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Fig. 1. Images of the studied historical stone monuments, A) the stone temple of Dashkasan, B) the historical
stone inscriptions of Sojas
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E": Rhyolite
E2: Andesite (Karaj Formation)
Eb: Basalt

Eya: Tuffand lava (AMAND MEMBER)

E: Eocene undivided
Ex! : Upper tuffaceous shale
Ey!': lower tuffaceous shale

P,: Limestone and sandy limestone
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Fig. 2. Geological location of the region and sampling locations (Hashemi 1397)
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Table 1. Mineralogical characteristics and textures of the studied rocks
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Fig. 3. Microscopic images of the studied rock samples
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Table 2. Physical characteristics of the studied rock samples
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5.52 12.31 2.58 241 2.30 Max.
5.16 11.68 2.57 2.38 2.27 Ave. DKT1
0.35 0.62 0.02 0.03 0.03 S.D.
4.85 10.99 2.54 2.35 2.22 Min.
5.59 12.42 2.57 2.40 2.29 Max.
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4.97 11.27 2.59 2.59 231 Max. SHC2
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Table 3. Slake-durability index values of the studied rock samples
Id (%) K3,19 - plgo pasls
SHC2 SHC1 DKT2 DKT1 4 oyled
e Slilges (Jyore Ol s Slilgs Jyere O o Slilgs yene O s Slilgs Jyens O
100 100 100 100 100 100 100 100 sl 51 Jud
98.00 98.04 96.13 96.15 98.48 98.34 98.87 98.67 1
96.77 96.91 92.17 93.62 97.90 97.62 98.47 97.99 2
95.14 96.02 80.48 91.50 97.15 97.07 97.95 97.48 3
92.83 95.17 54.48 89.59 96.31 96.52 97.30 97.01 4
90.69 94.33 32.94 87.75 95.26 95.99 96.53 96.51 5
87.91 93.57 16.28 85.99 94.16 95.55 95.72 96.12 6
84.86 92.74 10.85 84.14 93.07 95.07 94.86 95.68 7
87.95 91.92 6.10 82.37 9241 95.55 94.47 95.19 8
70.09 91.16 2.85 80.63 91.09 94.17 93.64 94.80 9
59.33 90.38 1.70 78.95 89.71 93.70 92.65 94.36 10
51.66 89.69 1.02 77.27 86.36 93.22 91.75 93.96 11
45.10 88.93 0.64 75.55 87.13 92.86 90.76 93.52 12
39.62 88.21 0.42 73.94 85.51 92.42 89.58 93.13 13
35.59 87.59 0.29 72.33 83.93 92.02 88.51 92.78 14
32.64 86.77 0.18 70.70 82.25 91.56 87.25 92.34 15
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Fig. 4. Changes in slake-durability index with increasing test cycles for the studied rock samples in a) normal

water, and b) sodium sulfate solution
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Fig. 5. Images of the studied rock samples in the slake-durability test before and after the 15th test cycle
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Abstract
In this research, the durability and deterioration of two historical stone monuments, including the
Dashkasan rock temple and the historical stone inscriptions of the Sojas cemetery in the south of
Zanjan province, were investigated. For this purpose, two stone block samples were selected from
each historical work for laboratory study. Based on the geological investigations, the historical
monuments of the Dashkasan rock temple were carved on tuffs of the Karaj Formation.
According to the thin section study, the Dashkasan temple rocks composed of the crystal vitric
tuff and lithic vitric tuff and the samples of the historical inscriptions of the Sojas cemetery were
limestone and very fine-grained sandstone, quartz being the dominant mineral of these rocks. In
terms of physical characteristics, the samples studied have medium density and porosity. In terms
of durability and deterioration, all four samples were subjected to 15 cycles of the slake durability
test in normal water and sodium sulphate solution. The degradation function model and half-life
of all four samples were determined and analysed. The results show that all four samples have a
lower slake-durability index in sodium sulphate solution than in normal water. Due to the
presence of quartz in lime or clay matrix, the samples of historical stone inscriptions from Sojas
cemetery have more water absorption and porosity and are more durable, and their half-life is
lower than the samples from Dashkasan rock temple.
Keywords: Dashkasan rock temple, Sojas historical cemetery, Stone monuments, Slake-
durability, weathering.

Introduction
Historic monuments are considered part of the world's cultural heritage and are made of various types
of natural stone. Over time, the stones that make up historic monuments are affected by weathering,
erosion, destruction and natural hazards. Destruction and weathering are the main multidimensional
and unavoidable destructive factors in historical works that are created in the vicinity of weather and
environmental conditions. In Iran, there are valuable historical buildings that are exposed to natural
hazards and can be severely damaged by these hazards. The weathering of stones, either physically,
which affects the physical and mechanical properties of the stones, or chemically, which causes the
decomposition and dissolution of the minerals that make up the stones, as a natural process, is the
most important factor controlling the durability and deterioration of the stones that make up the works.
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The rate of weathering of historic monuments depends on the nature and characteristics of the parent
rock (mineralogical composition, texture, physical, and mechanical and durability properties) and the
environmental conditions (climatic characteristics, regional climate, topography and human factors).
Therefore, the knowledge of the technical characteristics and the execution of engineering geological
studies in historical and ancient works for the stones that make up these works help us to preserve,
maintain and improve them.

Methodology
In the present research, in order to investigate the durability and deterioration of historical stone
monuments in the south of Zanjan Province, after the desk studies including geographical location,
age, type of building stone, etc., a field visit was made to the mentioned areas. Four stone block
samples were selected, two of which were related to the inscriptions of Sojas historical cemetery and
were among the broken and unusable samples of the inscriptions themselves. In addition, two samples
from the Dashkasan Temple were prepared from the area and a site close to this historical monument.
After the samples were transferred to the laboratory, the first step was to carry out microscopic studies
to determine the mineralogical composition and texture of the rocks studied. The physical properties
of these samples were then calculated using the laboratory samples prepared. These samples were
also subjected to the slake-durability test of 15 cycles in normal water and 15 cycles in sodium
sulphate solution. Finally, using mathematical modelling, the model of degradation function and half-
life of the studied samples was presented.

Results and discussion

Based on the thin section studies of the Dashkasan Rock Temple samples, it was determined that both
samples belong to the light green tuffs of the Karaj Formation. Based on the study of microscopic
thin sections, the samples of inscriptions in the historical cemetery of Sejas were identified as
calcareous sandstone and very fine-grained sandstone. The samples studied belong to the category of
medium unit weight and porosity. According to the classification of Franklin and Chandra (1972), all
samples were classified as highly resistant in normal water and sodium sulphate solution. Also
according to Gamble's (1971) classification, the sample from SHC1 is classified as slightly resistant
in normal water and sodium sulphate solution and the other samples are classified as resistant. As the
number of test cycles increases, the value of the durability index decreases. The samples studied have
a lower half-life and a high degradation rate in saline solution, and a higher half-life and a lower
degradation rate in normal water.

Conclusions
In terms of durability, both the Dashkesen temple samples in normal water and sodium sulphate
solution are in the highly durable category according to the classifications of Franklin and Chandra
(1972) and Gambel (1971) respectively. According to Franklin and Chandra's (1972) classification,
the Soja historical stone inscriptions are classified as extremely durable in both normal water and
sodium sulphate solution. According to Gamble's (1971) classification, in normal water the samples
are in the durable category and in sodium sulphate solution the sample of SHC1 is in the slightly
durable category and the sample of SHC2 is in the durable category. The samples studied in salt
solution have a lower half-life and a higher degradation rate, and in normal water the half-life is
higher and the degradation rate is lower.



