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Prefaces

The research activities carried out by the Iranian-Italian Joint Archaeological Mission in Fars on the
Persepolis Terrace in the frame of the project "From Palace to Town: An integrated
multidisciplinary approach to Persepolis terrace and town" include aspects of great relevance for the
preservation of the World Heritage Site of Persepolis. A whole section of the project has indeed
been dedicated to diagnostic studies, which represent the first step for an appropriate
methodological approach to conservation as well as a basic tool for our commitment to the
preservation of the masterworks of Achaemenid architecture concentrating on its Terrace. The
completion of the diagnostic studies, supported by sophisticated analyses, has made it possible to
reach a safer ground in the evaluation of the causes of stone decay. This fact, in its turn, has
suggested us to experiment a new approach in the intervention on conservation of stone, through the
realization of a short didactic hands-on workshop of great methodological value. The results of this
practical activity, carried out in 2011 and illustrated in the volume, are subject to an accurate and
constant monitoring, in view of the possibility to extend the same methodology to a larger scale.
Thus, the abundant information obtained through several scientific methodologies and made
accessible through a digital publication represents a precious tool for further steps which ICHHTO
will carry on.
Mohammad Hassan Talebian
Deputy, ICHHTO

The results of the research activities of the Joint Iranian-Italian Archaeological Mission in Fars in
the area of the Persepolis Terrace represent the most recent advances in our knowledge of a site of
fundamental importance for the history of humanity. The Research Centre for Cultural Heritage and
Tourism of the Islamic Republic of Iran, under the aegis of which the activities are being carried out
on the basis of a Memorandum of Understanding signed in 2008 and renewed in 2013, is glad that
the Persepolis Terrace has also been included in the joint archaeological project.
The volume presents the results of the diagnostic activities which have been directed toward the
survey on the state of conservation of stone materials and artefacts and toward sampling and
application of chemical-physical, biological and mineralogical analyses. The value of these
activities is enhanced by the fact that they are the outcome of international collaboration, bearing
out my agreement to such collaboration framed within the Iranian strategy of development of
archaeological research. I am thankful for the scholars who have been able to produce such a
valuable contribution in this perspective, Iranian or Italian. My thanks also go to the Persepolis
archaeological authorities, now represented by the director of the Persepolis World Heritage Site,
Dr M. Rezaei Monfared, for the spirit of support and collaboration shown to the joint team during
the occasions of study and sampling.
Seyyed Mohammad Beheshti
Director, RICHT
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Introduction
Alireza Askari Chaverdi and Pierfrancesco Callieri
In Autumn 2008 the Iranian-Italian Joint Archaeological Mission, directed by the editors of the volume, selected the site
of Persepolis West for its program of excavations. This project aimed at discovering traces of the everyday town of
Persepolis and obtaining ceramic material from reliable stratigraphic contexts necessary to outline a ceramic sequence
of historic age for Fars, which was still missing. Even though the scope of the new project was to be mainly
archaeological, it was felt the need to urgently update the approach to conservation then applied by the local restorers
managed by Hassan Rahsaz, still based on methods and techniques in use in Italy during the 1960’ and 1970’. This
“Italian” approach was the result of 15 years of uninterrupted presence in Persepolis of the Italian team of restorers and
conservators headed by Giuseppe and Ann Britt Tilia, up to 1979. Therefore, the five-year project that was submitted in
2007 to the Iranian authorities, approved in 2008, included both archaeology and conservation works, and was named
“From Palace to Town: An integrated multidisciplinary approach to Persepolis terrace and town”.
This title suggests that the focus of the work that was to be started on Persepolis, differently from the previous research
programs, would have shifted from the “Palaces” of the imperial Terrace, which had exclusively attracted the attention
of archaeologists in the past, to the inhabited settlement known from the written sources, the “Town”, at the same time
without forgetting the urgent needs of conservation on the Terrace and the multidisciplinary approach of an up-to-date
study of the past.
In this way, the project had two main objectives, respectively in the fields of archaeology and conservation. The
archaeological section of the project has concerned stratigraphic investigations in the promising areas evidenced by the
previous geophysical surveys over Persepolis West, one of the supposed areas in which to study everyday life in a
settled environment (the “Town”) (Askari Chaverdi and Callieri 2012) as well as in the area of Bagh-e Firuzi (Askari
Chaverdi, Callieri and Gondet 2013). They have also resulted in original archaeometric researches on ceramics and
other finds (Amadori et al. 2012). The collection of information regarding diagnostic on stone as a basis for subsequent
pilot conservation tests on the main problems met on the Persepolis Terrace (the “Palace”) have represented the strategy
of the conservation section of the project, which until now has preoduced several separated articles (Guidi et al. 2012;
Askari Chaverdi, Callieri, Laurenzi Tabasso and Lazzarini 2016).
The series of final reports on the 2008-2013 project “From Palace to Town” is made of four volumes. Volume 1 is
dedicated to the diagnostic studies necessary for subsequent interventions in conservations on the monuments of the
Terrace; Volume 2 is dedicated to field work concerning the inhabited settlement at Persepolis West; Volume 3 is
dedicated to field work in the area of Bagh-e Firuzi; Volume 4 is finally dedicated to the archaeometrical investigations
on finds.
While Volume 2 is being published as a volume printed by the BAR publishing house in the BAR International Series
(Askari Chaverdi and Callieri 2017), Volume 1 and Volume 4, due to the high number of colour illustrations necessary
for publications in those disciplines, are published in digital format by the BraDyPUS publishing house.
Volume 3 will be only published after the end of the excavations of the gate at Tol-e Ajori, which are the object of of
new MoU for the years 2014-2018 (Askari Chaverdi, Callieri and Matin 2014).
We wish to thank in this regard all the scholars who collaborated in the project: their names are listed in the report of
each one of the activities. Without them, as without the skilled workers of the villages around Persepolis, these activities
would not have been possible. The two directors of the Joint Missions tried their best to offer to each of these scholars
the most suitable conditions for work and to integrate the results of these multidisciplinary activiti in a holistic view,
basically finalised to the preservation of Persepolis World Heritage Sites in its archaeological context.
We have to thank the Institutions which between 2008 and 2013 made this project possible through scientific and
financial support: in Italy the Ministry of Foreign Affairs, the Ministry of Education, University and Scientific
Research, the University of Bologna and its Department of Cultural Heritage, the Fondazione Flaminia-Ravenna, the
Italian Institute for Africa and the Orient; in Iran the Research Institute for Cultural Heritage and Tourism of the Islamic
Republic of Iran, the Iranian Centre for Archaeological Research, at the start of the project guided respectively by Dr
Taha Hashemi and Prof. Hassan Fazeli Nashli and now by Seyyed Mohammad Beheshti and Dr Hamideh Choubak, as
well as the Parsa-Pasargadae Research Foundation, guided at the time of the work by Dr Mohammad Hassan Talebian,
the Shiraz University and the Embassy of Italy: to all of them our most sincere gratitude.
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1
Topography and GIS
1.1
Topography
Sven Stefano Tilia
The activities that have characterized the topographic and documentation campaigns at Persepolis and in particular
throughout a number of areas surrounding the main terrace have been varied and have followed the evolution of the
now long-lasting collaboration between the Iranian and Italian archaeological and ‘cultural heritage protection’ teams.
The underlying project was aimed at the fulfilment of a particular objective: the establishment of a series of criteria for
the survey, research and subsequent management of a territory of immense historical and archaeological importance. In
this respect, the detailed documentation, mapping, the recording through accurate georeferencing and production of
subsequent cartography are fundamental in the study and understanding of complex diachronic spatial data.
Furthermore, the correct recording of spatial data is instrumental for the correct management and protection of cultural
heritage sites, providing the manager and also the legislator with a powerful tool in decision making. These were the
methodological presuppositions that guided the research and topography teams throughout the many campaigns, besides
we must add that the evolution of information technology provided us with new tools that have immensely enhanced the
capabilities in the fields of detailed documentation and mapping.
The basis of a proper territorial study is a detailed and comprehensive map (cartographical base) in which all newly
acquired spatial information may be placed and recorded. This obviously implies that such cartography is digital to start
with in order to be easily used as a repository of new data, in addition to a host of analytical possibilities provided by
the digital mean. When our project started out, this was not necessarily a given since paper maps were still the norm, in
particular maps providing extended territorial topographic information. Another point to consider was the selection of
the correct and official (recognized by the authorities) map to be used throughout the length of the project that could
meet the multiple requirements of all parties involved, not to mention its application in a GIS environment. The
“official status” of the map was deemed important in order to have a base to which everybody could relate to, even in
the event of legal matters. The initial objective of the project was the creation of an all-inclusive cartographic base in
which to record and subsequently analyse data of such diverse fields as archaeology, geophysics, restoration, etc. Later,
as the activities evolved, a more rational and specific approach was taken and, for example, the mapping of restoration
analysis and interventions was set temporarily aside, and the focus was put on the survey of the plain in the immediate
vicinity of the main terrace of Persepolis (Persepolis West).
A preliminary knowledge acquisition phase was devised to acquire and gather all data and material available within the
management offices of Persepolis, whether cartographic, spatial, non-spatial or in the form of databases (relational or
not) in order to properly aim the project’s activities and to eventually find remedy for possible gaps in the body of tools
and data.
This initial cartographic planning campaign and the preliminary topographic survey of the archaeological area
denominated “Persepolis West”, was carried out between September and October 2008. During a preceding mission,
which took place during June 2008, all the cartography available in the archives of Persepolis’ technical office, was
collected and examined.
The following is a list of the cartography acquired in June 2008:
General (vector) map 1:25.000
Persepolis (vector) map 1:500
Harim-e Yek (1st level buffer zone around Persepolis) digital map
Geologic (aster) map
Laser scans (Lieder), Persepolis and Kuh-e Rahmat 1-2
The base digital map (1:2000 scale) of the archaeological area derives from the Harim-e Yek map. It was prepared
through the association of a North oriented grid and a number of reference points; originally, this map had been created
referring it to a local coordinate system and not to a global system such as WGS84; the geophysical surveys carried out
by an Iranian team had been overlaid on this map and, subsequently, the ones carried out by an Iranian-French team
were also added to the same map.
Nevertheless, the Harim-e Yek map did not present a detailed depiction of the Persepolis terrace and its immediate
surroundings; hence another map of the site was needed for the proposed GIS system concerning documentation and
preservation/restoration data. The chosen one was in 1:500 scale and (apparently) georeferenced to the UTM WGS84
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system. Both maps described above were created by technicians belonging to local (though different) specialized firms.
They both used common fixed datum points which were, in large part, identified on the terrain during our topographic
campaign. An attempt to unite both maps was carried out by including the common datum points in a traverse,
measured through the use of the total station (Leica TCRM 1203) belonging to the office of Persepolis; discrepancies in
such measurements suggested us to set this task aside until the absolute positions of the datum points could be firmly
established through the use of, for example, differential GPS, thus, as a temporary measure, the two maps were treated
as separate entities.

