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Abstract

The Anubanini rock relief, one of the most important and ancient rock reliefs of Iran, holds exceptional
significance for Iranian cultural heritage, archaeology, and linguistics. Carved on the limestone cliffs of Mount
Miyan Kal in Sarpol-e Zahab, Kermanshah Province, this monument depicts the Lulubi king Anubanini, the
goddess Nini, nine bound prisoners, and an Akkadian cuneiform inscription. Due to the calcitic composition
of the host rock belonging to the Asmari Formation, chemical dissolution has emerged as the primary deg-
radation process, leading to the formation of dissolution pits, grooves, and surface roughness that have al-
ready caused partial loss of motifs and inscriptions. If left unchecked, continued weathering threatens the
complete destruction of this valuable historical document. This study examines the petrographic, mineralog-
ical, and structural characteristics of the host rock along with the climatic conditions of the region. Through
microscopic thin section analysis, X-ray diffraction (XRD), X-ray fluorescence (XRF), and fracture mapping,
the research identifies the key factors influencing the weathering process. The host rock is identified as bio-
clastic packstone (equivalent to biomicrite), predominantly composed of high-purity calcite with no signifi-
cant dolomitization. The presence of near-vertical bedding, multiple joint sets, and a right-lateral fault, com-
bined with semi-arid climatic conditions characterized by approximately 422 mm annual precipitation, 43%
relative humidity, and severe temperature fluctuations, have significantly intensified chemical and biochemical
weathering. The results indicate that the dissolution process remains active, with mineral composition, rock
discontinuities, and climatic factors being the main contributors to the observed degradation. This research
emphasizes the urgent need for immediate protective and conservation measures to safeguard this irreplace-

able cultural monument.

Keywords: Anubanini rock relief, chemical weathering, limestone dissolution, petrography, mineralogy, frac-
ture mapping, Asmari Formation, cultural heritage conservation.

Introduction

The Anubanini rock relief is located in the northern outskirts of
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Sarpol-e Zahab city, Kermanshah Province, western Iran, at coot-
dinates 34° 27' 46" N and 45° 52' 9" E, at an elevation of 16 meters
above ground level. This ancient monument portrays the victory
of Anubanini, king of the Lulubi people, in the presence of the
goddess Nini, along with nine prisoners and an accompanying in-
scription in Akkadian script and language. The relief holds special

importance among Iranian rock reliefs as it is considered one of

the earliest examples that, while influenced by Mesopotamian art,
displays distinct Iranian characteristics. It is widely regarded as the
founder of the tradition of carving royal scenes and inscriptions
on natural rock surfaces in Iranian culture and has influenced later
works such as the Bisotun relief of Darius the Great. Among the
six surviving Lulubi rock reliefs, the Anubanini monument is the
oldest and most significant. Researchers generally date it to the Ur
111 period (approximately 2100-2000 BCE), meaning nearly 4200
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years have passed since its creation. The relief is carved into lime-
stone of the Asmari Formation from the Oligo-Miocene period in
the Zagros folded zone. The region experiences a semi-arid cold
temperate climate according to the Emberger classification and
semi-arid conditions according to the De Martonne system. De-
spite its outstanding historical and documentary value, prolonged
neglect in protection and restoration has exposed the monument
to severe damage, primarily through chemical dissolution of the
limestone. This study aims to analytically evaluate the damages
caused by natural processes and provide scientific data to support
effective conservation strategies. The main research questions ad-
dressed in this paper are: What are the petrographic and miner-
alogical characteristics of the host rock? What natural weathering
and degradation processes have affected the relief? And which of

these processes are currently active?

