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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 site. Mount Tarifeh. the city
of Takht-e Soleyman. and Zendan-e Soleyman on an aerial
photograph (Source: National Cartographic Center. N.C.C.
13406).
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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).
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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 6. Diagram of the average. minimum. and maximum
monthly temperature fluctuations for the 33-year statistical
period from 1990 to 2023 (in degrees Celsius).
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dbgomo o 55 5 (5580 ¢ SIS 2 ol 5 g a1 Y
Olosbwisd

dpdie cyys ailale S ggr llpd Ceatdy g8l lyiedy o8]
ol Jolgs 5 (glassazme )b 5l 5 (IPCC, 2021; WMO, 2017)
5 Jolss 35 9 sor OV 95 50k by dad b B el
O (Bl g b Shy 5 bl (oye )y e I elis)] il
by g LolKBgSus <0 )55 g plgd 63 KB 53 (sloaiiS (s
A8 o Wl Sl

adlaio )3 (5o VO (o) glB)) )3 &Bly ok s (Sl acgocne
920 Yok lagline; s cplpl @ Jlad jpdp g (SliansS
(ol Sl Sy nl el Juine g 0lsS Sl linnli 9 B 5l osnisy
Ll 5 ol o gl (29l 008 b gusy (o) Jlgol Jsbo 5
e ol QL el orlie a5 Jguab )3 S e 5l
sl 03)9] 9218 pliw pde (srasgecms Sl oyl ] Caa
Ao VY ol 1ke glrodly oo nlaiud OISl g b
4 (oloed) waily 1 lod (glod dieS a5 amd o ol (VAR-=Y YY)
YAVA @ (oloys) (s¥ o 5o Lod diuiuy g 315 il dxyd =AY g0
o3y ) adlate o gyl ylag03 5 JSD) o) 00 21,5 o e
oo ol Sloj ol )3 &8l o] Sy (V JSS 3)k 5 Lo el
099 ol 45 )b e (Sl liee 2 Lo (L) el b (g
Oliwaj 25 glopw (3 Hlai )3 adate JLucSuid 093 (lgie )
5 Sel GlaSis <9y ohgh wogd § (S25E wolie sk
5 Mbdiwg ((53)5S 5 dbrl cage (ol 0yp0 (25 b
Sliwaj glopw (Jb onl b 9o ojlu Sl (ol Gise (i) Wl
S sl (Sl 5 05 ilo) oy (Sufelon Jalge A3 I Ll e
G ol pogde S SeS dbge (o alls Laos &) a3 5 00,5
Sl bl cage (el U (o) St (slaole )5 adygd il
29704 &S 9 o0 (Siw glan )3 i Job > (L g jgy Jsbo 5
5 Sl ol Wld w5 5y S H DS 4 e o
ol 35 090 ol ) (sl Cashy (lalS 205 oo In S (S0
S oo a5 1y by b

lol gt oy Cgd ol penty w¥ls o )l Cugby 9 (0,
28 ol ldlwess Syp deis g dihie sbdois I el
O SN 0aSUT oS00y casgazee Sl plis g (S S
5 i 4 Gy od g bl o b Jlo ol b slanil gy
Jole e il g bolyen oS (lailpd 5 daojls slacilsis
Dgdien g Blly (20,05 0055 5 (So5d (Sdjlm

aae 55 3 ol 6 530

bojle 5yl g auldl 5 229 B b lulvcss ddaine , bl
23,5 i ol 4t 93 4y |y b )] g3 e g 551

Ol sS 9 Cubd o (2l 3 45 So 8wl b (e sladly (]
S o e o ol S oy sk 53 5 25,5 o SIS a5 00 L
:)‘\ .\31:;))[,.5. oL L}.’.I Ry ke

ploi 55 ladl oyl (4o 3L b Shamal Jbad) gea sl
B i (4 g S Cu) bz g gt o Sl b Jguad
2 b pl by 5 3 canle Lamd o ) LS Cou 1) ddlate
Fagdin lon cugly GIBIL Ll g By )k g il Joumb
o (S35 53 i dlali LSS bl Juad 530k el e 51
ok O 005 SUES (555l Y guase (S pglaen )3 & Cul (0
Do oo anlid (Shai) “ " pU & ddlate )3 oasy cpl g 31>



