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Abstract

The Dehmolla area, located west of Shahroud (Semnan Province) along the southern margin of the Eastern Alborz Mountains, is
one of the most valuable geosites in Iran for the development of scientific geotourism. This is due to its continuous succession of
Precambrian to Jurassic sedimentary rocks, high diversity of fossils and ichnofossils, characteristic sedimentary structures (including
ripple marks, syneresis cracks, cross-stratification, and salt pseudomorphs), and remarkable structural features (unconformities,
folding, and klippen). In this study, four main geological themes of the Dehmolla area have been investigated, and its geotourism
potential has been evaluated based on scientific, educational, accessibility, and infrastructural criteria. The results indicate that
Dehmolla, with its high density of geological phenomena within a limited area, easy accessibility (being situated along the main
Tehran—Shahroud highway), and the availability of scientific accommodation at the Dehmolla mining and educational complex, has

the capacity to become a regional geopark and a hub for geology education in the Middle East.
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Introduction

Geotourism, as a branch of sustainable tourism, focuses on
conserving and promoting geological and geomorphological
features and plays a significant role in the economic
development of regions with geological potential. Due to its
tectonic position within the Alpine—Himalayan belt, Iran
exhibits remarkable geological diversity; however, many of
its geosites have not yet been adequately presented or
protected.

In recent years, geotourism has played a significantly
contributed to the recognition and development of various
regions and has attracted numerous enthusiasts. In many
areas, it has even surpassed other branches of tourism in
terms of growth and expansion (Amri Kazemi 2016; Amore et al.
2020; Bernini et al. 2020; Maghsoudi et al. 2019). Geotourism is
fundamentally based on the identification and interpretation
of geomorphosites and geologically significant landscapes.
Geosites are locations that have acquired special scientific
and societal value due to growing human awareness and
appreciation. These sites may have formed through
endogenous or exogenous geological processes, and visitors
are attracted to them because of their distinctive physical
characteristics. Geosites generally possess two main

categories of value: scientific value and additional values,
including economic, aesthetic, environmental, historical, and
cultural significance (Comanescu et al. 2012).

The Dehmolla region, located west of Shahroud along the
southern margin of the Eastern Alborz Mountains, is one of
the key areas for studying the Paleozoic and Mesozoic
geology of Iran (Fig. 1). Due to its excellent outcrop quality,
easy accessibility, available facilities, fossil diversity, unique
sedimentary structures, and prominent tectonic evidence, the
region possesses exceptional potential for the development of
scientific and educational geotourism. The present study aims
to provide a comprehensive overview of the geological
characteristics of the Dehmolla region within four principal
frameworks—paleontology, sedimentary structures,
stratigraphy, and tectonics—and subsequently evaluate its
geodiversity potential based on scientific, educational,
accessibility, and infrastructural criteria.

Materials & Methods

This study is based on nearly three decades (1995-2025) of
the author’s field experience in the Dehmolla region and
adjacent areas, including Kharbash Mountain, Dehmolla
Valley, and the northern highlands of the village. During this

*Corresponding author

Taheri A. (2027). Geotourism of the Deh-Molla Area (Shahrud), with emphasis on paleontology, sedimentary structures, stratigraphy,
and tectonics. Journal of Stratigraphy and Sedimentology Researches, 43(1): 25-46. https://doi.org/10.22108/jssr.2026.148857.1330

2423-8007 / © University of Isfahan

SIOISS

This is an open access article under the CC BY-NC-ND 4.0 License (https://creativecommons.org/licenses/by-nc-nd/4.0/).

d https://doi.org/10.22108/jssr.2026.148857.1330


https://doi.org/10.22108/jssr.2026.148857.1330
https://portal.issn.org/resource/ISSN/2423-8007
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.22108/jssr.2026.148857.1330
https://jssr.ui.ac.ir/?lang=en
https://portal.issn.org/resource/ISSN/2423-8007
https://orcid.org/0000-0001-7068-4215

26

Journal of Stratigraphy and Sedimentology Researches, Vol. 43, Issue 1, No. 106, 2027

period, more than 45 field investigations were conducted. All
observed sedimentary structures, fossils, ichnofossils, and
tectonic features were systematically identified and
documented.