Fig. 1 - The Harim-e Yek map which was chosen as the general repository for all surveyed data.
In order to open the excavation trenches, three areas were staked out with an orientation consistent with the North-South
grid present on the Harim-e Yek map and taking the geophysical survey overlaid on it into consideration.
During the works, two new datum points placed along one of the grid lines (North-South direction) were established by
cementing iron rods into the government owned terrain where one of the trenches was placed. It is hoped that these two
new points may be useful, in particular, as an aid for new geophysical surveys that might be carried out in the area.
During the same period, some Iranian technicians/archaeologists of the Parsa-Pasargadae Research Foundation (PPRF)
were trained in the first stage of the use of the total station and constructor’s level by operating directly on the field.
Following the gathering of field data, the completion and unification of all available cartography were envisioned. As
mentioned before, for this goal the use of differential GPS would have been critical in order to achieve consistent
results. All relevant datum points would thus be measured in this way to georeference all maps and all future surveys.
Another issue that emerged during these activities regards the state of the existing total station: in our opinion, it should
have undergone thorough maintenance, a practice to be repeated once every two years at least.
Thus, in his first field campaign in the area of Persepolis West we established the operational procedures that enable the
topographic team to assist the archaeologists in the documentation of each excavation trench and, at the same time,
continued the survey of the surrounding territory by mapping yet uncharted archaeological evidences, position new
geophysics soundings and moreover check older surveys and maps and eventually correct them where needed and place
them into the newly established general cartography for the Persepolis area (Harim-e Yek).
In the 2009 campaign, the investigation of the area of Persepolis West continued with the opening of a new series of test
trenches. Particular emphasis, for the start of operations, was placed in the assessment of the validity of geophysical
readings in the search for hidden archaeological structures/artefacts. It was clear that, for this to be a successful
methodology, the georeferencing of the geophysical readings should have been particularly accurate in order to enable
the correct positioning of the test trenches.
From a topographic point of view, this operation wasn’t without its pitfalls due to the sometimes inaccurate datum point
positions on the general map chosen the year before. In fact, one of the main features of such map was the depiction of a
8
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series of cemented benchmarks placed throughout the territory under exam. These reference points could prove very
useful in the documentation and survey of any archaeological finding since they provide a fast mean of georeferencing
without the need of long instrumental traverses from far-away datum points or the use of expensive (and at the time
unavailable) differential GPS equipment. Unfortunately, many of these datum points resulted being not accurately
placed within our general map. Errors could vary from few centimetres to a meter or more in plan and, in some cases,
much more than one meter in elevation. The latter problem was particularly evident between datum points placed on the
plain in front of Persepolis and the ones positioned on the terrace. Furthermore, it became more and more evident that
many of the points recorded on the map were nowhere to be found on the field, especially those placed further away
from the Terrace. Probably due to intense past and ongoing agricultural activity carried out throughout the entire
surrounding territory, many of these cemented benchmarks had been eradicated.
As a positive note, the office at Persepolis announced that a private company had been commissioned to carry out a
series of differential GPS measurements of fixed datum points around the Terrace of Persepolis and that the relative
data was available. These measurements comprised of 5 cemented benchmarks (placed under the tomb of Artaxerxes II,
along the path leading to the tomb of Artaxerxes III, west of the road running in front of the Terrace and out from its
north-western corner, on a small hill north of the terrace and on the slope of Persepolis’ backdrop mountain north of the
tomb of Artaxerxes II, respectively) From then on these points would become the benchmarks for all subsequent survey
work both on the Terrace and its immediate surroundings, even though there were some problems in adapting them to
the survey network due to their UTM type coordinates (projected coordinates as opposed to ground measured
coordinates) and the lack of a handy coordinate conversion software.
The following archaeological activity consisted in opening a series of trenches (topographically materialized on the
ground with the guidance of the geophysics soundings as described above) in the area just west of the so-called
Fratarakā building. For the occasion, it was deemed useful to insert an existing plan map of such structure inside our
main cartography. Unfortunately, no precise map of it existed except for a schematic plan derived from a publication, so
its insertion proved quite difficult topographically since points measured on specific features of the structure did not
metrically correspond to the same features on the Harim-e Yek map. Finally, such insertion was achieved by
approximation and through a trial and error method.
When the excavations were completed, they were topographically and photographically documented through the
acquisition of elevation points and the creation of an orthophoto mosaic of the trench’s last phase. These orthophoto
mosaics were created by acquiring a series of zenithal images (with a camera mounted on a 5 meter pole with its lens
pointing to the ground) and assembling them within a specific software that assigns a series of topographically
measured and conveniently placed points (made visible on the ground and on the images thanks to high contrast
markers) and thus correcting any lens and perspective aberration. This methodology is quite convenient, provided that
the subject of the documentation can be assimilated to a plane. In the meantime, the topographic activity continued with
the referencing of a number of geophysical soundings concerning various areas throughout Persepolis West.
The following campaign, which was carried out in 2011, was a major shift in activities from an archaeological point of
view since it was decided to excavate one particular site rather than carrying out test trenches over a wider territory.
From a topographic point of view the methodology to be applied was more or less the same with the exception that the
new site, called Tol-e Ajori, being rather distant from the Terrace (about 3.5 Km), did not readily permit its
incorporation within the network of datum points that had been so painstakingly established and cross-checked during
the preceding campaigns. Fortunately, two cemented benchmarks were found in the immediate vicinity of the site
(points T198 and T216). These belonged to the original series of datum points that were handily present on the main
map where their coordinates could be deduced. A topographical traverse was established in the area comprising these
two points plus a new station placed directly on top of the mound, the latter being the object of the archaeological
campaign. The survey of these benchmarks (not connected with the coordinate system originating in Persepolis proper,
save for the deducted coordinates of T198 and T216) provides us with an encouraging discrepancy between them of just
a few centimetres in consideration of a baseline (distance between the two points) of nearly 750 m. It was thus decided
to continue all work bounding to these two reference points and eventually tying-up with the main reference system at a
later stage, not considering the fact that, from a cartographic point of view, the new site seemed to be perfectly
positioned in correspondence to the features surrounding it., About 350 m due south-east to this mound there is a second
site called Firuzi 5, which was also included in the investigations taking place during this campaign. The first phase of
the topographical work, after the establishment of the traverse comprising the station on top of the mound of Tol-e Ajori
and the measurement of the two nearby datum points, consisted in the acquisition of the altimetry of the aforementioned
mound and the entire area of Firuzi 5, in order to create contour level maps of the two, and the survey of the main
features surrounding the sites, namely the main road running south-east of both sites plus the small field roads running
north-west. The resulting map was conceived as lone-standing and separate from any larger and all-inclusive general
cartography, as the one chosen by us during the very first campaign, but it had the inbuilt provision for a future
inclusion thanks to the two surveyed datum points. As planned by the archaeologists, two trenches were excavated on
Tol-e Ajori and one in Firuzi 5 (to which a later and smaller one was added). What was immediately apparent on Tol-e
Ajori, just after the first few centimetres of excavation within the first trench, was the presence of an imposing structure,
which at first sight seemed to be built with mud bricks, that was soon excavated exposing a vast and flat expanse. The
topographic team was thus immediately activated, and this structure was documented through orthophotography (in the
same manner as during the 2009 campaign).
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Fig. 2 - Tol-e Ajori, Trench Tr. 1: mud brick structure surveyed through orthophoto mosaiking.
At a later stage during the excavation, this first structure turned out to be the nucleus of an extremely large wall in
which the outer casing was actually built with baked bricks; some of the latter appeared to be glazed while some
presented relief decorations depicting what appeared to be parts of animals. Clearly, this apparently anonymous mound
was hiding an extremely important monument with mesmerizing archaeological and historical implications.
The second trench on Tol-e Ajori did not provide such spectacular findings but, nonetheless, the amount of crumbled
baked bricks found therein clearly hinted at the sheer size of the building.
Except for the aforementioned orthophoto mosaic, all graphic documentation was carried out (plans and sections)
through traditional methods (by hand measurements and drafting) but with the help of topographic measurements
(through total station). In the meantime, the excavation in Firuzi 5 had cleared up a series of large stones which were
already apparent before our investigation and that had been attributed to the foundations of a large building either
completely obliterated or never completed. This main trench was also documented through orthophotography.
Further topographical activities during this campaign consisted in the cartographical placement of a series of geophysics
soundings back in the area of Persepolis West. The sudden apparent importance of the archaeological find in Tol-e
Ajori clearly implied a shift of operations from the systematic survey of large portions of territory to the detailed study
of a specific monument: this was clear from an archaeological point of view but also when confronting the
documentation and topographic aspects. If we add to this the sheer importance of the monument, a compelling need to
find new, faster and more comprehensive documentation methods, such as laser scanner or stereophotogrammetry, was
clearly evident. So, when by chance a new software for the production of 3D models from typical digital images
(photogrammetry) became available at the beginning of the 2012 campaign, it was immediately adopted and put to full
use during this and all subsequent campaigns.
For the 2012 campaign, excavation activities were planned on Tol-e Ajori where three new trenches were excavated,
one parallel to the very first trench (Trench Tr. 3), one connecting the two trenches excavated in 2011 (Trench Tr. 4)
and a further one to the north of the hill in an attempt to investigate the opposite outer limits of the building (Trench Tr.
5). Thanks to the new software at hand, all documentation was carried out with the new mean both in plan view and, in
many cases, in prospect/section view.
10
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Fig. 3 - Example of orthophoto mosaic derived from a 3D model (Trenches Tr. 2/4).
All these investigations provided further evidence for envisioning the structure in its shape and possible use. From a
documentation point of view, the new software proved itself as a very easy to use tool for the production of orthophotos
and orthomosaiking (as with the previous techniques) with the added capability of producing detailed and accurate 3D
models of the same thus, in turn, enhancing the produced orthophotos to “true-orthophoto” status (true projected images
as opposed to simply orthorectified ones). Nonetheless, the use of this new methodology did not remove the need for a
topographical base and related measurements since all 3D models that can be created need to be in dimensions and
position relative to the world they exist in. This is possible only within a topographically created reference system,
whether through more traditional optical systems or satellite positioning systems (GPS).

Fig. 4 - 3D model of a portion of a glazed brick wall uncovered in Trench Tr. 9.
11
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The campaigns that followed were extremely eventful in the establishment of the significance of the Tol-e Ajori site, its
use and importance in antiquity, and yet very much needs to be done. The documentation techniques were further
refined together with the evolution of the photogrammetric software in use since 2012.
The last campaign in 2015 has seen the opening of the thirteenth trench and the construction of a protecting roof is
finally being taken into consideration. In this way, the whole site may be uncovered and presented to a possible public.
Even these last phases have been characterized by intense topographic activity as will certainly be the case in the next
campaign when the proper positioning of the protective roof and its fixtures into the terrain will be investigated.

