salty lands.( Figure 1) 

on the base of morphological characteristic ,this mud volcano is in the form of a mud pool and its crater is 20 

meters in diameter morphologically,its depth is 10 meters ,and the total area is 750 square meters. this mud 

volcano is 8 to 10 meters above the level of Inche Lake.the mud of this mud volcano is very loose ,and on its 

surface, due to the release of methane gas, boiling can be seen in several places. 

The smell of methane gas and other hydrocarbon compounds strongly felt in the area.around the crater, mud 

cracks are visible.( Figure 2 ).Water is containing sodium chloride ,and aromatic petroleum substances comes 

out of this volcano.the mud consists of clay particles and silt in light gray color ,and among materials forming 

this mud volcano can refer to sands, silt, and types of clay, rubble, clasts, abundant water, and hydrocarbon 

gases. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 2. Images of Inche Borun mud volcano 

 

3.Composition and main elements of sludge and waters out of mud volcano 

On the based of studied done , Outflow materials from Inche Borun  mud volcano, including oil-saturated 

terrigenous and carbonate rocks ,clay , silt and large amounts of methane and carbon dioxide. the most common 

gas, other than methane, is usually carbon dioxide.Nitrogen and hydrogen sulfide may be present in significant 

concentrations, but most often, they are trace gases. the mineralogical analysis, X-ray powder diffraction (XRD) 

on b lk   mpl    n  < 0  n  <   μm       on ,    b  n  n     k n  o    n   y      on      n  m n   l  o      

sediments.based on the results of the bulk mineralogical and its variability, a group of samples selected to 

     m n   l y m n   lo y.    p n  on  o  < 0  n  <  μm       on  w      p       by   n       .O   n    

           o  < 0  n  <  μm   z   o     l     l     w     n lyz      o    XR  on         ,  ly ol    , n  

heated samples [9] [10].   

     l y m n   lo y o      < 0  n  <  μm       on  o   ll       mpl             z   by  ll   ,   lo    , k ol n    

,and smectite. Based on XRD mineralogy of samples ,the most abundant clay mineral at Inche Borun mud 

volcano, is smectite and illite and, the most abundant carbonate , is calcite and dolomite .(Table 1).based on 

XRF analysis of samples,the major element composition of the mud volcano has been measured(all values in 

ppm)(Table 2)  
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The base of studies done ,the mud solution has no significant toxic substances and the mud has found to contain 

quantities of curative properties (iodine, bromine, copper, aluminium ,calcium, magnesium, organic acids ,and 

aromatic hydrocarbons ) thus it has recommended as a curative agent. 

 

 
Table 1. XRD mineralogy of samples from Inche Borun mud volcano 

 

 

 

 
Table 2. geochemical results from Inche Borun mud volcano (by XRF method- ppm)  

 

 

 
Table 3. water properties of Inche borun  Mud volcano (all values in ppm). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Major Mineral Minor Mineral Sample No. 

kaolinite, smectite, illite ,calcite ,quartz , dolomite Muscovite, Albite , Gypsum, chlorite  ,halite N1 

calcite ,quartz,,smectite, kaolinite illite , halite , orthoclase ,chlorite  ,Muscovite, N2 

calcite , dolomite   ،illite ,smectite, Muscovite, Gypsum, chlorite,  orthoclase , halite N3 



 

 

4. The importance of  Dashli Borun geological site  

The importance of Dashli Borun geological site in the line sustainable geotourism and local ecomoic 

development  is related to potential of Inche Borun mud volcano in this area. 

 

Based on geochemical studies in this research , Inche Borun mud volcano has a therapeutic aspect and can be 

one of the important destinations for medical tourism.the studies showed :in this mud volcano, there is no 

significant toxic substances and there is a high amount of elements potassium,bromine, calcium, copper, iodine,  

magnesium, sodium, aluminium ,organic acids , aromatic hydrocarbons ,and bicarbonate ,that people by using 

of this mud can make up for the lack of some elements such as sodium, calcium, iodine and other substances 

their bodies need .nowadays mud- therapy has an especial status and many physicians have realized its 

effectiveness, therefore this mud volcano will attract many people for treatment. 

 

also the Inch Borun mud volcano contains  applied scientific information about subduction in region,detecting 

           o      on’     l   ,  n    n     l  xplo   o y     m   on     o    w             on ’    p  y  o   bon 

reserves and  information on oil  and gas movement can be accessed freely. so ,this mud volcano  as a scientific 

educational geo-site,can attract many scientific tourists. this feature of mud volcano is in line with the definition 

of modern tourism( Knowledge - based tourism). 

 

The Inche Borun mud volcano is well used in the pottery industry and enjoy especial attributes. Unlike clay, it 

 o  n’    k   o  lon   o       m    o b      y  o      n po    y,       pol      b         n  l y,  n            k    

   n  l y,        l x bl ,     o  n’     l,     o  n’          k  ,            x    ol m ,  n  res high temperature 

even up to 800 degrees and it turns creamy and beautiful having been baked . 

 

According to mentioned subjects, and attention to these points that geo-sites are considered one of the best 

forms of sustainable tourism ,that will provide jobs and goods and services related to geo-sites [1]. and, that 

have abled to generate novel ideas for business development for local people, such as geo-tours, geo- products, 

geo-museums, geo-sports,geo-restaurant, geo-bakeries, hotels and health centers [4].so geo-sites can attract 

many domestic and international tourists and cause local entrepeneurship as a way to improve local economic 

development [12]. 

