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Abstract

The establishment of lichens on stone surfaces can cause serious damages to the surface. While the
harms by the epilithic settlement is restricted to visual damages, the endolithic settlement will also
bring about setious damage to the depths of the rock and will form small holes and fractures within
the rock, which in turn will allow other organisms to penetrate and prompt further impairments.
Considering the historical importance of the surfaces of carved stones at the world heritage site of
Persepolis and the damages induced by lichens in these valuable works, the purpose of this study was
to investigate the destructive role of lichens of the Verrucariaceae family at this legendary site. In this
study, thin sections were prepared to identify the type and texture of the rock in terms of petrography.
In order to detect organic substances on the rock surface as well as their color difference, pyrographic
and FTIR studies were conducted. Additionally, using an electron microscope and an optical
stereomicroscope, the damages caused by biopits resulting from lichen thallus in the stone were
examined. In conjunction with petrographic studies, the type and origin of the stones as well as their
vulnerability were identified. Based on the FTIR analysis, it was determined that the stone’s color
changed from gray to white due to calcium oxalate precipitation. The results of electron microscope
imaging showed that the establishment of lichen (VVerrucaria buschirensis s.lat) of the Verrucariaceae
family and the penetration of hyphae into the stone severely damaged the surface of the stones at
Persepolis, and any neglect will result in further irreparable damages.
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Introduction

When beauty and grandeur continued to rule for thousands of years, durable materials such
as stone were most widely used [1]. Outdoor unsheltered historical monuments are exposed
to much more erosive factors than those in indoor exposure environments. Consequently,
the deterioration of building stones causes irreparable damage to our cultural heritage.
Erosion of rocks and their transformation into soil is a natural process. However, the
occurrence of this process on the surface of stone buildings and historical monuments
precipitates irreparable damages [2]. Microorganisms are also an important factor apart from
chemical and physical factors. The placement of lichens on the surface of the stone causes
serious damages to the bedrock [3]. The genus, which is classified in the family
Verrucariaceae, grows mainly on rocks. They grow epilithically or endolithically in the rock
surface layers and show different growth patterns and biodegradations [4]. Damage to the
bedrock depends on the type of growth. Epilithic growth causes visual damages, whereas
endolithic growth is associated with deep-seated damages [5]. The purpose of this study is
to examine the role of dominant lichens at Persepolis and to evaluate the extent of damages
caused by the establishment of Verrucaria buschirensis calcareous lichens. Dealing with these
factors requires their identification and thorough analysis. The present study is an
introduction to the study of endolithic lichens and their destructive effects in Iran to provide
the basis for further research.

Material and methods

We scanned 14 points in different parts and buildings of the Persepolis World Heritage Site
in several stages. The samples were transferred to Iranian Cryptogamic Herbarium based in
the Iranian Research Organization for Science and Technology for detailed studies. In this
study, petrographic analysis of stone samples was used to determine the minerals in the stone
as well as its origin, biomineralization, and fossil content. FTIR studies were used to identify
the organic matter present on the rock surface and to investigate the color change of rocks
from gray to white around biopits as well as to observe calcium oxalate deposition on rocks
and changes in their color. Also, the stereomicroscope was applied to examine the stones
and select suitable samples for Scanning Electron Microscopy (SEM). Thus, we examined
the damages caused by lichen talus formation inside the rock and biopits.

Results

Through images taken from 14 different points, the number of tallus and the damages were
estimated. With more than 300 tallus, the Hadish Palace showed the highest rate of
colonization. At the Apadana Palace, an average of 100 tallus were spotted and
photographed. Petrographic studies determined the genus and origin of rocks and their
vulnerability. The studied samples obtained from the mines are similar to the samples used
in the palaces, all being of the micro-limestone type. Therefore, the examined results can be
compared with instances from outside the complex and from inside the palaces. On the other
hand, because the Verrucariacea family has a great tendency to grow and colonize in
limestone, the material of these rocks has provided the ground for colonization and
biomineralization. FTIR findings (Figl) showed an increase in calcium oxalate deposition
due to the change in the color of rocks from gray to white. As a result of electron microscopy,
we see that the endolithic lichen Verrucaria buschirensis and the hyphae growing in the stones
cause serious damages to their surfaces, so regular conservational measures are vital. The
SEM study shows that hyphae have penetrated the pores of the rock. Any negligence will
result in further irreparable damages. According to field observations, the points with the
highest contamination with the Verrucariacea family were the Hadish Palace, the Apadana
Palace, the Incomplete Gate, and the Palace of Hundred Columns as can be seen in Fig. 2.
In terms of distribution, the highest rate of scattering of intracellular lichens and damage to
the endolithic species of Verrucaria buschirensis concerns the Hadish Palace, where about 49%
of the biopits resulting from the growth of this species were observed. The Apadana Palace
with 16% colonization and distribution, and the walls with 8% have suffered the most
damages from the presence of lichens of the Verucariaceae family.
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Figl: Analyzing color changes in biopit areas using FTIR: 1) The results of FTIR show the presence of calcium carbonate
salt (with index peaks in the areas of 1421 cm-1, and 771 cm-1), which confirms the results of a slight increase in the
presence of calcium carbonate salt in the white areas. 2) White areas around the biopit with increasing calcium carbonate
deposits; 3) Gray atreas around the biopit.
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Fig2: Areas where colonization of Verrucaria buschirensis s. lat and biopits have been observed. The highest number of
Verrucaria invasions was observed in the Hadish and Apadana palaces, which suffered the most damage. In the palace of
Hundred Columns damages are moderate. The rate is low in the Gate of Nations and the Unfinished Gate and reaches
zero percent in the Thatcher Palace and the Treasury.
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Conclusions