Fig. 5 - Map of Tol-e Ajori after the final campaign in 2015.
During this period a parallel but nonetheless intense activity took place more in the vicinity of the terrace of Persepolis
where, in addition to the positioning of the ever ongoing geophysical investigations, a number of features were
surveyed. These comprised structures and artefacts on the mountain behind the main terrace (Kuh-e Rahmat), mostly
related to water management and the protective wall running on this mountain’s crest. Another area investigated and
mapped were the stone quarries north of the terrace, as were the buildings south of the terrace, the latter for the
assessment of accuracy and correct positioning of existing maps of the area.
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1.2
GIS - Persepolis Terrace
Hajar Askari Chaverdi, Angela Bizzarro and Sven Stefano Tilia
During the planning phases of the Iranian-Italian project concerning possible lines of cultural/archaeological heritage
management within the site of Persepolis and adjacent areas, particular emphasis was set upon the tools that could offer
the best in the decision making processes. Furthermore, such tools could prove invaluable also for the scientific study of
the territory, providing a mean for the processing and analysis of data and the subsequent creation of information. These
tools derive from the very basics of Information Technology (IT) such as the management of data repository systems
(Databases). Being our project based on a territory, it was also clear that where data are of spatial nature, that is when
topographic and/or geographic coordinates can be attributed to them, a different approach to the management of such
data could be envisioned. The management of spatial or “geospatial” data is also one of the basic constituents of IT and
has long been used in many fields, ranging from commercial applications to more scientific fields where geographic
position comes into play. The systems that have the capability of managing spatial data have been defined as
Geographical Information Systems (GIS).
GIS has been broadly utilized in archaeology where the association of spatial data to cartographic elements, within the
excavation bounds or in the study of a territory in its varying aspects, has become the norm in the typical workflows
employed by archaeologists. On the other hand, the relative novelty of our approach was the application of geospatial
data management to the restoration and preservation realm. While not unheard of in this field, the sheer size and
importance of the monument at hand certainly represented a challenge. Furthermore, the many issues that were
observed concerning the stone decorations and structures throughout the entire Terrace of Persepolis and the microclimatic environment with its uncommon extremes, not to mention the impact of ever growing numbers of tourists
visiting the site year after year, were strong proponents for the adoption of a system capable of managing all data
provided by observations, monitoring devices, archaeological, maintenance and conservation interventions. It is easy to
imagine how the proper management of such data and its analysis can lead to the creation of information that can be
fundamental in the planning of a preservation strategy. Another field in which GIS systems can provide excellent
assistance is in the management of the territory from an administrative/legal point of view, that is in the protection of
sites and archaeological/historical areas by restricting their use for construction and/or heavy agricultural usage. The
knowledge of the territory, through inspections, hands-off observations (by means of remotely operated cameras both
fixed or mounted on drones, for example) is a typical activity that can make excellent use of the GIS tool.
As mentioned at the beginning, the final aim of all these considerations is the creation of a decision -making helping
tool, not to mention all other possible fall-outs in scientific fields of application. With all these considerations in mind,
the first phase of the project was initiated with a knowledge gathering campaign to be carried out within the
administrative offices of Persepolis.
This first campaign, which included GIS planning and the study of a database, was carried out in June 2008, by the staff
of PPRF with the participation of Prof. Angela Bizzarro (IsIAO).
The planning of a GIS system concerning all restoration/preservation and relative diagnostics of Persepolis started with
the review of all archive documentation and databases created by the various technical offices operating on this
monumental area.
The databases examined together with the technicians were the following:
Library and documentation (books, manuscripts, articles, journals, reports, graduate thesis’, paper cartography,
digital cartography, CD ROMs, newspaper articles both national and international, etc.).
Persepolis images (maps, images, documents of all monuments under the supervision of the Parse Pasargadae
Research Foundation)
Museum
Brick
Mud brick
Pottery
Except for the database concerning pottery, created with File Maker Pro, all the others were organized through a
server/client intranet using the SQL language; such systems are similar to those used nationwide, for example the
library and the museum of Persepolis use the same database systems used in all libraries and museums in Iran, with the
only difference that the latter have already been placed on the web.
The local authorities envisioned by the creation of a system dedicated to the various monuments of Persepolis in which
to gather all the diverse and already catalogued information, certainly a very deserving feat particularly if you consider
possible future implementations.
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Considering the vast amount of data archived in the various offices, we decided to focus our attention, for the time
being, on a single monument: the Hundred Column Hall, and more precisely, on the North-Eastern Doorway, an area
originally planned to be restored. The fieldwork here had been carried out by placing on a paper map of Persepolis all
points relative to the original position of all the acquired samples to be used for diagnostics (each sampling point was
also photographed). The combination of this data with those available in the archives would have made possible the
creation of a GIS concerning preservation/restoration and diagnostics connected to environmental and anthropic
induced damages.
In order to create a dedicated centre for the storage and retrieval of all the aforementioned data in a GIS environment,
the Parsa-Pasargadae Research Foundation advised the acquisition of a complete system comprising all the necessary
hardware and software, including power protection, backup and antivirus utilities; it includes:
1 server
2 clients (at least)
Network antivirus system
Network firewall
Back up system (redundant hard disks, tape, etc.)
Power and surge protection systems
Also, in addition to the software already in use in the various offices:
1 Arcinfo complete
2 Arcview with extensions
A system with this structure could be functional both for the GIS system and the planned database concerning the
Terrace of Persepolis and would limit any damage from virus attacks and storage support (hard disk) failures.

Fig. 6 - Example of archaeological emergence within the area of Persepolis West – Trench Tr. 11 – Surveyed through
3D stereophotogrammetry in 2009.
With the beginning of the archaeological investigations, which were to be carried out throughout the area of Persepolis
West starting from September 2008, attention was reverted to the topographic base on which all future field activity
would be recorded and georeferenced. Among the many maps available in the Persepolis offices one, in particular, was
taken into consideration, the one depicting the so-called Harim-e Yek, a buffer zone comprising the Persepolis Terrace,
plus a portion of its surrounding territory where stand other important monuments such as Naqsh-e Rostam, Estakhr,
Naqsh-e Rajab, Takht-e Gowhar, etc. The Harim-e Yek is basically an area where, due to its archaeological and
historical importance, any activity involving land use is strictly regulated, if not prohibited. So from a territorial point of
view, such map was exactly fitting with the objectives of the project, moreover being it a digital map, the tedious and
error-prone process of hard copy digitisation and acquisition could be skipped. The map was immediately put to use
when the archaeological activities started in Persepolis West (just to the west of the great parking lot here present), first
in establishing a number of cemented datum points on the terrain in proximity of the sites to be excavated and then to
record all opened trenches and features of archaeological relevance (in particular stone fragments scattered on the field
where the activities were taking place). During these phases, all survey work was recorded on the map by using CAD
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software since the proposed GIS system had not been yet developed, let alone rendered operational. In any case, this did
not hinder our work since the transfer of acquired data to a GIS system would have been only a question of exportimport, setting aside the implementation of the connection with a database. This procedure was reiterated during the
successive season (October – November 2009) when a wider portion of the area known as “Persepolis West” was
investigated. During this campaign, it also became clear that the program of software/hardware acquisitions for the
proposed all-encompassing (restoration/conservation, archaeological research, territorial management) GIS system was
to be placed on hold due to uncertainties in adequate fund procurements. It was thus decided to construct a new system,
limited for the time being to the archaeological sector, by using freely available open-source tools. During the same
period, our team adopted a new open-source Relational Data Base System (RDBMS) based upon the SQL data control
language and custom tailored to our needs with a web browser user interface. Written in PHP, it is accessible through
any browser, whether through the internet or a Local Area Network (LAN), enabling all authorized users with web
access to consult and eventually input new data from any location, however remote. In the case of the lack of any
connection, an offline mode can be set up with a centralized memory (hard disk) and a Wi-Fi LAN, enabling a
workgroup to operate in an isolated manner and to download all acquired data once internet could be accessed again or
back at base directly on the dedicated server. This system was an ideal match to the envisioned GIS that could also be
tailored to combine eventual geospatial data stored in the database with the elements represented in the digital
cartography. The chosen tool was Quantum GIS (or QGIS) which is fast becoming a standard in the field of opensource GIS. At this point what needed to be done was the transformation of the chosen cartography (Harim-e Yek plan)
from its original CAD format into a QGIS readable format. This was achieved by transforming every single element of
the map into the dxf export format and then within QGIS itself into the industry standard shp format. This operation
proved more difficult than expected since the elements on the original map had not been constructed appropriately:
single segments of “polylines” belonging to one typology of object (e.g. roads, canals, electrical lines, etc.) were not
connected to each other and various other objects, such as datum points, elevation points and geophysical sounding
images appeared to be either embedded inside the CAD file or retrievable through external attributes, which were not
available, not to consider the lack of the original Persian fonts for all writings. These problems required a long time to
be fixed (not unlike the full digitization of a paper map into digital format). Once all these issues were fixed, it was
possible to finally transfer the Harim-e Yek map into QGIS. However, this process was time-consuming so the results
were only to be seen starting from the 2011 campaign (the 2010 campaign was limited to diagnostic studies). At this
point, it was possible to populate the new map with new objects representing the activities that were being carried out
throughout the territory surrounding Persepolis, in particular in Tol-e Ajori and Firuzi 5.

Fig. 7 - Tol-e Ajori and Firuzi 5 as seen through the QGIS user interface – final excavation phase 2015.
Great attention was placed in the insertion of all images regarding past and ongoing geophysical investigations
throughout this territory. During the campaigns carried out from 2012 to 2015, the main activity concerning the
implementation of the GIS system has been the gathering of data, both from the ongoing field activities and from past
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surveys carried out within the Harim-e Yek premises but also throughout the Marvdasht plain. In fact, one of the
possible objectives of future activities in the assemblage and rationalization of all data concerning archaeological
emergences throughout this area is the review of all historic and past work carried out here. As an example, particularly
interesting is the survey carried out by William Sumner during the 1960s that have inspired us to resume such
observations. One task that is only now being envisioned is the gathering of all past cartography and aerial photography
in order to diachronically observe the territory and spot known sites and possibly yet uncovered ones. The use of past
material is not just a matter of sterile scientific curiosity. It enables to observe this territory as it was before the intense
land-use occurred in the past few years, and possibly spot areas that can still be saved. Other than being scientifically
valuable, this approach is important for the administration in order to guide the decision making processes we have so
strongly stressed throughout this report. In this respect, the GIS system under development will certainly be a useful, if
not decisive, tool and, while there are still a number of issues that must be addressed (e.g. keeping the base cartography
up to date and assessing its validity), we can foresee a greater integration and analysis of data through the tools and
methodologies described here.
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The Archaeological Relational Database
Julian Bogdani and Luca Colliva
The online relational database system used by the Iranian-Italian Joint Archaeological Mission in Fars to store and
organise all archaeological data collected during the field and study campaigns was conceived and realised in 2007. The
information system was built with a larger framework in mind: the to be database system should constitute a common
platform for different research projects active in Asia, capable to collect and link research data and analysis, providing a
unified descriptive structure and a simplified querying system. Ten years later, the database system is still the main core
of the information system of the Fars project and other important international projects in Asia.
[LC, JB]
Structure of the Database1
The database is subdivided into seven forms connected to each other:
A.
B.
C.
D.
E.
F.
G.

Site
Complex
Stratigraphic Unit
Object
Samples
Collection
Files

All forms are designed to permit including as many data as possible, although it is not compulsory to fill out all the
available fields.
To minimize compiling times and input errors, the forms include as many drop-down menus as possible; additionally,
this system permits a greater standardization of the forms.
The "SITE" form (Fig. 8) allows collecting data related to the investigated sites, during both survey and excavation, and
includes fields for storing a preliminary description of the site, together with topographic and chronological data. This
form can also include data regarding collected archaeological materials, iconography and restoration work.

1 - The original nucleus of the database currently used by the Iranian-Italian Joint Archaeological Mission in Fars was created in
2007 within the Paikuli Project, directed by prof. Carlo G. Cereti and realized by IsIAO, Italian Institute for Africa and the East, on
behalf of the Italian MAECI Task Force Iraq.
Archaeologist Barbara Faticoni, responsible for the archaeological sector of the Paikuli Project, and the present writer proposed the
creation of a relational database capable of collecting and linking research data from excavation and survey activities, together with
those from studies and analyses of archaeological materials.
According to the proponent’s idea, the project was developed with the active support of the main IsIAO archaeological missions in
Asia; indeed, the database aspired to become a common platform in which the different missions of the Institute could exchange and
compare data, still respecting their specific needs and necessities.
In addition to the project proposers, the creation of the various database saw the participation, in alphabetical order, of Pierfrancesco
Callieri, Carlo G. Cereti, Anna Filigenzi, Maria Vittoria Fontana, Marco Galuppi, Roberta Giunta, Luca Maria Olivieri, Fabrizio
Sinisi and Gianfilippo Terribili.
The platform was developed by Julian Bogdani who had already developed advanced skills experience in the design and creation of
archaeological databases other than a long lasting collaboration with the proponents. He proposed to build the database as an online
tool, a solution that allows the simultaneous access to the database of all members of a mission, both in Iran and abroad, guaranteeing
not only a constant access to the data but also the possibility of multiple concurrent activities of cataloguing and study.
Ten years after conceiving the project, despite the sudden closure of IsIAO resulting in the migration of all its archaeological
missions to some of the main Italian universities, we can say that our purposes have been achieved, at least partly. To date, in
addition to the Iranian-Italian Joint Archaeological Mission in Fars, the first to adopt and implement the database, similar databases
developed from that original nucleus are currently used by MAIKI - Italian Archaeological Mission in Iraqi Kurdistan of Sapienza
University of Rome and the Italian Archaeological Mission in Pakistan of the ISMEO.
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Fig. 8 - The SITE form.
The "COMPLEX" form (Fig. 9) collects data on the subunits identified on each site, be they special structures needing a
form, areas of the site with distinguishing features or excavation trenches. Even in this case, it is possible to include
topographic, historical or iconographic data together with a brief description of the complex.

