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Fig 2. Plan of the complex along with an introduction to its

different sections (Archive of Takht-e Soleyman Research

Base)
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(Archive of Takht-e Soleyman Research Base)
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Fig 4. The Takht-e Soleyman sitec Mount Tarifeh. the city
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photograph (Source: National Cartographic Center. N.C.C.
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Fig 5. Numbers 1 to 7 indicate the locations of historical
sites within the Takht-e Soleyman boundary. and C indicates
the location of the city of Takht-e Soleyman (Nostatabad/
Tazeh Ava) on the topographic map of the region (Joint
Ground Operations Map 1:250/000 Shahin Dezh. Geographic
Organization of Armed Forces).

[

ol Jolo ddlalo ) 3290 e Jlale 5 (BLS SRl (sl ¥ S
(a5 g’y oSy ) ol cilisin Jpad 3 (552 Y35
Fig 3. Images of the vegetation and natural landscape present
in the region resulting from abundant rainfall during different

seasons (Archive of Takht-e Soleyman Research Base).
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Fig 10. Diagram of the average maximum. minimum. and

annual relative humidity for the 33-year statistical period of

1990-2023 (in percentage).
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Fig 14. Images of the upward and downward moisture
resulting from precipitation on the walls and floors of
the buildings weakens the materials and mortars. while
also creating conditions for the growth of plants and the

presence of animals.
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el g Caoxs ) )
'\"’"9“’ L L:aO] ‘jhhsl 5 Olesdwisy ddlaie L;Q.Js\ osls oY
igoj g Jole SO gi5as o olgmgl (clagSIl &S dmd o L5 Slie
Cgune Sl dbgme cnl ) o5 laanlp Lol S e &Ly
syl g (SYob laplins; b ailaio (SliwnsS 3w waldl 259 oo
ligy s> 9 (S5 laed 2 4 35l 0 oy ) Sl by (S
ALl g bl cow sl ol Wsd oo 5185 Jlgte sbrole (6l
Olej )35 L 4 298 o0 (i (oS 5 dbml i )3 5 las Jlge
ol g3 S e i |y Jldle g 005 398 o5l Jgyd sl &
@75 b 5 2l (iyly Sl wle e dlas (e

)15 6y (sl gy Gl (VL b b g Jslss s
65593 e Jole B 93 5l 26 slac ) 5 b slagi )l
ool 5 & ol 3985 g a)ld (g > Ol geod it o35
S 39108 imod )l JUid 4y ] Cannds g (mdge al b


http://dx.doi.org/‌10.66224/kcr.8.3.64
https://journal.richt.ir/kcr/article-1-397-fa.html

[ Downloaded from journal.richt.ir on 2026-07-04 ]

[ DOI: 46(E10.66224/kcr.8.3.64 |

5l qoald] y iten bt (o ISl ol cpl

b oasp Mol slabMe 1 oslial : iblis slo by, 5 plas 39z @
Cuoglio g o 39i5 (IS (sl (ol U AL) Saaghg)em Slgo
slapids clpl rzes e (Sr bz plp
slapidy b (Sww laglole a5b) )l 5 ol (Bl
ol jl 5 el clablos pslaiods (9o

U.mfub) L;LQW Ls.>|).\o :C,u.9jo) 9 u’da“’ Lghzuj Coplo @
5 Ol qe ) xSl sl lome Ll (ol diadon
Gl e Jolgd b (30T il g anits OF ! s
ol Gley diugs colun

g pae 25 glajidy Cople § Blo zalS by S @
il 38y St 6l o2l

5 Sl 5l odliul b (gilame Sl Hlon tnojl isuplSonil @
ST pln > b lipl Cosl sl SN Ul pl g singed

Sl

5l drwgd Cuo b wliods Juwj 95 )Y
dalgdy a8k (aslil ela Sis J> 4 Lhid pleslecss dibaie
L 2,84 oo alS sladiss )l Cucdl 55 353 8w gol
(GlidsS bzme b E5lo ligle 5 He 5 29l cole loap)8
gl ol Ml 5 o (5,K55,5 b sl st 5B ol
39 bl e dor | 95 ol e Cupie (Jl I b
Olbe o)l 5l S sk (sl e damacansj Sl polal (K535

el (6978 umgS| jl CBlis g Sldl slacld

1lide srabgss gl igi 56N1.)0

e sleodly plesl a8 adllas oyl j5 snidll)l Limgh (soX
Sy Bige Jo oy Wlyi e o) ST blis (ojydeliy
sk 155 b (loskuncsd e ageacns 5 ool (sl il |
Somo g (o3lo gla i)l b & cpols 2,555, (il 0,5 1,8 oolawls a0
2,8 Al Sbls S8 o o) jes ialjél g S, L]

by bl blis ladSog) & amd o0 L5 (S5 skt (Aags o]
b p b Jhre iyl b Sl 5 ole talsd 5 e
ool Cludes plp 3 (KipSelye I e jgba anlyn b ausl

lob ,Lins 5 ailig slos cliluwgs —— s

Nolss s wlad u)lh ————»

