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Abstract

This research aims to conduct laboratory studies on the structural and pathological analysis
of the Urartian cuneiform stone inscription in Saqindel, located in central Varzeghan city, East
Azarbaijan Province. Engraved on a stone slab, the existing inscription dates back to approxi-
mately 733-750 BC but has been damaged due to various factors. The main research questions
are: What are the archaeological and geological characteristics of the Urartian stone inscrip-
tion in Saqindel? What are the physical, chemical, and structural properties of the inscription?
To answer these questions, in addition to historical and archaeological studies, field investiga-
tions and laboratory analyses—including thin section and petrographic analysis, X-ray pow-
der diffraction (XRD), and X-ray fluorescence (XRF)—have been conducted. In this regard,
tests such as density, porosity, absorption rate, drainage, and water content were carried out
to assess the physical properties and resistance of the stone to various factors. The structural
analysis results indicate that the bedrock is composed of Trachy-andesite, which is confirmed
by geological reports of Trachy-andesite masses in the Zagh mountain range. Furthermore, the
results of the physical and chemical tests show that the stones used in the inscription have rel-
atively good resistance. However, due to their exposure to cold, mountainous conditions and
environmental factors like persistent winds and a harsh climate and biological deterioration,
the stones have undergone weathering and sustained various damages, primarily caused by
physical and chemical weathering.
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Introduction

Stone heritage, particularly rock inscrip-
tions, represents one of the most signif-
icant forms of cultural heritage. They
serve as a critical medium for transmit-
ting historical, political, and religious
narratives (Price & Doehne, 2011; Bah-
raman, 2007: 113). During their brief
three-century rule, the Urartians pro-
duced hundreds of rock-carved inscrip-
tions, wall engravings, and ceramic texts
across the Caucasus, eastern Anatolia,
and northwestern Iran (Karimikiya et
al., 2022; Salvini, 2021). Among these, 27
documented specimens in Iran (Dara,
2022a) provide invaluable insights into
the Urartians’ military campaigns and
political strategies (Kroll, 2020). Howev-
er, many of these inscriptions, including
the Urartian rock inscription at Saqindel
in Varzeqan, now face significant preser-
vation challenges due to environmental
and structural degradation.

This study employs an experimen-
tal-analytical approach to examine the
Sagindel inscription, which currently
shows signs of structural instability. The
research aims to:

- Conduct archaeological and geolog-

ical assessments of the inscription,

and

- Characterize its physicochemical

and structural properties using ad-

vanced laboratory techniques.

Our fieldwork encompassed comprehen-
sive documentation, including detailed
descriptions, photogrammetry, dimen-
sional analysis, and carefully controlled
sampling. Subsequent laboratory analy-
ses were then undertaken to determine

the mineralogical composition, identify
existing weathering patterns, and assess
the structural integrity of the stone. By
integrating both archaeological and ar-
chaeometry data, this study not only
advances our understanding of Urartian
epigraphic practices but also establish-
es a crucial foundation for developing
targeted conservation strategies. The
anticipated findings are poised to en-
rich broader discussions on preserving
vulnerable stone heritage, particularly in
similar climatic and geological contexts.
The Urartian rock inscription at Saqindel
is carved onto a monolithic boulder, stra-
tegically positioned within a command-
ing mountainous landscape (Fig. 1). This
inscription is situated amidst a multi-pe-
riod archaeological complex, revealing
evidence of Pre-Urartian (Bronze/Iron
Age) fortresses, subsequent Urartian
structures, and later Islamic-era settle-
ments (Naseri Soomeh, 2019: 310-311).
Discovered in 1951 by Mashkur (1953)
and subsequently registered as National
Heritage No. 795 in 1968, the inscription’s
cuneiform text attributes the site to Sar-
duri II (r. 755-735 BCE) (Kleiss, 1969: 82;
Dara, 2017). Further investigation reveals
the site’s rich historical layering. The
pre-Urartian fortress (245 x 140 m) on
Zaghi Daghi peak exhibits robust stone-
walled enclosures and quadrangular
rooms, flanked by two associated ceme-
teries. Subsequently, the Urartians estab-
lished a new citadel (225 x 110 m) at Miz
Qayah, a development evidenced by di-
agnostic red-polished pottery wares (Fig.
2). German surveys conducted by Kleiss
and Kroll (1980) also identified sophisti-
cated hydraulic systems and tunnels at
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the site. These collective features strong-
ly suggest the site’s historical identity as
the Urartian city of “Libliuni”. Following
the Urartian period, evidence of occupa-
tion remains sparse until the Islamic era.
During this time, sgraffito-glazed wares
(9th—12th c. CE) found at the site reflect
the existence of regional craft networks
(Fig. 6-8; cf. Razani et al., 2012). The in-
scription itself, measuring 16 x 55 cm
and comprising 10 lines of text, primarily
records Sarduri II's conquest of Libliuni
(Salvini & Dara, 2019). Unfortunately,
recent damage stemming from illicit ex-
cavations and natural weathering pro-
cesses (Fig. 11) critically underscores the
urgent need for its conservation. Despite
some partial illegibility, the inscription’s
text remains a vital military record (Dara,
2017), while the distribution of ceramic
evidence concurrently suggests a shift in
regional political centers following the
collapse of the Urartian kingdom.