Fig. 9 - The COMPLEX form.
The "SU" or "Stratigraphic Unit" form (Fig. 10) collects data on the stratigraphic units identified during the excavation.
The form is based on the standards proposed by the Italian Ministry of Cultural Heritage and Tourism - MIBACT and is
articulated into "Stratigraphic Unit" or "SU", "Structural Stratigraphic Unit" or "SSU" and "Negative Stratigraphic
Unit" or "NSU". It is possible to enter the form with data relating to the description of the stratigraphic unit, its position,
composition and conservation, together with those regarding its stratigraphic relationships, both physical and
chronological.
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Fig. 10 - The SU form.
The "OBJECT" form (Fig. 11) collects data on a single object. It is possible to insert data both on objects from
excavation and museum collections; the fields are designed to provide a complete description of the studied object (i.e.
materials, working techniques, etc.) together with information on its cultural horizon and chronology. The presence of
inscriptions, mason marks or technical devices (i.e. tenons or sockets) can also be recorded together with data and
results of any analysis or restoration interventions.
The Iranian-Italian Joint Archaeological Mission devoted particular attention to the study of the ceramic materials hence
the “OBJECT” form includes fields for a complete description of the shape, decorations and fabric of the recorded
sherds.

Fig. 11 - The OBJECT form.
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The "SAMPLES" form (Fig. 12) allows to record data regarding samples of materials (i.e. soil, bones, charcoal, etc.)
collected for sampling and analysis, together with data on any analysis. carried out on the recorded samples.

Fig. 12 - The SAMPLES form.
The "COLLECTION" form gathers administrative and geographic data related to the storing of the studied objects.
Finally, the "FILES" form (Fig. 13) collects metadata regarding the graphic (i.e. photos, drawings, etc.) and textual
documentation related to the materials entered in the previous forms; it is possible to connect images and files to any
form of the database.
Moreover the relational database system allows linking together different forms so that each compiled form will show
all the other forms linked to it: for instance, a Site form will show a direct link with all its Complexes, all the
Stratigraphic Units identified in these Complexes and all the Objects found in these Stratigraphic Units.

Fig. 13 - The FILES form.
The Database incorporates an advanced search system (Fig. 14) that allows not only to look for individual words or
sentences but also to search multiple data combination in different fields of the form thanks to the numerous available
search options.
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Fig. 14 - The advanced search system.
(L.C.)
Software and Technical Data
The database managing system is entirely network based; this means that multiple users can work simultaneously on the
data, keeping all actions in sync. No software is needed to access and work with the database; a modern web browser is
the only required tool for the user to start working. This means that the database can be accessed and used with any
operating system and from any device (Fig. 15). Recently mobile device support has been added, to permit a
comfortable use from tablets and smartphones.

Fig. 15 - The database operating on Google Chrome web browser.
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BraDypUS2 is normally available as a SaaS (software as a service) platform, all databases being available on the
internet at http://db.bradypus.net3. Each research project has an own user list, authorized to access the data on different
levels (see below)4. This feature provides very detailed control over who can access data and how this access is
performed.
However, it happens often with archaeological projects to work for a limited time (the duration of an excavation
campaign, for instance) in places where no internet connection is available. To fulfil this need, BraDypUS databases are
made available also in offline mode. The user is supplied with a very easy to use (one-click install procedure) bundle,
which is an exact copy of the online version that can be run on a personal computer or notebook5 acting as a terminal
client or a server on a local area network. Creating a simple local network (wired, Wi-Fi or both) permits the
simultaneous use of the database by all connected users, a perfect mimic of the online database.
For the time of the offline usage, the online copy can be “frozen”, a special mode that grants read-only access to all
registered users, but prevents any editing or new insertion that would create serious synchronisation issues with the
offline copy. Once the offline work is finished a simple and automatic synchronisation operation can be performed to
push local (offline) data to the main online repository.
The protection of the data is an important issue, which has been addressed creating different user profiles. Each
BraDypUS database has an own list of users, structured as follows:
Suspended (waiting status) users. Anyone can apply for a user account to the database, supplying their name,
email address and a password. An administrator will then evaluate the request to approve or reject it.
Meanwhile, these users will have a waiting status that grants no access to the database.
Read only users can read and perform any query to all data but can perform no edit or new insertion. This
profile is usually suitable to external collaborators, students, etc., that need to visualize and analyse the data,
but should not be allowed to change anything.
Read and write own records is a special user profile that grants full access in read mode to the entire
database, permits the insertion of new records and their editing, but does not permit editing or deleting records
added by others. This user profile is suitable for data-entry actions, for instance when students or collaborators
are invited to contribute by adding data and maintaining their data up-to-date, but should not be allowed to
make any change to data entered by other users.
Read and write users have full access to the entire database. They can perform any query and edit or delete
any record in any available table.
Administrators inherit all access privileges of read and write users and also have access to special
maintenance and configuration operations, like editing the vocabularies, managing users (upgrading and
downgrading user privileges), changing all database and table configuration settings, etc.
Super-administrators inherit administrator privileges and have access to special functions related to the
development and network management. Only highly technically trained users can be trusted to become superadministrators.
To obtain granular privileges, each record is automatically signed by the system with the identity of the user who
created it.
Administrators can easily (on click procedure) perform full backups of the available data and download and save to a
secure location the backup files. In the same easy way, older backups can be easily restored to replace existing data.
This is a delicate task, because involves the entire database data and can be performed only by administrators.
Available data can be exported in few clicks in other open formats (Fig. 16). The following formats are currently
available (other can be added on demand):
1.
2.
3.
4.
5.
6.

JSON (JavaScript Notation Object, http://www.json.org/)
Microsoft Excel (XLS)
SQL (Structured Query Language, Insert queries; https://it.wikipedia.org/wiki/Structured_Query_Language)
CSV (Comma separated values, https://it.wikipedia.org/wiki/Comma-separated_values)
HTML table
XML (Extensible Narkup Language, https://it.wikipedia.org/wiki/XML)

2 - BraDypUS system was conceived in 2006 in the context of the didactic workshops on archaeological documentation at the
Bologna University. At a first stage the software was called BDUS, acronym for Banca Dati Unità Stratigrafiche (Database for
Archaeological Contexts). In 2008 the camel-case BraDypUS codename was adopted, with a clear reference - in the uppercase letters
- to the original name.
3 - Recently the database is being served over secure connection (SSL, Secure Sockets Layer) in order to provide a higher level of
security.
4 - Typically a user can be a super-administrator, an administrator, a read&write user, a user who can insert new data and edit only
the data he inserted, a read only user and, finally, registered users that are still waiting to be approved by an administrator; these do
not have any access on the data. Administrators (and super-administrators) can change in any time the access profile of each user.
5 - The main operating systems are supported: Windows, Mac OS and Linux.
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Fig. 16 - The database exportation procedure.
The database managing system integrates tools to easily build graphs and diagrams, visualise and graphically analyse
complex data. Directed graphs - Harris’ Matrix diagrams - can be used to visualize stratigraphical relationships of
layers, and bar charts can be of great help in analysing big amounts of data, like pottery findings.
Finally, the web database user interface is intended to be available in different languages. At present Italian and English
are fully implemented, and other languages can be easily added.
BraDypUS database system is currently being used by several international projects, dealing with different
chronological and cultural milieux, not only to record excavation information, but also to handle archive and museum
data. The database can be linked to web portals aimed at promoting and disseminating Cultural Heritage 6 or to more
complex web-GIS platform to obtain real time built maps or advanced thematic atlases 7. By a precise will, ethical and
methodological decision only open source software and libraries have been used and the database system itself is
released with an open source (MIT) license.
(J.B.)

6 - See, for example, J. Bogdani, Un archivio digitale multidisciplinare per la gestione e la conservazione di un patrimonio culturale a
rischio: il progetto Ghazni (Afghanistan). ARCHEOFOSS. Free, Libre and Open Source Software e Open Format nei processi di
ricerca archeologica. Atti del IX Workshop (Verona, 19-20 giugno 2014) eds P. Basso, A. Caravale and P. Grossi (Archeologia e
Calcolatori,
Supplemento
8),
Sesto
Fiorentino
2016,
pp.
236-245,
available
at
http://www.progettocaere.rm.cnr.it/databasegestione/open_block_pages_sup.asp?IDyear=2016-01-01.
7 - J. Bogdani, The archaeological Atlas of Coptic Literature. A question of method. Vicino Oriente XXI, 2017, pp. 59-69.
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3
Diagnostic and conservation on the Persepolis Terrace
3.1
Preliminary diagnostic study of the stone on the Persepolis Terrace, 20088
Giolj Francesco Guidi, Shahram Rahbar, Saeid Rahmati, Reza Sheikholeslami,
Maryam Soleimani, Giorgio Trojsi and Azam Zareʿ
Introduction
A methodological update for conservation work at Persepolis and its surroundings was achieved by means of
documentation and creation of a database, and carrying out chemico-physical, biological and mineralogical analyses on
the present state of conservation degree of the stone materials.
In particular, the diagnostic activities of the 2008 campaign comprised of three phases:
1.
2.
3.

Survey on the state of conservation of stone materials;
Identification of stone quarries in the Marvdasht Plain;
Sampling and biological, mineralogical and chemico-physical analyses.

1 - Survey on the state of conservation of stone materials
A first survey, carried out during the campaign conducted from September 28 through October 10, 2008, has allowed
recognizing the different stone materials used for the construction of the palatial complex of Persepolis. Besides, it has
evidenced stones alteration phenomena, due to both biological attacks and salt deposits.
All stone materials, once exposed to the atmospheric agents, present phenomena of alteration. Such phenomena have
been classified, independently from their causes, according to the Recommendation Normal 1/85, published in Rome on
account of the Italian National Research Council (CNR) and the Central Institute for Restoration (ICR).
As of the stone materials of Persepolis, they present, on the whole, diffused problems of alteration represented by:
-

Disaggregation, granular disaggregation, crumbling;
Exfoliation;
Scaling;
Cracking;
Detachment;
Deformation by compression;
Biological infestation.

The first survey on the field included the census of the stone materials employed in the construction of the Persepolis
complex. This was followed by a sampling phase, carried out according to the Recommendation Normal (3/80; 14/83),
during which 25 samples of stone materials have been chosen in relationship to the different type of degrade.
Tab. 1 shows the list of the samples that are analysed in the following sections of this report.

8 - See also G.F. Guidi, Sh. Rahbar, S. Rahmati, R. Sheikholeslami, M. Soleimani, G. Trojsi and A. Zareʿ, Diagnostic Survey of
Persepolis Terrace. Preliminary Results, DARIOSH Studies II. Persepolis and its Settlements: Territorial System and Ideology in the
Achaemenid State, eds G.P. Basello and A.V. Rossi (Università degli Studi di Napoli L'Orientale, Departimento Asia, Africa e
Mediterraneo, Series minor, LXXVIII), Napoli 2012, pp. 387-402.
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Sample

Position on map

2

Terrace Stairway - Foundation

6
8

Gate of Xerxes – 2nd Left Column
Unfinished Gate - 1st Left Column

9

Unfinished Gate - Left Corner

10
17
18
22

Hundred Column Hall
Tachara
Hadish
Tachara

23

Tachara

NW

Grey stone – scaling

24-27
28-29
30
31-33

Hundred Column Hall
Hadish
Apadana
Apadana
S Terrace wall with the inscription of
Darius I
Tripylon - Central Palace

N
NE
NW
NE

Scaling on grey stone
Scaling on grey stone
Scaling on grey stone
Scaling on grey stone

S

Scaling on grey stone

34-35
36-39

Direction General description
Presence of scaling, laminar cracking and
NW
phenomena of deformation by compression
Presence of scaling and cracking
NW
Totally fragmented
Green cracked stone and presence of some
NE
lichens
NE
Presence of calcination phenomena
NE
Black stone
NE
Grey stone -scaling
NE
Black stone - scaling

NE

Scaling on dark grey stone

Tab. 1 - Description of the sampling phase on Persepolis9.