Methodology

This research employed a combination of library, field, and labor-
atory methods. The library study involved reviewing geological
maps, archaeological publications, and climatological data from
reliable sources. Field investigations included direct observation,
detailed photography, and systematic fracture mapping of the rock
mass around the relief. Because of conservation considerations
and the historical importance of the monument, direct sampling
from the carved surface was not permitted. Instead, two repre-
sentative samples were collected from the Asmari Formation ap-
proximately 20 meters away from the relief, selecting points with
minimal visible weathering to best represent the original rock
composition. These samples underwent petrographic analysis
through thin section preparation, X-ray diffraction (XRD) for
mineralogical identification, and X-ray fluorescence (XRF) for
chemical composition determination. Thin sections were studied
under polarized light microscopy at X40 magnification. XRD anal-
ysis was performed using a Seifert T2T powder diffractometer,
while XRF was conducted with an ARL 8420 spectrometer. Frac-
ture mapping was carried out using rose diagrams and contour
plots to determine the orientation and characteristics of bedding

and joint sets.

Results

Petrographic examination revealed that the host rock of the Anu-
banini relief is bioclastic packstone according to Dunham’s classi-
fication, equivalent to biomicrite in Folk’s classification. The main
components are skeletal fragments of corals, benthic foraminifera,
miliolids, algae, and echinoids, cemented by spartry calcite in mul-
tiple stages. The rock shows low intergranular porosity (3—5%)
and contains small cavities related to coral structures. Staining
tests confirmed that the limestone is predominantly calcitic and
undolomitized. XRD analysis identified calcite as the dominant
mineral phase. XRF results indicated high purity of calcium car-

bonate, with silica content around 1.8% and other elements below

1%. Fracture mapping showed that bedding has the highest fre-
quency in the northwest-southeast direction (azimuth 140-150°)
with a near-vertical dip (80-90°) toward the southwest. Three
joint sets were identified with northeast-southwest orientations
and varying dips, creating a well-developed network of disconti-

nuities in the rock mass.

Discussion

The degradation of the Anubanini rock relief results from the
complex interaction between the intrinsic properties of the host
rock and external environmental factors. The high-purity calcitic
composition of the Asmari limestone makes it highly susceptible
to chemical dissolution, particularly in the presence of carbon di-
oxide dissolved in meteoric water. Tectonic discontinuities, in-
cluding near-vertical bedding and multiple joint sets, act as prefer-
ential pathways for rainwater infiltration and circulation, promot-
ing both vertical and horizontal dissolution. The semi-arid climate
of the region, with an average annual precipitation of 422 mm and
relative humidity of 43%, provides sufficient moisture to sustain
the dissolution process. Significant temperature fluctuations and
frost days further accelerate weathering by increasing physical
stress and enhancing calcite solubility in colder water. Dissolution
pits and grooves are more pronounced in areas exposed to surface
runoff, while moisture-retaining cavities facilitate lichen growth,
which contributes to biochemical weathering through the produc-
tion of organic acids. This creates a self-reinforcing degradation
cycle. Observations on relatively recent bullet impact scars clearly
demonstrate the rapid development of dissolution features and li-
chen colonization, confirming that chemical and biological weath-

ering processes remain highly active under current conditions.

Conclusion

The Anubanini rock relief is one of the most significant historical
monuments of Iran, marking the beginning of the tradition of
rock relief carving and written documentation in Iranian culture
approximately 4200 years ago. It also holds great importance in
the history of Iranian clothing and has influenced subsequent
Achaemenid and Sasanian rock reliefs. Petrographic, mineralogi-
cal, and structural studies have shown that the host rock is high-
purity calcitic limestone characterized by systematic tectonic joints
and fractures. These features, combined with the semi-arid cli-
matic conditions of the region, have made chemical dissolution
the dominant and still-active degradation mechanism. The disso-
lution process has created numerous cavities and grooves on the
carved surface, while lichen growth has intensified biochemical
weathering. Without immediate intervention, further irreversible
damage to the motifs and inscriptions is inevitable. Therefore, reg-
ular monitoring, diversion of surface runoff away from the relief,
periodic cleaning to prevent dust accumulation and lichen growth,
and the application of suitable protective measures are strongly

recommended. The preservation of the Anubanini rock relief is
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not only a national responsibility but also a significant contribu-

tion to the protection of global cultural heritage.
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Figure 3. Evaporation and Rainfall over a 30-Year Period