Materials and Methods
Laboratory analyses employed physical,
chemical, and structural techniques to
characterize the Urartian inscription’s
stone substrate. Due to sampling re-
strictions, two stone fragments from the
inscription’s recently vandalized base
(confirmed via visual and archaeological
analysis as compositionally analogous)
were analyzed under official permits.
Samples were cut into cubic specimens
(5x7x7 cm) for standardized testing.

Eight experiments were conducted:

1. Physical tests: Density, porosity, and

water absorption.

2. Structural/chemical analyses:

- XRD (PHILIPS PW1800, A=1.54056 A,

40 kV) identified mineral phases.

- XRF (PHILIPS PWig10) quantified
elemental composition.

- Thin-section microscopy (Olympus
BX51, polarized/natural light) as-
sessed petrographic features.

Results revealed the stone’s lithology,
weathering patterns, and conservation
needs, providing a baseline for preserva-
tion strategies.

Research Findings

This study investigated the physical and
structural properties of the bedrock sup-
porting the Urartian rock inscription at
Sagindel. Key measurements revealed
the stone’s total surface area to be 21.93
m? with an approximate volume of 8 m3.
Using an average sample density of 2.26
g/cm?, the total weight was estimated at
approximately 18.1 metric tons. Physical
testing yielded the following properties:
total porosity (13.3%), natural water con-
tent (1.54%), water absorption (4.68%),
and void index (6.01%).

Petrographic analysis combined with
XRD and XRF techniques identified the
stone as andesite to trachyandesite. The
rock exhibits a porphyritic texture with
a microlitic to glassy matrix, containing
plagioclase minerals (albite, oligoclase)
and hematite derived from magnetite
alteration. The presence of limonite and
goethite further indicates oxidation and
alteration processes within the stone’s
structure.

The observed deterioration patterns
result from multiple interacting factors:

1) Chemical alteration processes, in-

cluding iron dissolution
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2) Water infiltration and freeze-thaw
cycles

3) Regional climatic conditions (pre-
cipitation, temperature fluctuations,
wind, and hail)

4) Biological activity (lichens exhib-
iting both protective and destructive
roles)

These lichen colonies demonstrate a
dual effect - while contributing to sur-
face degradation through biochem-
ical processes, they simultaneously
form a protective biofilm against
some weathering mechanisms. The
comprehensive understanding of
these deterioration mechanisms pro-
vides critical data for developing tar-
geted conservation strategies for this
significant historical monument.

The mineralogical composition, partic-
ularly the high porosity and presence of
alteration products, explains the stone’s
vulnerability to environmental stressors.
These findings establish a scientific basis
for:

- Predicting long-term degradation

patterns

- Selecting compatible conservation

materials

- Developing preventive maintenance

protocols

- Prioritizing intervention measures

Future conservation efforts should

particularly address the cyclical wet-

dry and freeze-thaw processes that

accelerate the stone’s deterioration in

this mountainous environment.