N

Fig. 17 - The location of the studied areas on Persepolis map (after Schmidt 1953).
9 - The location of the sampled areas is shown in Fig. 17.

25

G.F. Guidi, Sh. Rahbar, S. Rahmati, R. Sheikholeslami, M. Soleimani, G. Trojsi and A. Zareʿ
2 - Identification of stone quarries in the Marvdasht Plain
Since the geological survey (Zareʿ 2004), carried out on the quarries present in the Marvdasht plain (Fig. 18), many
geological samples were collected to be compared with the different stones present in the Persepolis complex. The
methodology was based on the petrographic observations of the thin sections of samples, which had been taken from
stones of the Kuh-e Majdabad, Kuh-e Rahmat, Kuh-e Hossein, Kuh-e Gondashlu, and Sivand quarries.

Fig. 18 - Localisation of stone quarries in the Marvdasht Plain (after Zareʿ 2004).

The results of these observations allowed to distinguish the peculiar characteristics of the stone materials used at
Persepolis, other than identifying the more effective materials for the restoration of the monuments present in this
archaeological site.
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2.1 - Kuh-e Majdabad quarry
The rock is characterized by parallel stratifications with layers of good power (Fig. 19). Along the plans of deposition,
the rock presents well defined cracking that, on the one hand, makes easy the extraction, but on the other hand causes
the recognizable phenomena of alteration in the materials put in work.
Name of mountain: Kuh-e Majdabad
Name of Achaemenid quarry: Majdabad
Name of formation: Sarvak & Ilam
Period: Cretaceous
Lithology: massive to well bedded, dark grey to black limestone and clay silicified limestone. Original colour: dark
grey to black (Fig. 20a)
Weathering colour: dark grey
Fossiles: globigerinelloides sp., hedenbergilla sp., globotruncana primitiva, globotruncana renzi, globotruncana
concavata, globotruncana sigali, bigenerina sp., oligosteginids, spicules, calci sphaerula innominata lata, radiolaria
(Fig. 20b).

Fig. 19 - The Kuh-e Majdabad quarry.

Fig. 20a - Sample from the Kuh-e Majdabad quarry.

Fig. 20b - Thin section micrograph (N//,40X).
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2.2 - Kuh-e Sivand quarry
Also in the Kuh-e Sivand quarry, the rock shows phenomena of alteration mainly connected to the presence of diffused
parallel laminations and superficial scaling typical of her lithology.
Name of mountain: Kuh-e Sivand
Name of Achaemenid quarry: Sivand (Fig. 21)
Name of formation: Sarvak
Period: Cretaceous
Lithology: limestone, travertine, marly limestone, microcrystalline limestone, pelsparite
Original colour: bright cream to white (Fig. 22a)
Weathering colour surface: Cream
Fossiles: shell fragments, macrofossiles, pelsparite (Fig. 22b).

Fig. 21 - The Sivand quarry.

Fig. 22a - Sample from the Sivand quarry.

Fig. 22b - Thin section micrograph (N//, 40X).
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2.3 - Kuh-e Rahmat quarry
Also in this case, the rock is compact but interested by evident sub-parallel cracking that has made easy the extraction
and the following workmanship but, at the same time, represents an evident problem for the conservation of the worked
stone.
Name of mountain: Kuh-e Rahmat or Mehr
Name of achaemenid quarriy: Rahmat (Fig. 23)
Name of formation: Dariyan
Period: Cretaceous
Lithology: silicified argillaceous limestone in lower portion, limestones
Original colour: grey (Fig. 24a)
Weathering colour surface: bright grey
Fossiles: orbitolina sp, orbitolina lenticularis, orbitolina conoidea, orbitolina discoidea, textularia, crinoids,
gastropoda, shell, ammobaculites sp. (Fig. 24b).

Fig. 23 - The Kuh-e Rahmat quarry.

Fig. 24a - Sample from the Kuh-e Rahmat quarry.

Fig. 24b - Thin section micrograph (N//, 40X).
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2.4 - Kuh-e Hossein quarry
The rock is compact with evident sub-parallel cracking that has made easy the extraction and the following
workmanship but presents evident problems for the conservation of the worked stone.
Name of mountain: Kuh-e Hossein
Name of Achaemenid quarry: Hossein (Fig. 25)
Name of formation: Sarvak
Period: Cretaceous
Lithology: limestone, argillaceous limestone, marl and shale
Original colour: grey (Fig. 26)
Weathering colour surface: bright grey
Fossiles: orbitolina sp., inoceramus, laevicardium sp., exogyra columba, orbitolina birmanica, orbitolina dinarica,
trocholina lenticularis, orbitolina raoi, orbitolina concoidea, orbitolina discoidea, chrysalidina gradata,
cylindroporella sp., pseudolituonella reicheli, praealveolina cretacea, murgeina apula, choffotella sp., cuneolina sp.,
textularia sp., gastropoda.

Fig. 25 - The Kuh-e Hossein quarry.

Fig. 26 - Sample of the Kuh-e Hossein quarry.
30

Preliminary diagnostic study
2.5 - Kuh-e Gondashlu quarry
The rock is compact with evident sub-parallel cracking that has made easy the extraction and the following
workmanship but present evident problems for the conservation of the worked stone.
Name of mountain: Kuh-e Gondashlu
Name of Achaemenid quarry: Gondashlu (Fig. 27)
Name of formation: Tarbor
Period: Cretaceous
Lithology: massive, grey to white, feature forming limestone
Original colour: bright cream to white (Fig. 28)
Weathering colour surface: grey to white, cream
Fossiles: rodist debris, siderolites calcitrapoides, lepidorbitoides sp., operculina sp., elphidiella sp., echinoid spine,
shell fragments.

Fig. 27 - The Kuh-e Gondashlu quarry.

Fig. 28 - Sample of the Kuh-e Gondashlu quarry.
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On the basis of the geological survey carried out directly on the different quarries present in the Marvdasht plain, and
the lithological characteristics, it can be stated that only two types of stone have been used in Persepolis.
The first type is a lightly marly bioclastic limestone of light grey colour with fossils of the Middle Cretaceous period.
The second is a very marly limestone of dark grey, almost black colour, that is more compact and has a finer grain, with
fossils of the Upper Cretaceous period. Both of them are harder and flake more easily, being thus more difficult to work
than the white stone of Pasargadae. The light grey limestone was taken from quarries not far from the terrace of
Persepolis as well as from the north-western corner of the Terrace itself and other places somewhat further away in the
mountains around the plain of Marvdasht. The dark limestone comes from Majdabad, a place approximately 40 Km to
the west of Persepolis (Tilia 1968; Zareʿ 2004).

3 - Sampling, analyses and results
The stone materials employed in the construction of the Persepolis complex belong to two geological units and were
formed in the Cretaceous period. 25 samples of stone materials have been chosen considering their lithological
characteristics and in relationship to the different type of degrade according to the Recommendation Normal (3/80;
14/83).
Samples nos. 09, 17, 18, 21, 22, 23 and 24 were prepared for thin sections.
All the samples were then ground, homogenized and separated into aliquots for biological and X-ray diffraction
analyses.

3.1 - Biological observations
The biological infestation (Nimis et al. 2006), mainly restricted to some surfaces exposed to the North, are related to the
presence of:
-

red lichens: Caloplaca sp. (fam. Teloschistaceae) - Crustose lichens with yellow, orange or red thallus.
Epilithic and Epiphytic, very frequent on calcareous and siliceous rocks (Fig. 29);
white lichens: Lecanora sp. (fam. Lecanoraceae) - Crustose lichens with white, pale white and sometimes
pale green thallus. Epilithic and Epiphytic, frequent on neuter and siliceous rocks;
green lichens: Rhizocarpon sp. (fam. Rhizocarpaceae) - Crustose lichens with yellow-green thallus.
Epilithic, frequent and widespread.

Fig. 29 - Red lichens.
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3.2

- Petrographic observations

Thin sections, prepared according to the standard methodology (Moreland 1968; Hutchison 1974) have been observed
through a light polarized microscope Nikon Eclipse E 400 (Zezza 1996; Adams et al. 1984). Under the microscope, the
samples show the following general features:
Sample 09
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Bio-pel-micrite
Mud-supported with calcitic cement
Low
Fragments of: planctonic foraminiferous (textularides). Some samples present
substitution of the inside structure with crystals of calcite, ostracodes, pellets and
micritic ooids. The latter is recovered in the levels richest in micritic mud. Presence of
iron oxides
Calcitic and micritic cement
Macroscopically, the rock presents sub-parallel laminations that result more markedly
as alternation of micritic levels to levels with crystals of spatic calcite. The rock is
crossed by a series of sub-parallel fractures filled by spatic calcite

Fig. 30 - Sample 9. Thin section micrograph (N//, 40X).

Sample 17
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Calcarenite or Oo-pel-sparite
Wheat-supported with calcitic cement
Middle-low
Fragments of: hulls of bivalve, foraminiferous, algas, ooids, pellets
Scarce calcitic and micritic cement of brown colour probably due to the dispersion of
iron oxides (haematite)
The rock is crossed by some open microfractures
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Fig. 31 - Sample 17. Thin section micrograph (N//, 40X).
Sample 18
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Calcarenite o Oo-pel-sparite
Wheat-supported with calcitic cement
Medium
Fragments of: hulls of bivalve, foraminiferous, algas, ooids, pellets
Scarce calcitic and micritic cement of brown colour probably due to the dispersion of
iron oxides (haematite)
The rock is crossed by numerous fractures of discontinuity to probable laminations.
Some fractures are open, others present fillings of iron oxides

Fig. 32 - Sample 18. Thin section micrograph (N//, 40X).
34

Preliminary diagnostic study
Sample 21
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Calcarenite or Bio-pel-sparite
Wheat-supported with calcitic cement
High
Fragments of: foraminiferous, pellets. The structure of such microfossiles is little
visible because the sediment has been affected by diagenesis
Calcitic and micritic cement
Glomeris of iron oxides are present. The rock is strongly diagenized

Fig. 33 - Sample 21. Thin section micrograph (N//, 40X).

Sample 22
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Calcarenite or Oo-pel-sparite
Wheat-supported with calcitic cement
Scarce
Fragments of: foraminiferous, hulls of bivalve, algas, ooides, pellets
Scarce calcitic and micritic cement of brown colour for probable dispersion of iron
oxides (haematite)
The rock is crossed by rare thin veins of spatic calcite
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Fig. 34 - Sample 22. Thin section micrograph (N//, 40X).
Sample 23
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Bio-pel-sparite
Wheat-supported with calcitic cement
Scarce
Numerous fragments of: foraminiferous (orbitolines, textularides), algas, pellets,
lamellibranchs, echinoids.
Scarce calcitic and sparitic cement of brownish colour probably due to the dispersion of
iron oxides (haematite)
In some areas the spatic calcite has greater dimensions in comparison to the rest of the
sample. Concentrations and veins of iron oxides are also present

Fig. 35 - Sample 23. Thin section micrograph (N//, 40X).
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Sample 24
Rock
Classification (Folk 1959)
Textural
Porosity
Allochemical
Cement
Descriptions

Sedimentary
Calcarenite or Bio-pel-sparite
Wheat-supported with calcitic cement
Scarce
Fragments of: foraminiferous, algas, pellets. The structure is partly obliterated by the
presence of spatic calcite of substitution
Calcitic and micritic cement
The rock is weakly diagenized

Fig. 36 - Sample 24. Thin section micrograph (N//, 40X).