Numerous scientific sources were reviewed in the course
of this research. Among the most significant are the studies of
Ghavidel-Syooki  (2006) on palynostratigraphy and
paleogeography; investigations of brachiopod paleontology
and the Ordovician stratigraphy in the Eastern Alborz by
Ghobadipour et al. (20114, b); the work of Bayet-Goll et al.
(2018) on the Ordovician sequence stratigraphy and
ichnology in the Alborz region; Hosseini (1997) on the
palynostratigraphy and paleobiogeography of the Ordovician
deposits southwest of Shahroud; Vaziri-Moghaddam and
Taheri (2000) on ichnofossils from Dehmolla; and Geyer
(2014) on the revision of the Middle and Upper Cambrian
(Furongian) lithostratigraphy in northern and central Iran.
These studies were emphasized because of their direct
relevance to the Dehmolla area and their provision of reliable
qualitative and quantitative data.

The geotourism potential of the Dehmolla geosite was
evaluated using the Kubalikova assessment method. This
method emphasizes scientific and intrinsic  values,
educational value, economic value, conservation value, and
additional cultural and aesthetic values.

Discussion of Results & Conclusions

The evaluation of the Dehmolla geosite using the Kubalikova
method indicates considerable geotourism potential. In this
method, the maximum possible score for scientific and
intrinsic values, conservation value, and additional values is 3
points each, whereas educational and economic values are
assigned a maximum of 2 points each.

Considering the abundance of ichnofossils and index
fossils, the diversity of sedimentary structures, evidence of
the complete Paleotethys tectonic cycle, the presence of a
complete stratigraphic succession, visible fault systems, and
the rarity of the simultaneous occurrence of these features
within the Eastern Alborz, the Dehmolla region received a
scientific and intrinsic value score of 2.75.

The ability to simultaneously teach four major geological
disciplines—stratigraphy, paleontology, sedimentology, and
tectonics—during a single field excursion, combined with the
presence of high-quality educational outcrops and the
feasibility of nationwide student fieldwork programs, resulted
in an educational value score of 2.

Excellent accessibility through asphalt roads, proximity
to the main Tehran—Shahroud transportation route, and strong
potential for attracting domestic and international scientific
tourists contributed to an economic value score of 1.5,
although tourism infrastructure within the site itself remains
limited.

The absence of official registration as a national natural
monument, ongoing natural and anthropogenic erosion
affecting fossiliferous outcrops, the risk of unauthorized
sampling, and the urgent need for conservation planning
resulted in a conservation value score of 0.75.

Furthermore, the presence of colorful stratigraphic
outcrops, visually prominent folds, and the nearby historical
Dehmolla caravanserai—which establishes a connection
between geology and cultural history—provided an
additional value score of 2 for aesthetic and cultural
significance.

Overall, the Dehmolla region achieved a total score of
8.75 out of 13 (67.3%) in the Kubalikova model, placing it
within the good-to-high potential category for geotourism
development.

The Dehmolla region, located west of Shahroud,
represents one of the most valuable geosites in Iran for the
development of scientific and educational geotourism due to
its exceptional combination of geological phenomena. The
remarkable geodiversity of the area—including the
coexistence of deep- and shallow-marine ichnofossils,
tempestite deposits, diverse sedimentary structures, syneresis
cracks, salt casts, stromatolites, trilobite, brachiopod, and
ammonite fossils, together with comprehensive evidence of
the Paleotethys tectonic cycle (Ordovician rifting, Devonian
maximum expansion, and Late Triassic—Early Jurassic
closure) within a relatively limited geographic area—makes
this geosite a unique natural laboratory for geological
research.