OF | ren) G aeblb by S oy cstdlllel dpen | losboocss (6390 anlllas : Sl slaabgma ) cblis 5 o (i g oo cldlas

90.00
80.00
70.00
60.00
50.00
40.00

30.00

AV X2l 0t WW 00 WV AW o,

b e
o) Bl

gl lasgs

20.00

10.00

0y90 AVl s Cugby lawgie o JBlas iSls . Ske Hloges .
2oy coms p (VYYYA24) (o )lal
Fig 10. Diagram of the average maximum. minimum. and

Ve S

annual relative humidity for the 33-year statistical period of
1990-2023 (in percentage).
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Fig 11. The ambrothermic climate diagram of the Takab
meteorological station (Ghadri, 2009: 62)

ool godId (g kol Juli A

Oy &S A o i OSS oK) )b Al Y slaedly aw)
Ol 025 05 5 sioides OFIVO b a4y bgypo silale ) (Sikie
Ol (oo sl yio o VAV 9 VIV L y0 5008 9303 y0 40 Loga o
> ol ooy S g yecdue OYV/OYLNAAY Jlo j3 a5Vl (5L (uSke
(A JS5) conlodds 4o )35 yie duo VYE/VO LYAAA Lo

b 5Kt s g Job e icllen, e b iy 5
A3y ey 53 9 039 yider Culeendyl 9 (23598 Glayl Cal dilaie
Susl 38 le) g snlb Jpad oo Pl @ Hmed
ol @l g canl wlelas)l j3 By &jgody Baes a5 Wyly a5 L
Lgy o jlosi dy dilaie ol slrdauin g ailidgy ayiss

M P R Do e

BO0L00
S00.00

Rl

0000
SO0,
. | 1]
oo

P o - e

2

E

mmmmm

e ﬁn.«u.«-—u-».nnwmn-unm-unmmwnmnnnnnnmu

(ncsbe) oyt TVY B8R YL ) (50 g0 A S5
Fig 8. Diagram of the average annual precipitation from 1990

to 2023 (in millimeters)
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Fig 9. Diagram of the average maximum. minimum.and relative

humidity for the monthly period of 2023-1990 (in percentage).
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Fig 12. Images of the region during the winter season
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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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Fig 13. Images of frost and weathering of rocks caused

by precipitation on the walls (the effects of these issues
include swelling and flaking of the rocks).
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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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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
environment can improve preservation planning and serve
as a model for other archacological sites in Iran.

climate and

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 atan 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 also contribute to material
deterioration. The significant deterioration of architectural
remains is primatily 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 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.

chemical reactions

obstacles

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 temperatures (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 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

sustainable
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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 envitonmental conditions
on the preservation of historical
monuments. 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
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 environmental
potentials that conttributed
to settlement 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 descriptive-analytical,
combining library studies with
field observations. Comparative
analysis of climatic parameters
such as temperature, humidity,
precipitation, and solar radiation
against international standards
revealed that, if properly managed,
certain climatic indices can help
mitigate  physical  deterioration
of the monuments. Accordingly,
practical ~ strategies based on
quantitative and qualitative
indicators have been proposed
to reduce adverse environmental
impacts. By integrating historical,
architectural, and environmental
data, this study highlights the critical
role of environmental studies in
safeguarding archaeological sites
particularly ~ Takht-e ~ Soleyman
and offers scientific and practical
solutions to ensute the sustainable
preservation of this valuable
heritage.

Keywords: Takht-e Soleyman,
Interdisciplinary Sciences, Physical
Geography,
Archaeology, Conservation and
Restoration.

Environmental

Introduction & Method

Environmental studies, as an
interdisciplinary field, focus on the
interactions between humans and
the natural environment, playing