3.3 - X-ray diffraction
X-ray diffractometry of homogenized and powdered samples was performed using a Rigaku MiniFlex II diffractometer.
The experimental conditions were as follows: Co-K radiation at 15 mA, 35 kV. Spectra were collected in the 5-100 2
range with 3600 seconds. Crystalline phases were identified by comparison with JCPDS cards (Klug & Alexander
1954; Bonissoni & Ricci Bitti 1988; JCPDS 1990).
The X-ray diffraction results are shown in Tab. 2.
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Sample
2
6
8
9
10
17
18
22
23
24-27
28-29
30
31-33
34-35
36-39

Position on map
Terrace Stairway - Foundation
Gate of Xerxes - 2nd Left Column
Unfinished Gate - 1st Left Column
Unfinished Gate - Left Corner
Hundred Column Hall
Tachara or Palace of Darius I
Palace of Xerxes
Tachara or Palace of Darius I
Tachara or Palace of Darius I
Hundred Column Hall
Palace of Xerxes
Apadana
Apadana
Foundation - Inscription of Darius I
Tripylon - Central Palace

Mineralogical phases*
Calcite, Quartz
Calcite
Calcite
Calcite
CaO
Calcite, Gypsum, Haematite
Calcite, Quartz, Gypsum, Haematite
Calcite, Haematite
Calcite
Calcite
Calcite, Quartz, Gypsum,
Calcite
Calcite
Calcite, Gypsum
Calcite

Tab. 2 - Description of the XRD results.
* Calcite prevalent, Quartz and Gypsum secondary, Haematite rare

On the basis of the analytical results, it can be affirmed that:
-

from a lithological point of view, all rocks used at Persepolis, are limestones and clay silicified limestones
(sedimentary rocks largely composed by Calcite);
Quartz, as secondary phase, is present in some thin vein of the rock extracted from the Majdabad quarry;
Haematite, as confirmed by thin section observations, is present as impurities in the calcitic and micritic
cement;
the presence of Gypsum, even though sporadic, is attributed to the alteration-transformation of the calcite. At
the moment, we cannot determine to what extent the reaction is connected to atmospheric pollution
phenomena.

Conclusions
As per the first recognition on the field, the stone materials used for the realization of the monumental complex of
Persepolis results largely affected by diffused problems of maintenance, mainly connected with the following types of
degrade:
1. The biological infestation is linked to the contemporary presence of red lichens, white lichens, and green lichens.
At any rate, the presence of colonies of lichens does not justify the type of alteration found on the stone, which,
therefore, has other origins;
2. The presence of phenomena of calcination in some columns can be due to the exposure to temperatures above 850
°C, probably consequent to the Alexander’s fire, that had determined the chemical decomposition of the calcite;
3. The alteration of the stones is characterized by diffused phenomena of scaling due to their lithological
characteristics, which are manifested along the plans of sedimentation (Figs 37-38).
In general, it was the experience of the ancient builders that allowed the correct use of the stones. While working
the material, they considered not only its aesthetical qualities but also its mechanical qualities and hardness.
Furthermore, to install a worked stone, they had to keep in mind its correct orientation according to the weaving
observed on the extracted stones. In the case of sedimentary rocks with a well defined plain of sedimentation, as
those used in the construction of the monumental complex of Persepolis, these have to be laid so that the efforts of
compression that they had to support, also in operation of their weight, was perpendicularly applied to the plans
themselves. Cracking would have occurred that would have possibly determined the separation of fragments of
large dimensions;
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Fig. 37 - Scaling.

Fig. 38 - Scaling.

4. Scaling, with the fall of fragments of large dimensions, also follows the thermal expansion of the stones, while
fragmentation is caused by the compression of large stones on the underlying plinths (Fig. 39).
The stones used at Persepolis are characterized by parallel stratifications, with layers of good power, present along
the plans of deposition, that also show phenomena of alteration mainly connected to the presence of diffused parallel
laminations, scaling and loss of microcrystalline cement typical of their lithology. These characteristics, on the one
hand, make easy the extraction but, on the other hand, clearly represent the recognizable cause of the bad
conservation of the worked stones.
5. When the deterioration of the stone material is very advanced, the possibility of its consolidation is very scarce.
Hence a substitution is often necessary, particularly when the damaged parts are submitted to compression. The
substitution can also be suggested for those parts that, albeit not directly linked to the structure, jeopardize the
functionality
of
the
manufactured
(Lazzarini
and
Laurenzi
Tabasso
1986).
In these cases the criteria generally adopted in choosing and putting in work the substitutive materials are:
the identity or strong similarity with the original lithotypes, as regards colour, texture and porosity;
the distinction of the parts replaced with opportune superficial workmanship, keeping in mind the
morphological characteristics of the manufactured article, and of those lithologic of the material.
6. The present study, currently in progress, constitutes the preliminary phase of a larger research that aim to:
Collect climatic and microclimatic data (in each season) in order to determine the possible influence of the
atmospheric pollution on the state of conservation of the stones of Persepolis, keeping in mind the strong industrial
development of the area where cement factory and oil industry are active. The parameters measured will be the most
critical for conservation of the cultural heritage, such as sulphur dioxide, nitric oxides, carbon monoxide, oxone and
suspended
particulate;
Realize a database of the photographic documentation to date existing, with the purpose of verifying the
changes and the alterations suffered by the monuments during the time, also in consideration of the increased
touristic
flow;
Study the archaeological artefacts through the application of chemico-physical and mineralogical analyses,
also using portable instruments.

39

G.F. Guidi, Sh. Rahbar, S. Rahmati, R. Sheikholeslami, M. Soleimani, G. Trojsi and A. Zareʿ

Fig. 39 - Gate of All Lands.
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3.2
Analyses on Stone Samples from Persepolis
and on Their Alteration Products
Marisa Laurenzi Tabasso and Lorenzo Lazzarini
On the occasion of a first mission to Persepolis (26th November - 1st December 2010), Prof. Marisa Laurenzi Tabasso
collected a limited number of samples (see Tab. 3) that were analysed by the Laboratorio Materiali Antichi (LAMA),
IUAV, University of Venice.

Sample
no.

Place of sampling

Description

Aim of the
analysis

Analytical
techniques

1

Hadish Palace,
never restored
window

Thin layers spontaneously detached
from a vertical surface

Analysis of clay
minerals to study
the exfoliation
mechanism

XRD

2

External surface of
the W revetment
wall, S stretch

Chips spontaneously detached

Analysis of clay
minerals to study
the chipping
mechanism

XRD

3

N staircase of the
Tripylon

White efflorescence

Analysis of water
soluble salts

XRD, IC

100 Column Hall

White layer (patina?) sticking to the
stone surface

Characterisation
of both inorganic
and organic (?)
components

XRD, FTIR

5

100 Column Hall

Yellowish/pinkish encrustation on the
white layer

Characterisation
of both inorganic
and organic (?)
components

XRD, FTIR

6

100 Column Hall,
N porch

Encrustation (or salt
efflorescence?)from the cemented joint
of two modern blocks

Characterisation
of the inorganic
components

XRD, IC

4

Tab. 3 - Samples collected on 26th November - 1st December 2010.

This first set of analyses was mostly aimed at knowing the mineralogical and chemical characteristics of the stones,
which could be relevant for the observed deterioration of many monuments (namely the presence of clay minerals and
of water soluble salts).
The experimental results of the X ray Diffraction analysis are given in Tab. 4:
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1
Insoluble residue

+++

±

±

±

+

±

+

+

Illite

Plagioclase

+++

Gypsum

+

K-Mica

Bulk sample

Kaolinite

1

Fluorapatite

no.

Calcite

Sample

Quartz
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1ARG3
Suspension of the
insoluble residue
1MUF
Suspension of the
insoluble residue
after treatment at
550°C

++

2

+

+++

Bulk sample
2

+

Insoluble residue
3

+++

Bulk sample
4

5
Bulk sample
6
Bulk sample

+

±

±

++

++

+

+

±

+++

+++

+

+

+++

+

±

±

+++

Bulk sample

+

±

±

Tab. 4 - Results of XRD analysis.
The presence of K-micas and illite, even if in minor amounts, could be correlated to the chipping and exfoliation
observed on the stone.
The analysis by Fourier Transform Infrared Spectroscopy (FTIR) of sample no. 4 (white layer or patina), only gave
evidence of traces of fatty materials, probably due to fortuitous contamination.
The search for water soluble salts was carried out by Ionic Chromatography according to Italian Standard Doc. UNI
Beni Culturali, n. 11087:2003. Only limited amounts of phosphates and traces of fluorides, chlorides and nitrates were
detected, while sulphates were not measurable. The presence of soluble phosphates could be related to the presence of
fluorapatite in the same samples.
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A second set of samples, collected by Prof. Marisa Laurenzi Tabasso during the mission held on 7th - 12th November
2011, was again entrusted to the Laboratorio Materiali Antichi (LAMA) of the IUAV University, Venice. They are
listed below in Tab. 5, along with the analyses proposed by the same scholar.
Sample
no.
1

Place

Object

Unfinished
Palace

Northeast
capital
(no.1)

Type of surface
Stone with the
yellow-pink
encrustation

Type of
sample
Fragment
already
detached,
probably due
to vandalism

Fig.
no.

Note/Proposed analyses

40

Very compact black stone
Thin and Cross section,
OM and SEM/EDS
Capital already studied in
2010, where Fluorapatite
was found.
XRD, FTIR

Grey patina
formed on the
yellow-pink
encrustation, after
Laser cleaning

Powder

40
and
41

2

“

Capital no.
2, original
surface

3

“

Capital no.
2, original
surface

White layer under
the grey layer

Powder

40
and
41

““
XRD, FTIR

“

Capital no.
2, original
surface

Yellow-pink
encrustation, not
cleaned

Small
fragments
stripped by the
scotch tape

40
and
41

OM and SEM/EDS on
Cross section

Grey layer formed
on the yellow-pink
encrustation, after
Laser cleaning

Powder

40
and
42

When powdered, the
sample appears still
yellow-pink
XRD, FTIR

Area with pitting
and lichens

Small
fragments
already
detached

43

Biological analyses for
lichens classification and
SEM/EDS analysis for the
study of corrosion
products

Whitish area with
pitting and lichens

Powder

44

Area with both the
white and the
yellow-pink layer

Fragment

45

Fracture surface
with the yellowpink encrustation

Fragment

46

Thin and Cross section,
OM and SEM/EDS

47
and
48

Thin and Cross section,
OM and SEM/EDS

47
and
49

Thin and Cross section,
OM and SEM/EDS

3bis

4

“

Eastern
Capital no.
3, toward E,
fracture
surface
Base of the
wall
between the
3rd and the
4th window,
≈30cm from
the ground,
exposed to
the North
North side
of the 3rd
window
Erratic
fragment of
column,
used for
testing
Laser
cleaning
Capital no.
3, as sample
no. 4

5

Hadish
Palace

6

“

7

South
deposit
near
Hadish
Palace

8

Unfinished
Palace

9

Museum
entrance,

Right side
pilaster

Exfoliated area,
dark yellow
surface

10

“

“

“

Fragment still
keeping part of
the original
surface
Fragment
without the
original
surface

Biological analyses for
lichens classification and
XRD analysis
The fracture surface has a
strong red colour (a vein of
Iron oxides?)
Thin and Cross section,
OM and SEM/EDS Thin
and Cross section, OM and
SEM/EDS

Tab. 5 - List of samples collected on the 7th - 12th November 2011.
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Fig. 40 - Unfinished Palace. From left to right: capital no. 1 (North), capital no. 2, capital no. 3 (East).

Fig. 41 - Unfinished Palace, capital no. 2, Samples nos. 2, 3 and 3bis.
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Fig. 42 - Unfinished Palace, capital no. 3, Sample no. 4, in a fracture surface.

Fig. 43 - Hadish Palace, Sample no. 5.
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Fig. 44 - Hadish Palace, powder Sample no. 6.

Fig. 45 - Erratic fragment of column (used to test Laser cleaning) with white layer and
pinkish encrustation. Sample no. 7.
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Fig. 46 - Unfinished Palace, capital no. 3, Sample no. 8, in a fracture surface.

Fig. 47 - Museum entrance, right pilaster, Samples nos. 9 and 10.
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Fig. 48 - Museum entrance, right pilaster, Sample no. 9, original surface.