In addition, the region possesses substantial educational
value for conducting field-based geology courses at various
academic levels. The possibility of simultaneously teaching
stratigraphy, sedimentology, paleontology, and tectonics has
made Dehmolla an ideal destination for scientific geotourism.
These advantages are further enhanced by suitable
accessibility and support infrastructure, including asphalt
roads, proximity to the main Tehran—Mashhad highway, and
the availability of scientific accommodation at the Dehmolla
mining and educational complex, all of which provide a
strong foundation for the sustainable and targeted utilization
of this geological heritage.
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Fig 4 - Types of sedimentary structures in the Dehmolla area: a) Mud cracks in the Lalun and Zagun
formations; b) Pseudomorph of salt crystal in Member 2 of Mila; ¢) Herringbone cross-bedding in Member
4 of Mila; d) Symmetrical ripple marks in Member 4 of Mila.
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Fig 6 — Formation of Rusophycus in the Upper Camberian rocks of Dehmolla
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Fig 7 — Formation of Cruzianain the Upper Camberian of Dehmolla.
Endopodite — EN, Pleura — PL, Exopodite — EX, Coxa — CO, EN did most of
the digging, but (PL), (EX), and coxae (CO) may have assisted in many cases.
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Fig 8 - Types of ichnofossils in the Dehmolla area: a) Cruziana in Member 4 of Mila; b) Rusophycus in
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Fig 9 - Sedimentary environment of the Ordovician sequence in the Dehmolla area
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Fig 10 - a: Storm facies of the distal continental shelf with packstone layers between flat mudstone
laminae. b: Erosional surface between storm layers of the distal continental shelf and mudstone
layers. c: Intraformational conglomerate with large intraclast fragments. The absence of evidence of
plastic deformation in the intraclasts indicates their cementation prior to physical transport. d:

Intraformational conglomerate with graded bedding.
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Fig 11 - Stromatolite in Member 1 of Mila and peritidal cycles in Member 2 of Mila
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Fig 12 - Types of fossils in the Dehmolla area: a) Trilobite in Member 4 of Mila; b) Coral fossil in the Jirud
Formation; ¢) Brachiopod fossil in the Jirud Formation; d) Trilobite fossil in the Jirud Formation; e)

Ammonite fossil in the Dalichai Formation.
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Fig 13— Fault contact between different rock units: a) Fault between the Jiroud Formation and the
Shemshak Formation; b) Fault between Member 3 and Member 4 of the Mila Formation; d) Fault

between the Jiroud Formation and the Shemshak Formation; e¢) Contact between the Mila members
above and the Shemshak Formation below; f) Contact between the Jiroud Formation above and the

Shemshak Formation below.
d https://doi.org/10.22108/jssr.2026.148857.1330


https://doi.org/10.22108/jssr.2026.148857.1330

i0 sab dls e

S5 5 ol gy Sl ol b ST L (55,808) Slens &b s 5555

Slasgome 035005 Ly syl Oy 5o Sheas LU
Ottt 30l 5L Sy e lae iy Sl s ey e
STV IP RN P 3 SOP R P A BTG B
S il ol gl ul ol S ¢ By, Jled
GospS 5 oslest 58,5 Gl Jd 5SSl Ol s Juls
B 5 el sy sl JBb (lae L
3038wk 5l ok s sl 1l (S
J=1) sl Sl S Aalsd imes 5 el
Ot 5 35 53 oS ol sn ) 53 (St
3pdows dilaie SO )3 (L Sulyi- oYL WL 5 s
Sl ieS b SBlesl G w1 a5 cpl o
ol Osl il os S b el e sla s
Slaoss3 IS 5 sl adlve (VU el Joilsy
Siisel e ablie ;3 ulidiopns 0L getils ol s
SR 5 b Jomd (bbbt Olejpn
03,8 iy ke o555 1 ol Az 4 1) Shans
Sl 3 g cmlie pw it iy 5ol 8US o ST Ll
ol ool w0 sl Bl 5y bl Oluidy
Odae &2 same )3 pele OISl OBl o5 540 5 el
50IY ol e Sl 1 e oS Cdlans 20l —