Conclusion
Archaeological studies conducted in the

Saqindel area have revealed substantial
evidence of human settlement spanning
the pre-Urartian period, the Urartian
era, and the Islamic Middle Ages. Sur-
face findings from each of these periods,
including architectural remains and his-
torical graves, underscore the region’s
long-standing significance from the first
millennium BCE through the Islamic
era. Scientific archaeological excavations
hold the potential to yield valuable in-
sights into the historical, cultural, and
archaeological developments of this
area, especially concerning the Urartian
period. To achieve the objectives of this
research, petrographic and structural
analyses were conducted on samples
taken from the Sagindel Urartian rock
inscription. These investigations com-
prised both field observations and labo-
ratory tests. The physical and chemical
analyses revealed that the rock substrate
is an intermediate igneous type, specifi-
cally trachy-andesitic in composition. It
likely originated from regional andesitic
columns. Although geologically durable,
the rock has suffered various forms of de-
terioration after more than 2,700 years of
exposure to open environmental condi-
tions. The observed damage is primarily
attributed to the intrinsic characteristics
of the rock and the presence of minerals
susceptible to chemical weathering, such
as feldspars, micas, amphiboles, and, in
some cases, pyroxenes. These minerals
have undergone gradual degradation
through prolonged exposure to weather-
ing agents. Petrographic analysis of thin
sections, along with XRD and XRF re-
sults, confirm this conclusion. Moreover,
the region’s cold climate and the absence
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of protective shelter over the inscription
have accelerated physical weathering
processes. Additional damage caused by
unauthorized excavations further high-
lights the urgency of conservation efforts.
In light of these findings, implementing
conservation measures—including con-
solidation of the rock substrate, stabiliza-
tion of the inscription surface, and pro-
tection from further environmental and
anthropogenic damage—is essential for
preserving this significant piece of cul-
tural heritage.

Acknowledgments

The authors would like to express their
gratitude to the Cultural Heritage Orga-
nization of East Azarbaijan Province for
granting permission to study and con-
duct research on the Saqindel Urartian
rock inscription. Appreciation is also ex-
tended to the management and staff of
Sungun Varzaghan Copper Mine for their
financial support, as well as to the Faculty
of Conservation of Applied Arts at Tabriz
Islamic Art University for providing the

necessary facilities and conditions for
carrying out this research.

Authors’ Contributions

The first author was responsible for con-
ceptualization, methodology, and final
editing. The second author was in charge
of design, illustration, and data collec-
tion. The third author contributed to data
collection and text editing.

Conflict of Interest
None.

Support

Cultural Heritage Organization of East
Azarbaijan Province, Sungun Varzaghan
Copper Mine, Faculty of Conservation of
Applied Arts, Tabriz Islamic Art Univer-

sity

Data Availability

The raw data of this study are available
to the authors and can be accessed upon
request through correspondence.



e an g2 (5200 ¢ M (ol Sless ¢g4ge ¢ I3, | Razani, Mehdi; Nemani Khiyavi, Leyli; Naseri Y#




Ancient Iranian Studies ANCIENT

2025, VOL. 4, NO. 13, 31-58.G] OPEN ACCESS IRANIAN
https://doi.org/10.22034/ais.2025.501947.1139 STUDIES
goR ;j: AP

oy g 5og) (Fros abd Ko puilidiylizlu 5 ulidglinly
Ol e B0l ;31 0185 59

Tane g2 2l e D55 sloms M ' 31, s 04

4 by o St G 6y 2 (B ,50bml 3T o) (8355 e (S350 i 53 WBls i atis San
Skl 5lrs 5868 Jolge oty 50l B g 555l Frs B 4 po VITEVO L a0 cladle
Sl S ol iyl Lo (g1 AL T Ol el ot s el 3l S Sl ol
2 5l S lidipeny 5 ol oS Sl i g5 SVl o S by men 3
(i gt (sl (e i S o)l 5 (alocd (S5 ol Sl Jah
Olalas 5 s (sl e mlisiplinls 5 (e sb Sladllas osdle «Nlpur ol ey &4 ol (51
(XRF) (S5 axl uilon 5l 5 (XRD) oS0l 550 o)y S (31,55 5 5 S50 whado g 2 ¢ AT
rciliee Jalpe ol 5> S Cuoglie lis 5 (SO ol ot gl iy med 3 Sl adlip ol
Slalllas ol ol 43,8 D) pe0 500 T Gl 5 D 5 i S 5 IS slagsel]
9o 5 owlidosmny 5158 5 ed g o ST i Ol s K 45 Sl ) il i lis- Lo
Sl ol gl cosdoas (S o Al | 0T (5513 Jome (215 058 el 55 okl 15 slres
515 ity sl Gl 4t 3K Sl 55 4y S (i o8 513 00 Ol (ol 5SS
Slrs edls slasl ¢ SliasS 95w V.:.\}‘ Wile aes sladyl b Julse il 53 (6,53 Clea Lol os gy
ol pleands 5 SO 58 Saolen 3 S0 Budas 45 228 goumme sl