60
50

40

’”II‘|||‘|HI‘ I
. . i
;'.? /f ) s 5 o i _,‘/ f ¥ b

"

g Syl B e

B el et d e

Wlos oo )90 5 55 o] Slel 5 cogby dod lawgie & JSKud
Figure 4. Average Temperature, Humidity, and Sunny Hours over a 30-
Year Period
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Figure 5. Average Frost Days and Rainy Days over a 30-Year Period
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Figure 7. A. Rose Diagram and B. Contour Plot of Joint Mapping on the
Rocks of Anubanini's Rock Relief (Mehdi Abadi, 2025)

garsl gy W oolos Ly 5 039y Cdlgiy ¢ olidd (s pS s Llod 4

J1 (Swgmb Y-Y-A

o o = 8y Jlad by s (Kol ol & bayype slaylisle
2 Slolb pgd dwd 13 (s Jlgl b blod 4y g 039 (4,3 Fo—e ey )
o5 slews b (ghyld Lwly pl s bayyo (gliylidle 308 o ))8 jlages oy
al Oy Jlod Cow & by cud G g o3 (43, YO-ND)
Slolisle oles Loy 5 o3 caleS 1 diwd ol ola Siweul

Al o & S5 2l (6 s o] 856 S0l

)2 (Swgm Y-Y-A

Pl g o 8 Cge By Jles slily bl lajlslo ol
s 35 a0 oyl (laylidle 155 o (sl cdm )3 VooY's Cigay ] B3g9a
ol e G Jlod Caow 4y g dayd FO-YD dgds ) bawgie o
Dy90 30 Logatds g 0dg CAIeSS e slad oypSiqs bbd 4 b lis e
535 oo )3 (lhn 3 Fe Bl ) wgen)]
J3 (Suwgml £-V-A

o Bpb Jlod (IS sliwly Gl wd cpl 4 bgye sla)liS L

Gy sz oo 2 Lol (gages ol g 039 (423 YooY+ Sgal) (0
N N 739» Ol 4 bwgio i ()b b ylisle ol .l

g5 5 039 CAIES, « olad (cpScan bbd 4 5 awes opl slaldle
) b g Dgeujl 53 o3L;
XRD 565 A

S50 s SIS olwlid jslaie a4y &S Cunl (ST WSOl dnisl iy
dlozel P g &y )15,] ST ol 510905 oo o0litil (1 ysl oK

Yo L;lmdu’w 5 0D U;L»Lm Lgbb)'lé Y de«?

Table 2. Phases identified in sample MM1 & MM2

Visible Ref. Code Score Compound Name | Displacement [°2Th.] ::;1; Chemical Formula
MM1 01-088-1809 35 Calcium Carbonat 0.000 0.801 Ca (C O3)
MM2 01-072-1937 36 Calcium Carbonat 0.000 0.674 CaCO3
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Table 3. Results of XRF analysis of the Anubani relief

Stone 02 Stone 01 Sample
SiO, 1.9 1.7
ALO3 0.51 0.5
MgO 0.83 0.83
Na,O 0.052 0.027
K0 0.011 0.01
CaO 54.4 54.8
FexO3 0.34 0.32
TiOs 0.035 0.033
Cl 0.011 0.011
SO3 0.21 0.27
P20s 0.075 0.073
LOI 41.51 14.2
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Figure 11. Tectonic joints, dissolution cavities, and bullet holes in the bedrock of the relief: a) Tectonic joints, b) dissolution cavities and ¢) No
holes at the site of the bullet impact
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Figure 15. Biochemical Weathering at Bullet Impact Sites
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Figure 13. Expansion of Dissolution and Formation of Karstic Cavities Ad-

jacent to and on the Artifact
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Figure 14. Spatial Distribution and Pattern of Damage on the Rock Relief

Surface
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