353l e alp ol e Sl el 1 Aadila

References

Aghanabati A. 2004. Geology of Iran. Geological
Survey of Iran, 586 p. [In Persian]

Altermann W. 2007. The early Earth’s record of
enigmatic cyanobacteria and supposed
extremophilic bacteria at 3.8 to 2.5 Ga. In: Seckbach
J. (Ed.), Algae and Cyanobacteria in Extreme
Environments (Cellular Origin, Life in Extreme
Habitats and Astrobiology, Vol. 11, Chap. 8).
Springer.

Amore A. Falk M. and Adie B. A. 2020. One visitor too
many: Assessing the degree of overtourism in
established European  urban  destinations.
International Journal of Tourism Cities, 6(1): 117—
137.10.1108/1JTC-09-2019-0152

Amri Kazemi A. 2016. Evaluating the potential of
Kashan and Maranjab regions for creating a national
geopark and developing geotourism. Master’s thesis,
University of Tehran, Faculty of Geography. [In
Persian]

Amri Kazemi A. 2012. Atlas of Geological Heritage of
Iran. Geological Survey of Iran, p. 492. [In Persian]

Bayet-Goll A. Geyer G. and Daraei M. 2018. Sequence
stratigraphy and ichnology of the Ordovician

G eeldisey Slow e Bl e o
Jre plredsds .l o3l I e 53 5 LIl 03 5uee
33 s oo (0Ll glaauals dat g« abisl il
S o e g odalie aiae ol
SIS s 5l eali ol b Sess ol w55 L5
2 SILS gy ol sl fL?u.‘ (Kubalikova 2013)
s s gblis (galaml ( 5sel (15 5 ede gla i)l
(S 5 e sl sl g gema s Al La il
el g gazme paman 5 3Ll Vo gla 5 s 5 sblis
g bl el Vo slal 5 a5 sel sla 5
slalsla g3 pamls Y] W SPR TN WU PR PPy
bt J5 o Al ol A o el b oy
Oleso S 55 0352550 5 ailaie 55 552 50 (gla JuS ( JulS
dabie J15 5 ede 55l slael (B a5 00 s laeas s ol
il bl sl 55l slasl .ol YVO Sleas
(i) (lidipe) (a3 £ Ol
L35k S8 (SO0 bbb fd
Ol 5 o kS b 55500 Gladseist s 3925 2l e
3V 5558 el Ol eils sl ol e Sldes 1S
sl (il 83l) Jlo o s (g3lal 5500 sl
S S e GV Jeily (o 8l =01 ol Bl
Sl 5 3508 5 Ol Ol (st 5 s ols
O30 Shtel e Sl 1.0 ailats s 3 (o S5 S
Ol b e b S Olpea e ralie S Bl
S el et Sl it Sl 5
el VO T (g blis iy dp e 5L s Laaigel
Sl (Kb 5 o lis oles) sl Sos sl
sldedalin 5 olie gla Sa, 5 o Yol L (S,
Ckld) Coslame oo Yens (ol Gl i8S s
S L Mens Al el YO (sl s omiliien L5y
53 SIL S Jae o (Ao, WY Uslea) VY 5IAVO Ll
P 050 Jail Sl s 0,8 e S ENL s,

Ll 12555 e 5535 A B

d https://doi.org/10.22108/jssr.2026.148857.1330


https://doi.org/10.22108/jssr.2026.148857.1330
https://doi.org/10.1108/IJTC-09-2019-0152

VE P Jslosled VP gl osle o 5 Jer Lo PR - NP P I I PO £

Science, Department of Geology, 153pp. [In
Persian]

Kubalikova L. 2013. Geomorphosite assessment for
geotourism purposes. Czech Journal of Tourism,
2(2): 80-104.