\

I-'ljli'b‘j" PI-Q-Q Ul-ll-Ar ey

i iy g wiVals slag s

winsd slhay @ cannl 358 9 55395555

__________._-—-—’
wsd s WSt slbas 2

o jlw it g risge gl 9

(oS oS wluly & oy M3 le a5 a0 S]]
2ySag) ol (V0 JS) Wsd (Alib lare (glacadly b cuslie &SL
wlio bylys Sl gladbgre abls Copie glp oo (ol
KL F B b |y M3 le (ael 5L L las Sy g 25 o bl

A o hals

S 35 i VY

sladbgone jlylak g S5e cblis 4 ans o (U3 gy p2l> g}
535 pibince losbs wlo ols palil b golie 15 059 ¢ bl
5 o Al b orlil 5 e slaodly (il lSs 5 Gres
Slopusille 5 (ouldl Ga Shy Ol Siilotiun L9y ol (e
2l Bl (oS peeal lp ) aSotius (e b o 59
2gles

ol Sllas 150 )b slaojls olibeal 15 malil gype i
ol @yl g )l slaghy, elely & pleducss adaie
Ol |y gboye Sl 5 Jiine ogboye o slaShy b sl
loojls p lsmacl glajall g B Gl (S was e
sl line; g ol,8 il da 0 =YY sudcss glod Jols Ll (o)l
— S5 b gt LSS 4 omie (e By )L L SYsk
Jole plyisas sy nl gdie 2908 Al B ol gl 51 cgd
S 550, s cpdlias J8lo 1> SlSo i3 oyl sl e 56 Lo
hos (bgp Coled 3 g (v Y (Sable uidey
Doy s 5 0gd 3l Jols Ol 3gs5 g By (59 5L 335 e Lol
St Lol dabMe iiatud 4 3 odew O glis 5 S ]
lod Glpss o A5 glaoly (puzmen 55 0 pold paloe LS MG o
S 5w )L 5 03)S wais |y (Sle 5 ()l sla i il

AR o wul)B] |) c.)?.w)é

o oy g i Sblas sla,ISal, VY

@ Gloj 3o blix (sladSug) wadplxl oo ol
leMbl lgeay & o8l glaosly oS b o BIS g20 oy
sty Ol il g (b (ol sl plgiea 4l catsojipm
g 48 Jlai >

wilail gasrLi 9 WSalSa us 0 Il sla s lge ¢ puicuelSaawl

—I-@S.UMM,:,CH.‘I

e arlgo b g JaS s o

— b oy Plas LBl paliogss g az LS G,

loskocss abge blis ol Sal, o e oo ol sls N0 S

Fig 15. Causal analysis flowchart and conservation strategies for the Takht-e Soleyman site.
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cold-region archaeological sites. Ultimately, conservation
strategies must be dynamic, evidence-based, and tailored
to the site’s specific environmental conditions to safeguard
both its material integrity and cultural value against
escalating threats.
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Environmental Studies and Their Role in the Conservation of Archaeological Sites| Hamid Amanollahi, Hassan Karimian,

a crucial role in the preservation of archaeological sites.
The Takht-e Soleyman archaeological site, situated in a
mountainous and cold region, exemplifies the challenges
faced in protecting historical artifacts from environmental
factors. Located at an altitude of 2,200 meters above sea
level on a natural terrace that rises 20 meters above the
surrounding plain, it features a constantly flowing spring
shaped by the climatic and geological conditions of the
area.

The harsh climatic conditions, including severe cold
and heavy snowfall, present significant challenges to the
preservation of Takht-e Soleyman. These conditions
necessitate a thorough examination of environmental
characteristics and their impacts on historical remains.
The primary objective of this research is to identify the
environmental capacities of the region and determine
optimal climatic conditions for protecting and restoring
historical artifacts.

Given ongoing climate change and its effects on ancient
structures, this study aims to contribute to the preservation
and maintenance of these artifacts for future generations.
The central research question is: What environmental
features have led to human habitation in this area, and
how can we protect its historical artifacts? The hypothesis
posits that water resources and suitable climatic conditions
have played a vital role in establishing and sustaining
settlements.

Additionally, secondary hypotheses include the negative
impacts of climate change on architectural remains and the
necessity of selecting appropriate materials for restoration
efforts. The importance of this research lies in its
potential to enhance preservation methods, safeguarding
both material and spiritual values of historical artifacts.
Furthermore, this information can aid in planning for
sustainable tourism development in the area.

The research methodology will be historical and
descriptive-analytical, utilizing library studies and field
visits to facilitate the identification and analysis of climatic
and environmental data. Ultimately, a comprehensive
understanding of Takht-e Soleyman's climate and
environment can improve preservation planning and serve
as a model for other archaeological sites in Iran.