XRF cXRD ‘J‘ijz’:i ‘wu)bl.u cd)wiw c;;ljs)bj\ 4;3%»&“ 6»\.:]5 6\.&05‘_9

m.razani@tabriziau.ac.ir [0 .(Jyius sate ) olal 52,5 <o, oDl jn ol&ils Sl .
o) il Olgdanl s olKisls
Ol Gy oy Sl ol &l e
VECETEIY ) 5 IV YIYIYY 25 6 VE TV 1l 5 e rallis Slasede
RIS ST RS E oI 7 PSPRPLINL COMPW E5. 1 CES WP RO S IR PR | 8  RUROVOCmv SOOI U0 WYY D S P PO [ PR E-0
OA-FY OF 85l oF Jl el sl dalta g el ¢3Sl 31
https://doi.org/10.22034/ais.2025.501947.1139


https://doi.org/10.22034/ais.2025.501947.1139
https://orcid.org/0000-0003-2704-4073
https://orcid.org/0000-0002-6345-7150
https://orcid.org 0000-0003-4116-4303

e ann g2 (600 ¢ M (ol Sless ¢g4ge ¢ I3, | Razani, Mehdi; Nemani Khiyavi, Leyli; Naseri YA

ool LlazildS L s 3l 1) bt K
A5 Ko TV 5l s plowsl Sladllas ¢y 5T
(S g Ssho bl s Jels
NS b SoS glaanisKaw 5 aniibo fes
Dara, VF+) djls (0 \WAF dls) Wlesls
oy 4 dlie ol 55 .(iDara, 2022b 2022a
03 i (2 5olsl 4t S AL
At 31 (355 lamb 3T gl (18355 Ol 4
5 ool sl Sy uliiolinl Slallas
23 edlinls Oladlas osdleay o culilsyn
5B Sl St s (el L B
o ol gs ol sddans s olends
Vg f&iﬁbj S o) (algr_}\ L osyls
T2 T DAV EL NP PRV E R C T
oot (SN Gl 5 Ty Jogne
byl P S il
s @9 G Sl b3 § iz I3 el
bl s ok
5 eebd Qb adlas CGua L s
oo (o 53l i Ko Ll Jls-Lus
A O el Cany 3 psSer &S
Ml 53 Sl ol plowil 5 0 e 4 IGY
(e sla s 5 Oldllae 5l eslanad L
A (:\Jél 4:..:,,&“ Golwditows 4 Cudd
SRSl S g skt ) Gl
A ol 05 (Slacs sla paigas 5 (S 1o mSe
RCTYN 56T 5 ol slaosls caslsl s
SV @Lﬁj el 5,L 55 «Culgsys g A
il 5 aliobul sl s )
5 o B Jopie o 5bsl ks San

A (6 S e

adle
AoeE O S Ol S D
Sl S Qo3 b 5 (K3 Ll s (sl S
P65 S b sl 5 a i Jlas 5 S S
laazins Kew (Price & Doehne, 2011) Jilos 5
[ol] (b dawls g Olhies o Soge )
Ok 08B sy (Soom sbalalyy Jol-
aled ) s (S0 0255 e (ol
AU 5 (ol MBI S b ol a0
NYAF Ol L) v\};)@)l&.fum.zyg)u)r&
05 A 3 S b sl olalasy (Y
S5 S e o 3l om0 7S 3555l
Karimikiya) ol ) o ,6dled 5 o5 3las
O e 8l el ‘UJjSUT &y (et al., 2022
lpdlin @ils)les So s 4SS lads
o> oSG 5 LlalldS (sbray 595 3l 00 5
oL Sl oS o 555l s S LT 5 atn S
45 ol ilS ylpl 5wl glaliol olis
ebaigis e 5 s Jrud ol LT 3l (soltes
bl e Sledbl 0k, 5555 45 Sl
A Ol (b s g ds slenl 5 ol
CANE T () lazs 8 15 andllas 5,50 2y
\FeY

bazis Ko opl Sl (20215 Radner, 2021

Salvini, (Ghomeal NY Y
s aS Sl ol )3 Olasgdone oS 54> 5L
Sde g ool odiS i sliul (S odae
35 gl eIl 5 Lno) oo b a5l iam
Oliin s pon i 33 sallbos (slac a5 3 5
oy 4 S b lysl (Kroll, 2020) dws
SBT3 2N 55 5 M o alloly obsS
s bdliw «(Dara, 2021) Sl alas 5l Calises

CENYY Jlo b (55 DS 53 ddpdir Sy gty 428 5 Kinw Pl A LS 5y sl daes Laus i Ko S s !
(Seqindel) Js; i absms a8 50men ol a5 ST 0555 5> e 5l a4 olal mlidgliol mlie 53 (ol 0l
wrn g (5,000) Sl ol Joun b oKl xe 4 5 (S1FIMAI]D) Jikiis Sjemas (S5 05 QT@M Lals oS dsausS

el o o3l gl S e 31 mlis i b 2SS shaseey bl 53 (VWAA



Y4 Ancient Iranian Studies | 3kl o 5l 26lia s

008559 3l e ¢ B ro0lomsle 3T ol €Ol al M 55 I3 s 43 Ko gmdigo o\ g 3o

Fig. 1. Location of the Saqindel Inscription on the Iranian Plateau, East Azarbaijan Province, Varzeqan County.