Kubalikova L. and Kirchner K. 2016. Geosite and
geomorphosite assessment as a tool for
geoconservation and geotourism purposes: A case
study from Vizovicka vrchovina Highland (Eastern
Part of the Czech Republic). Geoheritage, 8: 5-14.
https://doi.org/10.1007/s12371-015-0143-2

Lasemi Y. 2000. Facies, sedimentary environments and
stratigraphy of the Upper Precambrian and Paleozoic
of Iran. Geological Survey of Iran, Report No. 78:
180 p. [In Persian]

Logan B. W. Rezak R. and Ginsburg R. N. 1964.
Classification and environmental significance of
algal stromatolites. The Journal of Geology, 72: 68—
83.

Maghsoudi M. Ganjaeian H. Safdari E. and
Abdolmaleki M. 2019. Identification and evaluation
of pre-geosites of Zanjan province and assessment of

its impact on sustainable tourism
development. Tourism Management  Studies,
14(48): 149-178. [In Persian]

https://doi.org/10.22054/tms.2020.28234.1804
Radfar A. and Rahimi A. 2019. Evidence for
development of transpressional duplex in the west of
Shahroud, eastern Alborz. Iranian Journal of
Geology (Quarterly), 13(52): 49-62. [In Persian]
Rajabi M. Rahnemoon H. and Abazar K. 2017.
Determining strategies and policies for the
development of geotourism in Meshkinshahr
County. Tourism Space, 6(23): 1-16. [In Persian]
Scammacca O. Betard F. Montagne D. and Rivéra L.
2024. From Geodiversity to Geofunctionality:
Quantifying Geodiversity-Based Ecosystem
Services for Landscape Planning in French Guiana.
Geoheritage, 16 (1): 1-24.
https://doi.org/10.1007/s12371-023-00910-0
Seilacher A. 1962. Paleontological studies on turbidite
sedimentation and erosion. The Journal of Geology,
70: 227-234. https://doi.org/10.1086/626811
Seilacher A. 1964. Biogenic sedimentary structures. In:
Imbrie J. and Newell N. D. (Eds.), Approaches to
Paleoecology (pp. 296-316). John Wiley & Sons.
Suzuki D.A. and Takagi H. (2018). Evaluation of
Geosite for Sustainable Planning and Management
in  Geotourism. Geoheritage, 10: 123-135.
https://doi.org/10.1007/s12371-017-0225-4
Vaziri-Moghaddam H. and Taheri A. 2000. Study of
ichnofossils and ichnofacies of the Upper
Ordovician in west of Shahrud (Dehmolla). Sciences
of Earth Journal. 11(49-50): 40-51. [In Persian]
Zanganeh Tabar Z. Rajabi M. and Roustaei Sh. 2026.
Evaluating the role of geodiversity potential in the
development of geotourism in regions (Case study:
Kermanshah Province). Geography and Planning,
94:171-186. 10.22034/GP.2025.64168.3316

successions in the Alborz Mountains, northern
Iran. Marine and Petroleum Geology, 98: 734-755.
Bernini C. Cerqua A. and Pellegrini G. 2020.
Endogenous amenities. Tourists’ happiness and
competitiveness. Regional Studies, 54(9): 1214-
1225. https://doi.org/10.1080/00343404.2020.1712350
Comanescu L. Nedelea A. and Dobre R. 2011.
Evaluation of geomorphosites in Vistea Valley

(Fagaras Mountains-Carpathians,
Romania). International Journal of the Physical
Sciences, 6(5): 1161-1168.

https://doi.org/10.5897/1JPS10.384

Comanescu L. Nedelea A. and Dobre R. 2012. The
evaluation of geomorphosites from the Ponoare
protected area. Journal of Geography, 11(1): 54-61.
10.5775/fg.2067-4635.2012.037.i

Frey R. W. and Seilacher A. 1980. Uniformity in marine
invertebrate ichnology. Lethaia, 13: 183-207.