Fig. 49 - Museum entrance, right pilaster, Sample no. 10, exfoliated area.
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Results of the Laboratory Analyses of the Samples Collected on the 7th and 12th November 2011
The methodologies used in the analyses are the same used for the first set of samples: stereomicroscopy; optical
microscopy in polarized light and in UV light on polished cross sections; optical microscopy in polarized light on thin
sections; XRD (Cu Kα/Ni a 40 Kv, 20 mA); SEM /EDS on polished cross sections; Ionic Chromatography for the qualiand quantitative analysis of water soluble salts. However, some of the analyses proposed in the above list (for example
the production and study of thin sections) have not been carried out since the results obtained by other previous
analyses have pointed out that they were not necessary.
Minero-petrographic and microchemical analyses
The results obtained are described below for each sample.
Sample no. 1
The microscopic study in polarized reflected light of the polished stratigraphic section has shown:
- a fragment of limestone, black due to several carbon particles, subject to many micro-fissures more or less
perpendicular or sloping to the exposed surface; they appear largely filled with a white powdery matter (Fig. 50), very
likely to be calcite of secondary deposition, which in several points derives from a superficial layers as follows:
- whitish/brownish thin layer having an average thickness of 0.06 mm (Fig. 50), containing rare small white aggregates
and extremely thin red-brown particles, which are also often aggregated, with an ochre-like aspect. On the surface,
many black particles, in a line, of probable carbonaceous nature.
Chemical analysis of the stone with SEM-EDS has evidenced in the carbonatic rock the sporadic presence of silicon
resulting from accessory quartz. The same analysis of the thin layer (Fig. 51) has shown that the white powdery matter
is made of calcium carbonate (Figs 52-53); here and there it is tightly mixed with small ochre particle aggregates, likely
to be composed of a magnesium-potassium clay with small quantities of iron. This thin layer has to be interpreted as an
aeolic deposit of local soil dust, finely subdivided and “cemented” by secondary calcite precipitated both on the external
surface and along the micro-fissures.

Fig. 50 - Micrography of polished section of sample no.1, showing the stone with micro-fissures filled with secondary
calcite and the thin superficial layer. 33x.
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Fig. 51 - SEM superficial image of sample no. 2.

Fig. 52 - The area analysed with EDS.
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Fig. 53 - Chemical analysis through EDS of Area A.

Sample no. 2
The microscopic study, as above, of the polished stratigraphic section has evidenced:
- a rock fragment, as above,
- a thin brownish layer having an average thickness of 0.15 mm, as above. This is present also within the rock
discontinuities due to corrosion effects. Here it has a more homogeneous colour (Figs 54-55). In a part it is overlaid by
a thin black deposit (max. th. 0.04 mm) of rounded carbonaceous particles (Fig. 55).
The SEM+EDS analyses of the stone have confirmed the diffuse and abundant presence of carbonaceous matter in the
carbonatic matrix (Figs 57-58), while the analyses of the thin layer in two different spots of the section have both given
similar results as regards the superficial deposit (Figs 57-60) and confirmed the carbonaceous nature of the most
superficial particles.
There were no patinas containing phosphorus, perhaps absent from the small stone sample detached from the capital.
On the contrary, the white powder scratched and analysed through XRD has given the following results (Tab. 4):
CALCITE: very abundant; QUARTZ: abundant; FLUOROAPATITE: very abundant.
This has confirmed the presence of a white layer of bone powder on the surface of the sample.
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Fig. 54 - Micrography of the polished section of sample no. 2, in evidence the surface brownish thin layer (33x).

Fig. 55 – Same as above, in a second spot.
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Fig. 56 - SEM image as in Fig. 54.

Fig. 57 - SEM image as in Fig. 55.
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Fig. 57b - Location of the areas investigated for chemical analyses through EDS.

Fig. 58 - EDS spectrogramme of area A.
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Fig. 59 - EDS spectrogramme of area B.

Fig. 60 - EDS spectrogramme of area C.
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Sample no. 3
The sample, already a powder, was further ground in an agate mortar and then used for X-ray diffraction analysis. The
semi-quantitative analysis of the powder (Tab. 4) has given evidence for:
CALCITE: very abundant; QUARTZ: present; TENORITE (uncertain identification): traces; CHABAZITE: traces.
Sample no. 4
The semi-quantitative diffractometric analyses of the powder (Tab. 4) has given evidence of:
CALCITE: very abundant; QUARTZ: present; TENORITE (uncertain identification): traces; CHABAZITE: traces.
This result is similar to what is observed in sample no. 3.
Sample no. 6
The semiquantitative diffractometric analyses of the powder (Tab. 4) has given evidence of:
CALCITE: very abundant; QUARTZ: present; TENORITE (uncertain identification): traces.
Sample no. 7
The polished stratigraphic section observed under the optical microscope has shown:
- a rock fragment as for samples 1 and 2, but of reddish colour due to the presence of ochraceous deposits; it presents
some micro-fissures perpendicular to the surface, and shows a red-brownish vein with ochraceous deposits on the
fracture surface (Fig. 61, top);
- a superficial patina, whitish and porous, about 0.01 mm thick (Figs 62-63), with black carbonaceous particles (clearly
visible in back-scattered electrons) (Fig. 67). SEM+EDS analysis has evidenced a relevant presence of calcium,
phosphorus and carbon, besides traces of silicon, aluminium and magnesium (Figs 64-67). On the surface, FeOx
particles are also visible (Figs 66-67) whose presence could be accidental.

Fig. 61 - Micrography of the polished section of sample no. 7, in evidence the surface patina.
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Fig. 62 - As above, but the whitish layer is more evident.

Fig. 63 - Same as above but in another spot: the area analysed with SEM in indicated by the letter A and the red frame.
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Fig. 64 - SEM image of the sample with indication of the analysed area.

Fig. 65 - EDS microanalysis of the indicated area.
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Fig. 66 - SEM image of sample no. 7 with indication of the analysed area.

Fig. 67 - EDS chemical analysis of the particle pointed in Fig. 65.
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Sample no. 8
The microscopy study as above of the polished stratigraphic section has shown:
- a rock fragment in all similar to sample no. 2
- a thin yellowish layer, in some parts becoming brownish (Figs 68-69), which also fills the superficial discontinuities of
the stone substrate due to corrosion processes. On SEM+EDS it appears formed only by calcite (Figs 71, 74, 75) and/or
by calcite with traces of the ochraceous clay containing Fe traces, already seen (Figs 70, 72, 73). Also, in this case, the
layer is considered to be a natural deposit.
The semi-quantitative diffractometric analyses of the powder have given evidence of (Tab. 4):
CALCITE: very abundant; QUARTZ: abundant; TENORITE (uncertain identification): traces; CHABAZITE: traces.
Silica is present also as cristobalite.

Fig. 68 - Micrography of the polished section of sample no. 8, in evidence the surface brownish thin layer (33x).
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Fig. 69 - Same as above but in another spot.

Fig. 70 - SEM image of sample no. 8.
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Fig. 71 - Same as above but the thin surface layer is better visible.

Fig. 72 - Selection of the areas for EDS analyses. As above, with stress on the thin surface layer.
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Fig. 73 - Spectrogramme of area A pointed above.

Fig. 74 - A second area A located in the outermost part of the sample.
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Fig. 75 - Spectrogramme of the second area A.

Sample no. 9
The microscopy study as above of the polished stratigraphic section has shown:
- a fragment of stone with brownish colour due to evident oxidization of the carbonaceous component (Fig. 77); the
fragment is rich of micro-fissures, fairly parallel to each other, some of them are open and parallel to the external
surface. This feature is better visible at the SEM (Figs 78-84).
On a portion of this fragment is present:
- the remaining of a brush stroke composed of two interconnected layers (Figs 76, 79-81). The results of
SEM+EDS investigations show the presence of barium sulphate and burnt ochre (magnesium and iron rich
ochre) (Fig. 82); in this layer, a high percentage of phosphorus has been noticed. In order to have a complete
chemical analysis, a surface mapping has been carried out (attached) in order to make the distribution of the
elements better and more clearly visible.
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Fig. 76 - Micrography of the polished section of sample no. 9, showing the micro-fissures, parallel to the external
surface (33x).

Fig. 77 - SEM micrography, in evidence the micro-fissures and the outer layer.
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Fig. 78 - SEM detail image of sample no. 9, showing the very thin surface layer.

Fig. 79 - As above, at higher magnification showing the very thin surface layer.
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Fig. 80 - As above, with the areas selected of EDS analysis.

Fig. 81 - As above, with evidence of the intermediate white layer of barium sulphate and the external ochraceous layer.
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Fig. 82 - EDS analysis of the surface layer with the white crystals.

Fig. 83 - EDS analysis of the surface layer where the white crystals are not present.
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Fig. 84 - SEM image of sample no. 9 where the elemental maps were carried out.

Fig. 85 - Al (aluminium)
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Fig. 86 - Ba (barium)

Fig. 87 - Ca (calcium)
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Fig. 88 - P (phosphorus)

Fig. 89 - Fe (iron)
71

M. Laurenzi Tabasso and L. Lazzarini

Fig. 90 - Si (silicon)

Fig. 91 - S (sulphur)
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The SEM+EDS images were elaborated and standardized (also considering the overlapping of the picks of phosphorus
and gold, used to metallize the sample). The following distribution was obtained:

Fig. 92
Sample no. 10
The microscopy study as above of the polished stratigraphic section has shown:
- a fragment of stone in all similar to that of sample no. 9 (Fig. 93), but here the micro-fissures are frequently
perpendicular to the stone surface and only rarely parallel to it.
The stone surface also shows traces of chemical corrosion:
- traces of a yellowish surface film similar to that observed in the preceding sample, with presence of phosphorus, and
traces of Fe and Ba (Figs 94-96), evidenced through chemical analysis carried out at the SEM/EDS.

Fig. 93 - Polished section of sample no. 10, showing the micro-fissures perpendicular to the surface (33x).
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Fig. 94 - SEM image of the studied surface of the sample no. 10.

Fig. 95 - Selection of the area of the surface studied with EDS analysis.
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Fig. 96 - EDS spectrum of the analysed area.
Sample PERS11: Bone fragment
The sample from the excavation at Persepolis West, Trench Tr. 6, comes from the jaw of a herbivorous animal (Caprid,
Fig. 97); it has been partly ground, and the powder has been analysed by XRD. The diffractogram only shows the picks
of fluoro-apatite, as visible in the attached spectrum.

Fig. 97 - Image of the caprid jaw object of analyses.
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Fig. 98 - XRD spectrum of sample PERS11: only the fluoroapatite (FLP) picks are present.

Sample no.

Calcite

Quartz

F-Apatite

Tenorite

Chabazite

2

++/+++

++

+++

3

+++

+

± (?)

+/±

4

+++

+

± (?)

+/±

6

+++

+

± (?)

8

+++

++

± (?)

11

+++

+++ very abundant;

++ abundant;

+ present;

± traces, (?) dubitative presence.

Tab. 6 - The most relevant results of the XRD analyses
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Selected XRD spectra out of the analysed samples

Fig. 99 - Sample no. 2, the main picks of the most abundant minerals are indicated : (Flp, FluoroApatite; Q, Quartz; C,
Calcite).

Fig. 100 - Sample no. 4, the main picks of the most abundant minerals are indicated (Sbz, Chabazite; Q, Quartz; Tn,
Tenorite; C, Calcite).
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Fig. 101 - Sample no. 6, the main picks of the most abundant minerals are indicated (Q, Quartz; C, Calcite; Lb,
Libethenite).

Fig. 102 - Sample no. 8, the main picks of the most abundant minerals are indicated (CRS, Cristobalite; Q, Quartz; C,
Calcite).
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Biological analyses
Sample no. 5
In the sample, three genera of crustose lichens have been singled out, three of them are epilithic and one endolithic. In
the photo below one can see the fragment of an orange tallum of Caloplaca genus (a lichen with a grey tallum), a
lecanorin apothecium of Lecania erysibe (Arch.) Mudd, and a third lichen with a brownish, sterile tallum which has not
been identified.