Sy SFaskS Y 3 (asS Auls 3 e Slaab greens pame gt Ko pulidilinl

et 3 5 OB Ol el w31 o 5yl
Sl 0digdly QBS54 Al il blr 5 A LS Slopee (655 i i Ko



e an g2 (6200 ¢ M (ol Sless ¢4ge ¢ I3, | Razani, Mehdi; Nemani Khiyavi, Leyli; Naseri ¥ »

259y (5 S/ ol Jliw € (VL) s i 450 o 35509 b ses 51 o 53591 Gl 503 (sladliws .Y 5 50a5
AFFE VAN cane goo (6 00) () i Jlols Oy 6550
Fig. 2. Urartian red Polished Pottery from the Urartian Site of Mizqiya (top), Saqindel Pre-Urartian Black/grey
Pottery from the Northern Cemetery of Sagindel (bottom) (Naseri Some'eh 2019: 344).
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Fig. 5. View from Below of the Islamic Period Site and the Path Leading to the Urartian Saqindel Inscription.
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Fig. 6. Samples of Islamic Pottery Found at the Archaeological Site of the Urartian Saqindel Inscription.
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Fig. 7. Two halves of Ceramic Molds from the Medieval Islamic Period (Grube, 1994:176).
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Fig. 8. Molded Pottery Found from the Islamic Site of the Saqindel Inscription (Razani, 2023).
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Fig. 9. Right: Details of the Urartian cuneiform inscription of Sagindel; the first available color photographs,
dated 1978 (Kleiss, 1978a).
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Fig. 10. General View of the Urartian Saqindel Inscription and the Surrounding Area (Kleiss, 1978b).
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Fig. 11. Top: Comparison of the Excavated Section Requiring Immediate Stabilization and Backfilling (Razani,
2023). Bottom: An Older Image of the Inscription and its Lower, Consolidated parts (Kleiss 1978, Source: arachne.
dainst.org/entity/6815623).
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Fig. 12. Samples Collected in This Study.
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Table 1. Tests employed for assessing the physical properties and structural characterization of the stone.
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Table 2. Average Physical Properties of the Stone Samples from the Urartian Saqindel Inscription.
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Fig. 13. Detailed Geological map of the Varzeqan Region, with Emphasis on the Village of Saqindel, Scale
1:100,000 (Adapted from: Faridi and Haghfarshi, 2006).
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Fig. 15. Plagioclase mineral with Simple Twinning,
Showing Zoning, in PPL (Plane-polarized light) and
XPL (Cross-polarized Light).
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Fig. 14. Top: Image of the Rock and its Thin Section Sample.
Bottom: Photomicrograph of a Section from the Urartian

Sagindel Inscription under a Polarizing Microscope.
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Fig. 16. Hematite Mineral Resulting from the Alteration of Magnetite, in PPL (Plane-polarized Light) and XPL
(Cross-polarized Light).
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Fig. 17. Representation of Phases Present in the Bedrock Sample of the Urartian Sagindel Inscription, based on
the X-ray Diffraction (XRD) Spectrum.
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Table 3. Results of X-ray Diffraction (XRD) Phase Analysis of the Sagindel Inscription Samples.

Sample Compound Name Chemical Formula Ref. Code
Hematite FeZO3 96-901-4881
- Albite NaAlSiSOB 96-900-0709
Quartz Sio, 96-900-5021
Anorthite CaAl Si O, 96-900-0363
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Table 4. Major Elements and Oxides (wt%) of the Urartian Saqindel Inscription, Determined by X-ray Fluores-
cence (XRF) Chemical Analysis.

Elements %W Rare Elements Ppm
SiO, 52.098 S 166
A1203 12.932 Co 24
Fe O, 8.622 Cr 175
CaO 7.917 Cu 932
MgO 2.79 Ni 12
Na O 2.947 Sr 409
KO 1.659 \% 98
TiO, 0.541 Zn 717
MnO 0.23 Zr 64
PZO5 0.319 Ce 10
LOI 6.41 Pb 14
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Fig. 18. Diagram of Elemental Percentages (top); Trace Elements Obtained from XRF Analysis of the Urartian (bottom)
Sagindel Inscription.
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