Geyer G. Bayet-Goll A. Wilmsen M. Mahboubi A. and
Moussavi-Harami  R. 2014. Lithostratigraphic
revision of the Middle and Upper Cambrian
(Furongian) in northern and central Iran. Newsletters
on Stratigraphy, 47: 21-59. DOI: 10.1127/0078-
0421/2014/0039

Ghavidel-Syooki M. 2006. Palynostratigraphy and
palaeogeography of the Cambro-Ordovician strata in
southwest of Shahrud City (Kuh-e-Kharbash, near
Deh-Molla), Central Alborz Range, northern
Iran. Review of Palaeobotany and Palynology,
139(1-4): 81-95. 10.1016/j.revpalbo.2005.07.006

Ghobadi Pour M. Kebriaee-Zadeh M. R. and Popov L.
E. 201la. Early Ordovician (Tremadocian)
brachiopods from the Eastern Alborz Mountains,
Iran. Estonian Journal of Earth Sciences, 60: 65-83.

Ghobadi Pour M. Popov L. E. Kebria-ee Zadeh M. R.
and Baars, C. 2011b. Middle Ordovician
(Darriwilian) brachiopods associated with the
Neseuretus biofacies, eastern Alborz Mountains,
Iran. Memoirs of the Association of Australasian
Palaeontologists, 42: 263-283.

Giovagnoli M. C. 2023. The Italian Geosite Inventory:
Past, present, and future. Geoheritage, 15(69), 1-16.
https://doi.org/10.1007/s12371-023-00843-8

Harwood C. L. and Sumner D. Y. 2011. Microbialites of
the Neoproterozoic Beck Spring Dolomite, Southern
California. Sedimentology, 58: 1648-1673.
doi/abs/10.1111/j.1365-3091.2011.01228.x

Heydari E. Hassanzadeh J. Wade W. J. and Ghazi A. M.
2003. Permian-Triassic boundary interval in the
Abadeh section of Iran with implications for mass
extinction. Palaeogeography,  Palaeoclimatology,
Palaecoecology, 193: 405-423. 10.1016/S0031-
0182(03)00258-X

Hofmann H. J. 2000. Archean stromatolites as microbial
archives. In: Riding R. E. and Awramik S. M.
(Eds.), Microbial Sediments (pp. 315-327).
Springer. https:/doi.org/10.1007/978-3-662-04036-2_34

Hosseini A, 1997.  Palynostratigraphy  and
paleobiogeography of Ordovician sediments in
southwest Shahroud (north of Dehmolla Village).
M.Sc. Thesis, University of Tehran, Faculty of

d https://doi.org/10.22108/jssr.2026.148857.1330


https://doi.org/10.22108/jssr.2026.148857.1330
https://doi.org/10.1080/00343404.2020.1712350
https://doi.org/10.5897/IJPS10.384
http://doi.org/10.5775/fg.2067-4635.2012.037.i
https://doi.org/10.1127/0078-0421/2014/0039
https://doi.org/10.1127/0078-0421/2014/0039
https://doi.org/10.1016/j.revpalbo.2005.07.006
https://doi.org/10.1007/s12371-023-00843-8
doi/abs/10.1111/j.1365-3091.2011.01228.x
https://doi.org/10.1016/S0031-0182(03)00258-X
https://doi.org/10.1016/S0031-0182(03)00258-X
https://doi.org/10.1007/978-3-662-04036-2_34
https://doi.org/10.1007/s12371-015-0143-2
https://doi.org/10.22054/tms.2020.28234.1804
https://doi.org/10.1007/s12371-023-00910-0
https://doi.org/10.1086/626811
https://doi.org/10.1007/s12371-017-0225-4
10.22034/gp.2025.64168.3316