Climate and Its Impact on the Formation, Longevity,
and Preservation Challenges of Takht-e Soleyman

The protection of archaeological sites is fundamentally
about preserving their cultural significance, and Takht-e
Soleyman exemplifies this challenge. Located at an elevation
of over 2,200 meters above sea level, it is recognized as one
of the coldest regions in Iran, characterized by long winters
and heavy snowfall. The recorded minimum temperature
has reached -37 degrees Celsius. From early November
to late April, the region experiences a prolonged freezing
period, during which the daily melting of snow followed by

nighttime refreezing causes serious damage to architectural
remains.

This freeze-thaw cycle leads to deterioration that penetrates
the outer surfaces of materials, ultimately harming the
underlying structures. To mitigate these effects, protective
measures such as covering surfaces with clay and gypsum
are implemented; however, these coverings only shield the
upper sections and do not fully counteract frost damage.
Therefore, understanding the necessary actions for
protecting existing artifacts at Takht-e Soleyman requires
recognizing both the cultural qualities of the site and the
factors threatening these qualities.

Damaging factors include sunlight, moisture from rain and
melting snow, frost, wind, and biological agents like wild
plants and algae. Internal factors such as microorganisms
and chemical reactions also contribute to material
deterioration. The significant deterioration of architectural
remains is primarily due to harsh climatic conditions that
allow moisture to infiltrate materials. As moisture freezes,
it causes further surface damage.

Thus, the challenging climatic conditions at Takht-e
Soleyman present major obstacles for preserving
its archaeological heritage. Consequently, effective
management of this UNESCO World Heritage site must
adopt the highest standards of protection to safeguard
these invaluable artifacts for future generations.

Conclusion

This study demonstrates that sustainable preservation of
archaeological sites particularly in climatically challenging
areas such as Takht-e Soleyman requires the integration
of environmental and climatic data into restoration and
management processes. Climatic conditions, including
extremely low temperatutes (down to —37 °C), long snowy
winters, and repeated freeze—thaw cycles, are the primary
drivers of structural deterioration. These cycles cause
mechanical stress, microcracks, surface flaking, mortar
erosion, and eventual deep structural collapse, exacerbated
by snow load, water infiltration, wind, and vegetation
growth.

Effective conservation must treat climatic data as a core
design parameter rather than background information.
Recommended measures include: hydrophobic-modified
mortars (e.g, nano-silica) to resist moisture penetration;
comprehensive protective coverings; smart surface-water
drainage and possible spring rerouting; controlled removal
of invasive plants; and structural stabilization through
scaffolding, shoring, and tie reinforcement.

Beyond preservation, the site’s rich biodiversity offers
opportunities for sustainable ecotourism, provided
that carrying capacity is managed to avoid ecosystem
degradation.

The research framework emphasizing environmental data
in preservation planning can serve as a model for similar
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Takht-e Soleyman, located in a
mountainous area of northwestern
Iran, is one of the country’s most
important historical and cultural
centers and has been studied from
various  scientific  perspectives.
This research aims to identify
the environmental characteristics
influencing human settlement and
to examine the impacts of climatic
and environmental conditions
on the preservation of historical
Findings indicate
that the large spring of Takht-e
Soleyman and several karst springs,
by providing mineral-rich water,
have played a significant role in

the formation of settlements and

monuments.

the chemical composition of the
soil, thereby affecting the region’s
biodiversity ~ and  vegetation
cover. Adequate precipitation has
further enriched the vegetation
and created favorable habitats for
various animal species. The main
objectives of this study include
identifying  the

potentials that
to settlement

environmental

contributed
formation and
proposing adaptive strategies to
local climatic conditions for the
conservation,  restoration, and
management of the complex.
Given Takht-e Soleyman’s specific
climate characterized by long
winters and heavy snowfall the key
question is how to ensure effective

preservation of its historical assets.

The research methodology is
historical and desctiptive-analytical,
combining library studies with
field observations. Comparative
analysis of climatic parameters
such as temperature, humidity,
precipitation, and solar radiation
against standards
revealed that, if properly managed,
certain climatic indices can help

international

mitigate  physical  deterioration
of the monuments. Accordingly,
practical ~ strategies
quantitative  and  qualitative
indicators have been proposed

to reduce adverse environmental

based on

impacts. By integrating historical,
architectural, and environmental
data, this study highlights the critical
role of environmental studies in
safeguarding archaeological sites
particularly  Takht-e
and offers scientific and practical

Soleyman

solutions to ensure the sustainable
preservation of this valuable

heritage.
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Restoration.

Environmental

Introduction & Method

studies, as an
interdisciplinary field, focus on the
interactions between humans and

Environmental

the natural environment, playing
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