Considering the historical value and importance of the Persepolis historical complex, its preservation
is very necessary and vital as this historical complex has undergone many changes and damages over
time. One of the most important damages to this complex is biodegradation, in which various
biological factors are involved. Among these, the role of endolithic organisms is very destructive and
noteworthy. The results of field observations and the approximate extent of the presence at
Persepolis, stones colonized with Verrucariacea lichens exhibit different types of damages, based on
macroscopic and microscopic analyses. As lichen grows on the surface of the rock, it is visible in the
form of dark spots, which is the primary damage visible to the naked eye. This damage is deep in the
rock and according to electron microscopy studies, the penetration of hyphae and lichen filaments
into the depths of the rock is not visible without microscopic studies, though it is far more dangerous
because it causes very minor fractures inside the rock and by establishing other biological factors, it
provides the ground for further penetrations and deep erosion of rocks. Secondary damage is caused
by the death and evacuation of this lichen. The unique and endolithic growth of this family causes
the formation of biopits in the form of small cavities in the rock surfaces. In addition to extensive
damages, they provide shelter for the growth of other factors such as lichens as well as insect eggs.
With the growth of various factors, the balance of chemicals in the involved areas is disturbed, and
with the increasing deposition of calcium carbonate, it changes the color of the rock from gray to
white. Each of these damages, in turn, is irreparable and irreversible and should not be ignored. It is
hoped that this paper as an introductory contribution to the study of limestone rock microorganisms
and the damages caused by them will pave the way for further research. Finally, it is noteworthy that
a team consisting of a combination of biological and archeological specialties will certainly lead to a
better analysis of the related topics.
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buschirensis talus have been observed on the heights around the gate of the nations. The sampling route is specified in 14
sections and the palace. The scale of the images related to the geographical location is 200, 100 and 2 km, respectively.
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Fig2: An example of damages caused by the emergence
of Verrucaria buschirensis s.lat in Persepolis. 1) Biopits
formed and re-colonization of other lichens at the site
of biopit formation. 2 and 3) cavities formed and
emptied 4 and 5) thallus containing live lichen of the
genus [Verrucaria buschirensis s.lat d) discoloration of the
rock due to calcification.
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Fig3: Fig 1 shows an example of a rock selected from the
mines around Persepolis for petrographic studies.
Photomicrograph, Persepolis sample, ppl light, field of view,
length of 2.7 mm, several different images of Persepolis
sample. In Figures 3,4, 5, and 6, the remains of fossil
fragments with iron oxide can be seen in the limestone
background, and in Figure 2, the empty space in the center of
the image is prepared with spar secondary cement.
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Fig2: An example of damages caused by the emergence of
Verrucaria buschirensis s.lat in Persepolis. 1) Biopits formed
and re-colonization of other lichens at the site of biopit
formation. 2 and 3) cavities formed and emptied 4 and 5)

thallus containing live lichen of the genus I ermucaria buschirensis
s.dat ) discoloration of the rock due to calcification.
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Fig4: Images from a scanning electron microscope. 1)
Limestone talus related to Verrucaria buschirensis s.lat,
which was selected for scanning electron microscopy studies.
2) The discharged thallus under the electron microscope, 3)
The strands of lichen hyphae that are woven into the rock. 4)
The structure of the hyphae up close 5) The cross section of

the hyphae 6) A view of the hyphae woven inside the rock
minerals
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Fig5: Areas where colonization of VVerrucaria buschirensis s.lat and biopits have been observed. The highest number of
Verrncaria invasions was observed in Hadish Palace and Apadana Palace, which suffered the most damage. In the palace,
one hundred columns of damage are moderate. This rate is low in the Gate of Nations and Unfinished Gate and reaches
zero percent in Thatcher Palace and the Treasury.
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Fig7: Analyzing color changes in biopit areas using FTIR 1)
The results of FTIR show the presence of calcium carbonate

salt (with index peaks in the areas of 1421 cm-1, and 771 cm-
1), which confirms the results of a slight increase in the
presence of calcium carbonate salt in the white areas. Gray
ratio. White areas around the biopit with increasing calcium
carbonate deposits 3) Gray areas around the biopit
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Vertucaria and the discharged talus is observed around it. 2)
Photos of biopits containing I errucaria 3) Microscopic
photographs of photobionts (algae) of lichens 4) Presence of
lichen talus next to discharged biopits 5) Spores of the lichen
section 6) Biopits in which calcium deposits have deposited

with a lichen talus 7) Empty biopits and their effects due to the

previous establishment of 1Vermaria
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