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ARTICLE INFO ABSTRACT

Article Type: Anubani in Sarpol Zahab city of Kermanshah is one of the oldest stone
Original Research reliefs in Iran, belonging to the Lolubi people, dating back to 2800 BC.
This work is constantly exposed to environmental factors that have
been less investigated. The main damage is physical weathering in the
form of pitting, cracking, separation and crushing. The research
method included laboratory investigations and identification of
mineralogy and structure and the mechanism of rock destruction,
which included XRD methods to identify the phase and type of mineral
in the rock. XRF was used to obtain quantitative data on element
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g:t’fl‘gf:,g' concentrations and petrography to study the minerals in it. Standard
Conservation water absorption and porosity tests were used. The_resplts of the XRD
Restoration and XRF showed that the dominant mate_rlal is _llmestone, ar_ld
Stone Relief according to the petrography results, the main matrix of the rock in
Anubani thin sections includes a (_iense texture of micrite to coarse calcite
XRD crystal_s of secondary sparite and streaks of sparite. The texture of the
XRF stone is compact and free of holes. The most necessary measure for

conservation is the use of protective scaffolding and false ceilings. The
solutions of establishing a security unit, creating a culture and
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informing the public, installing appropriate security and designing a
visiting route were suggested to solve this problem. In the discussion
of cleaning, two physical and chemical methods were suggested, and

then deionized water in addition to biodegradable detergents such as
Diedrich was presented to clean sediments.
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EXTENDED ABSTRACT

Introduction

The stone relief of Anubani is one of the oldest historical monuments of Iran in Sarpol
Zahab, located in the west of central Zagros, which dates back to the third millennium BC,
and was identified by Rawlinson in 1836. This stone relief belongs to the Lolubi period.
Conservation of stone works in the open environment has always been complex, which
requires the use of different sciences and technologies and the consideration of different
variables in the analysis of data. Cracks, fractures, seams, pitting, crushing, separation,
sediments and copper, as well as biological damages, have appeared in the Anubani relief. In
addition, the surface of the effect is in contact with dust caused by fine dust coming from
Iraq, as well as pollutants caused by oil extraction in the Naft Shahr area near Sarpol Zahab.
Since this relief is not in a good state of conservation and unfortunately its damages are
spreading, and also due to the uniqueness of the relief and its unfavourable conditions,
efforts towards this matter are necessary. The goals of this article were to identify minerals
and rock structures, identify the damaging factors and destructive mechanisms, and provide
conservation and restoration solutions for them.

Methodology

The XRD method was used to determine the crystal structure of materials and is one of
the best and most practical methods in identifying the structure of minerals, including rocks.
To identify the composition of the desired rock sample, XRD, model D8 ADVANCE of
BRUKER company, Germany, was used in the central laboratory of Isfahan University.

X-ray fluorescence (XRF) is a non-destructive method to identify and measure the
amount of elements in compounds. In this experiment, the XRF model S4 PIONEER,
BRUKER company in Germany, was used in the central laboratory of Isfahan University.

Petrography was used to identify the minerals and structure of the studied relief
patterns from the cross-section. Several images were prepared in XPL cross-polarized light
and PPL parallel-polarized light mode. In the petrography method, a thin layer of 30 microns
thick was prepared on the laboratory slide from the sample and after the cutting and
abrasion process, the sample was covered to protect it from possible damages.

The water absorption test was conducted to determine the amount of water absorption
on two rock samples according to the (UNE-EN 1936.2007) standard in the Soil Mechanics
and Technical Laboratory of Kermanshah Province. First, the samples were washed with
distilled water and dried in an oven at a temperature of (60+2) for 48 hours. After the
samples were dried, they were cooled at room temperature for 30 minutes and weighed. All
samples were weighed in alternate minutes.

The porosity test was carried out to determine the porosity of the relief stone at the Soil
Mechanical Laboratory of Kermanshah Province. The samples were first placed in a desiccator
chamber immersed in water with a temperature of (22 + 2) under a vacuum of 700 mmHg.
The samples were then weighed. PHT is measured based on the following formula:

Pur = (Ms - Mo) / (Ms - Mu) x 100
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Where (MO) is the dry weight of the samples, MS is in water under vacuum, and MH
isin air

Results and discussion

The results of the X-ray diffraction are presented in Table 2. The phases that form the
rocks contain calcite, showing a peak in the range of 42000; quartz was also identified in the
sample. X-ray fluorescence results showed that calcium (CaO) is the largest constituent
percentage in both samples A 54.35 wt.% and B 54.35 wt.%. MgO and SiOz, respectively,
with an average of 1.56 wt.% and 0.6wt.% of the total sample volume; other elements such
as aluminium, iron, sulfur, potassium, strontium and copper constituted less than 5.5. A high
amount of volatile matter (LOI) indicates the presence of light elements in a high amount in
the rock. Calcium is the main element in the composition of the rock. MgO and SiOz were
also measured in the composition of the samples. A sample was classified in the very pure
group and B sample in the pure group.

Petrography

The main matrix includes compact texture from micrite to sparite. The veins are filled
with coarse crystals of sparitic secondary calcite. Sample B is similar to A. The number and
variety of fossils in the tissue of this sample are much greater than in sample A and show an
obvious difference. Stylolites and streaks can be seen on the side of this texture. Both
samples had low porosity.

Conclusion

The pathological studies carried out in the relief of Anubani show that the impact of the
weathering event was of great intensity. This relief made of limestone is filled with sparite;
the main matrix contains a compact texture from micrite to sparite and the veins contain
crystals of coarse secondary calcite.

Conservation approches
The use of scaffolding and false ceilings with non-ferrous or stainless-steel bases to

avoid the effects of rust and possible stains on the embossed surface are recommended. Roof
covering made of PVC should be used to prevent damage caused by natural factors and
establishing a security unit, informing the public, as well as installing appropriate protection
and designing a visit route are also suggested.

Treatment approaches
Physical and chemical cleaning methods are suggested using tools such as Bisturi blades

and spatulas and then deionized water along with biodegradable detergents such as
Diedrich. Ethyl silicate (TEOS) + methoxysilane (MTMOS) was chosen to match the
composition of this stone. LEDAN-INJECTION Adnaral is also used to fill micro cracks, and
fractures. Ledan-Adnaral was kneaded with water for 10 minutes with a stirrer and applied
to surface. It was repeated again after 4 to 5 hours. These materials were used in the form of
mortar to fill cracks and in injection solution under pressure to fill and connect large and
small cracks.
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