 

According to the mentioned items ,the geo-site of Dashli Borun as one of iran s geo- sites that has  unique 

geomorphological and ecological effects can be successful in the attraction of maximun tourists , economic 

returns and, entrepreneurship development in area and is chosen as one of Iran s best ecotourism spots in the 

line with sustainable tourism. 

 

 

5. Discusion and Conclusion  

The geological site of Dashli Borun with exciting and unique geomorphologic phenomenon (Inche Borun 

mud volcano) ,besides cultural, social, economical, historical ,and anthropological potentials  has curative 

potential.geochemical studies showed there is no toxic substances in this mud volcano and contain a high 

amount of elements copper, iodine, bromine, magnesium, aluminium, sodium, calcium ,and bicarbonate ,and 

their correct and principled use compensates for the lack of these elements in the body ,so this mud volcano has 

therapeutic effects and can be one of the essential destinations for medical tourism and can attract a large 

number of domestic and foreign tourists . 

 

 

 



 

 

 

 

This geological site can be effective in adding scientific content and making tourism professional as well as the 

local economy and creating jobs besides preserving geology heritage and land conservation . 

considering that the geological site acquires a tourism value, it will find  international,national significance in 

addition to that a geological heritage being used to promote sustainable development ,so it is necessary to assess 

the possible natural hazard processes which might threaten the safety of visitors. 

According to mentioned subjects , the geological site of Dashli Borun with  having geo - potential ,and another 

potential can become a real geo-site with aesthetic resources if tourism infrastructures provided in that area 

,such as :suitable access roads, accommodation and welfare, security, signposts, proper supervision , efficient 

management, training of local individuals, and etc. 

This geological site ,also within the international ,national, regional and local frameworks can offer new 

development and employment and also generate a range of economic benefits for local communities 

opportunities for local people and can be one of the essential tools in development ,income generation , 

infrastructure improvement ,and  removing deprivation.. 

 

References 

[1] Bentivenga, M., Cavalcante, F., Mastronuzzi, G., Palladino, G. , Prosser, G. ,2019. Geoheritage: The foundation for sustainable geo- 
tourism. geoheritage, 11 (4), 1367–1369. 

 

[2] Dowling, R. K., Newsome, D., 2018. Geo-tourism destinations – Visitor Impacts and Site Management Considerations. Czech Journal of  
Tourism, 6(2): 111-129.  

 

[3] Dowling, R.K., Newsome, D., 2010. Geo-tourism: The tourism of geology and landscape Good fellow, Book Review,Publishers Ltd,  
Oxford, 1- 246. 

 

[4] Farsani, N.T., Coelho, C., Costa, C., 2011. Geo-tourism and geoparks as novel strategies for socio-economic development in rural areas. 
 International Journal of Tourism Research, 13(1), 68–81. 

 

[5] Fasl-e-Bahar, J., Fasl-e-Bahar, Sh., 2008. Mud Volcano Phenomenon and its Environmental Effects, Humans and Environment, no.6 
 

[6] Ghasemi, M., Ghanavati, E., Kazemi, J.,2021. Identifying the Most Effective Geosite Evaluation Models in Iran Using Delphi and  

Analytic Hierarchy Process Methods, Quaestiones Geographicae, Vol.40, Edición 3. 
 

[7] Huseynov, DA., Guliyev, IS., 2004. Mud volcanic natural phenomena in the South Caspian Basin: geology, fluid dynamics and 

 environmental impact, Environmental Geology, 46:1012–1023. 
 

[ ]    no  ć,M., L k ć, ., M l n  j   ć,N.,  ojo  ć,V., V lj     ć,A., 0  .A     m n  o    o           b      o    o o    m     lopm n :  

A case study of the Toplica District, Serbia, Open Geosciences, Volume 15, Issue 1 . 
 

[9] Martín-Puertas, C., Mata, MP., Fernández-Puga ,MC., Díaz Del Río, V., Vázquez, JT., Somoza, L., 2007. A comparative mineralogical  

study of gas-related sediments of the Gulf of Cádiz. Geo-Marine Letters, 27(2-4) 223-235 
 

[10] Moore, DM., Reynolds, RC., 1997. X-ray diffraction and the identification and analysis Of clay minerals. Oxford University Press, 
 Oxford, 378. 

 

[11] Negaresh, H., Khosravi, M., 2008. the Geomorphic and Morphometrics of Napag Mud Volcano in the South Eastern Area of Iran, 
 Journal of Humanities the University of Isfahan ,30(2) 51-68. 

 

[12] Newbery, R., Siwale, J., Henley, A., 2017. Rural entrepreneurship theory in the developing and developed world. International Journal  
of Entrepreneurship and Innovation, 18(1), 3-4. 
 
[13] Reynard, E., Brilha, J., 2018. Geoheritage: A multidisciplinary and applied research topic. In Geoheritage: Assessment, Protection, and 
 Management; Elsevier: Amsterdam, The Netherlands, 3–9.  

 
[14]Yazdi, A., 2013. Poten   l  o     n’    o o    m  n            o  M   Vol  no   J.      .Appl        n   R       ,  ( )  0-358. 
 

https://sciendo.com/search/filterData?commonSearchText=Ezatollah+Ghanavati
https://sciendo.com/es/journal/QUAGEO
https://sciendo.com/es/issue/QUAGEO/40/3
https://sciendo.com/es/issue/QUAGEO/40/3
https://www.degruyter.com/journal/key/geo/html
https://www.degruyter.com/journal/key/geo/15/1/html