Fig. 103 - Caloplaca sp., Lecania erysibe and a not identified lichen with a brownish tallum (stereo 6.5 x).
In the following photo, one can observe the perithecia of an endolithic lichen with a whitish tallum pertaining to the
Verrucaria genus. The pitting produced by the same lichen on the calcareous substrate is visible as well.

Fig. 104 - Endolithic lichen, genus Verrucaria (stereo 16 x).
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This part of the sample has been analysed by SEM, and it has been observed that the Verrucaria sp. lichen produces a
strong decay of the limestone substrate as the perithecia growing inside the stone, once died, leave on the stone surface
numerous holes of an approximately cylindrical shape, blind and near to each other, with diameter and depth ranging
from 5 to 500 μm.

Fig. 105 – SEM micro-photo of the peritecium of
Verrucaria sp.

Fig. 106 - SEM micro-photo of the peritecium of
Verrucaria sp. and of the pitting degradation of the
limestone substrate

Sample no. 6
The sample is a rather fine powder where it was possible to pinpoint a small part of the tallum and some other
morphologic fragments of an orange lichen.

Fig. 107 - In the powdered sample a
fragment lichen of the lichenic
tallum is visible (stereo 16x) with
green

Fig. 108 - Fragment of tallum
(stereo 40x).

Fig. 109 - Morphological part of the
and the fragment of tallum algae
(stereo 40 x).

The tallum fragment is not soredial and does not show isidioid granulations; due to the scarcity of the sample, however,
it was impossible to fully understand the tallum shape. In contact with a solution of potassium hydroxide, the tallum
resulted to be K+. A glass slide with the fragment was prepared and observed under the optical microscope: the
presence of green algal cellules and polar-diblastic, elliptical spores was detected. These results allow identifying the
lichen genus as Caloplaca sp.
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Fig. 110 - Fragment of tallum treated with KOH (stereo 40x).

Fig. 111 - Cells of green algae among the fungal hyphae (25 x)
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Fig. 112 - The red colour of the superior cortex is due to the action of KOH. Besides the fungal hyphae and the algal
cells, in the analysed slide also elliptic polar-diblastic spores were detected (25 x).

Sample no. 8
On the surface of sample no. 8 the presence of microscopic elements of white colour and circular shape has been
observed (Fig. 113). On these elements, a FT/IR analysis has been carried out, and the results indicate an organic
substance, highly hydrated and containing C=O groups, likely insects egg shells.

Fig. 113 - Elements of organic nature deposited on the surface of sample no. 8. (Long side of image = 2.75 mm).
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Fig. 114 - FT-IR analysis of the “elements” of organic nature deposited on the surface of sample no. 8, embedded in
KBr.
Wavenumber (cm-1)
3432
2966-2896
1722
1634
1457
1382

Characteristic bond
ν O-H
ν C-H
ν C=O
δ O-H ; ν C=O
ν CO32ν C=O

Interpretation
Organic substance, highly hydrated
and containing C=O groups , likely
egg shells of insects

Samples collected in 2013 for further laboratory analyses
A few samples were collected in 2013, during the mission by Marisa Laurenzi Tabasso and Stefano Ridolfi, when XRF
measures were carried out (See Chap. 3.3). This new set of samples was used for stratigraphic analyses, in order to
finalize the study of the stone surface finishing, especially in the case where barium was detected by EDXRF. In fact,
with the portable XRF spectrometer used on the site, the presence of barium hides the presence of phosphorous and
makes impossible to detect the white Fluorapatite layer, while two layers (Fluorapatite and Barium sulphate) were
detected in the samples collected in 2011 from the right pillar of the museum entrance (Xerxes Harem).
Further to this, one mortar sample was collected from the floor of the Darius Palace to study the composition of the
mortar and the painted layer. Finally, an erratic fragment of the dull grey stone was collected to study the porous
structure by Hg intrusion porosity meter.
The following Tab. 7 lists the samples collected, the aim of the analysis and the proposed analytical techniques:
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Sample no.
1
2
3

Place
Museum Porch, 1st
windows on the right
side
Museum Porch, right
pillar, close to sample
N. 9/2011
Hadish Palace, N
Porch, W pillar, close
to the floor

Type of sample

Aim of the analysis

Small fragment

Study of the
stratigraphy

Small fragment

Study of the
stratigraphy

Small fragment

Study of the
stratigraphy

4

Darius Palace,
bathroom

Small, erratic
fragment of painted
mortar

Study of the mortar
and of the painted
layer

5

Erratic fragment of dull
grey stone conserved in
the office of the ParsPasargadae Foundation

Medium size
fragment (about 1-2
cm3)

Study of the porosity
and of the porous
structure of the stone

Proposed analyses
Polished cross section, OM
and SEM/EDS elemental
analysis and mapping
Polished cross section, OM
and SEM/EDS elemental
analysis and mapping
Polished cross section, OM
and SEM/EDS elemental
analysis with mapping
Thin cross section and
polished cross section, OM
and SEM/EDS with
mapping
Hg intrusion porosimetry

Tab. 7 - Samples collected in 2013.
Due to logistic problems of the LAMA Laboratory, it was possible to carry out only some of the proposed analyses.
The experimental results partially confirmed those obtained on the previous set of samples: the presence of phosphorus
was detected on both samples no.1 and no.2 (See Fig. 115).

Fig. 115 - SEM/EDS analysis of a surface detail of sample no. 2, where the presence of Phosphorus is very evident.
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The red layer of the painted mortar of sample no. 4 resulted to be obtained with iron oxide (See Figs 116 and 117).

Fig. 116 - SEM bitmap image of sample no. 4.

Fig. 117 - SEM/EDS analysis of the external painted layer.
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Finally, the porosity of the stone fragment of sample no. 5, measured by a Mercury intrusion porosimeter, gave the
following result (See Fig. 118):
Bulk density (g/cm³): 2.6444
Accessible porosity (%): 0.47
Inaccessible porosity (%): 11.38

Fig. 118 - Pore size distribution of sample no. 5.
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3.3
Experimental Results of XRF with a Portable Equipment
Marisa Laurenzi Tabasso and Stefano Ridolfi
Introduction
The 2013 mission was aimed at collecting scientific data for the better understanding of the finishing techniques of the
stone monuments in Persepolis.
The very few samples collected in the 2010 and 2011 missions (analysed by LAMA Laboratory in Venice, directed by
Prof. Lorenzo Lazzarini) revealed a white layer of fluorapatite and calcite on the stone surface, underneath the pinkish
encrustation formed by the deposit of terrigenous dust. Furthermore, the analyses on one sample from the Xerxes Palace
have identified a second white layer of barium sulphate underneath the fluorapatite layer and, therefore, underneath the
pinkish encrustation.
These results were totally unexpected, but they were obtained on a too small number of samples to have a real statistical
value. Therefore, it was necessary to enlarge the number of samples to confirm, or to reject, the hypothesis of a
finishing layers applied on purpose on the stone surface. To have a statistically significant sampling without damaging
the original stone surfaces, a non-destructive analytical technique was needed. X ray Fluorescence spectrometry (XRF)
is, by no doubt, the most suitable technique to meet the specific needs of this analytical problem. During the mission
(6th to 12th November 2013) a portable equipment was used, an EDXRF (Energy Dispersive X ray Fluorescence),
alimented by dry batteries, specifically designed by Ars Mensurae, in order to be easily used all over the site (Fig. 119).

Fig. 119 - XRF measurements being carried out on a capital of the Unfinished Palace.
XRF spectrometry is based on the interaction between an X ray beam (primary beam) and the atoms of a given surface.
The absorbed energy of the X rays produce an excitation of the atoms, whose electrons move to higher energy levels
and then, going back to their original energy levels, emit part of the absorbed energy in the same spectral region; this
emitted energy is called X ray Fluorescence. The energy emitted by each atomic species depends on its atomic structure
and is therefore characteristic and univocally determined. The analysis of the fluorescence radiation emitted by a given
material allows to know the elements present in that material. It is important to stress that the analysis can only
investigate the surface layers (from a few up to about some hundred microns) and doesn’t give information regarding
how the elements are linked together to form minerals and other chemical compounds. The analysis is qualitative and
potentially semi-quantitative. Only in specific conditions, which are rarely met in situ, quantitative results can be
achieved. The technique is highly sensitive and can even detect trace elements, but the sensitivity depends on the
atomic number “Z” of the different elements. The higher the Z, the heavier the element and the higher the sensitivity;
in other words, heavy elements are much better detected than the lighter ones. In order to have a large number of
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elements detected, from the lighter to the heavier ones, the analyses were carried out in two different conditions: at low
energy (max 6.4 KeV, Iron lines), and at high energy (up to 30 KeV, to include Tin and Antimony K lines).
In the case of Persepolis, the element characteristic for fluorapatite is Phosphorus (P), which is a rather light element
(its Z is = 20). In order to enhance the sensitivity of XRF, a set of measures were carried out also in absence of air,
replacing air with Helium, by the use of small Mylar balloons filled with Helium at the moment of the measure. In this
way, the interference of Argon (a rare gas present in air) could be eliminated and the sensitivity increased 10.
Experimental results: Stone and plaster
XRF data
The XRF data, expressed as Number of Counts for a fixed time, are given for each sample, with the photo of the
same sample; the arrow indicates the area of measure. The Energy conditions used for the measure are given as
well. The element Argon (Ar) is always present because it is a normal component of the air, which is detected by
the equipment at Low Energy. It has no diagnostic importance.
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10 - Besides the measures on stone surfaces, further measures were carried out on colored mortars from the Darius’ Palace, on a few
traces of colour for the analysis of pigments, on some bronze objects conserved in the Persepolis Museum repository and on a large
number of glazed bricks; some of these bricks are conserved in the same repository and the rest comes from the 2013 excavations
(see Volume 4, Ch. 1.4).
Finally, a limited number of animal bones coming from the excavation in Persepolis West Trench Tr. 6 were analysed to check the
hypothesis that fluoro-apatite could have been obtained by calcined bones (a kind of bone white). As expected, the presence of
Phosphorus was confirmed.
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Unfinished
Palace

Capital already analysed in
2011

Sample no. 23

White area with pinkish encrustation

Fig. 143
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Energy
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Other capital already analysed in 2011
(where fluoroapatite was not detected)

Unfinished Palace

Sample no. 26

Pinkish area

Fig. 146
XRF Low
Energy
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Palace
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Sample no. 27

White area

Fig. 147
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Sample no. 28
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Gate of All
Nations, E Porch

N jamb

Sample no. 29

Exfoliated area, black / red colour

Fig. 149
XRF Low
Energy
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Area cleaned by Laser in 2011;
Measure in Helium atmosphere

Erratic fragment of column
(probably from Palace D)

Sample no. 32

White colour

Fig. 152
XRF Low
Energy
32 - Fragment

Apadana,
E staircase

Al

Si

P

S

Cl

Ar

K

Ca

Ca/S

94

476

979

469

88

1882

1363

102780

219

Area between the S Lion and the
Bull

Sample no. 33

Grey colour

Fig. 153
XRF Low
Energy
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Fig. 154
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Apadana,
E staircase

On a flower

Sample no. 35

Grey colour

Fig. 155
XRF Low
Energy
35-Apadana
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Si
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Sample no. 36

Grey colour

Fig. 156
XRF Low
Energy
36 - Apadana
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Fig. 157
XRF High
Energy
37- Floor

Ca
523

Mn

Fe

Cu

Zn

Rb

4990

Sr
179

100

Zr

As
399

Sb

Pb

Hg
86

Experimental Results of XRF

Darius
Palace

E room, floor

Sample no. 38

Mortar with red colour

Fig. 158
XRF High
Energy
38 - Floor
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XRF High
Energy
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Fig. 160
XRF High
Energy
40 - 100
columns

Ca
931

Mn

Fe

Cu

102

698

Zn

Rb

Sr
215

101

Zr

As
97

Sb

Pb

Hg
931

M. Laurenzi Tabasso and S. Ridolfi

Hundred
Column Hall

SW Gateway, S side

Sample no. 41

Red colour

Fig. 161
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Sample no. 43
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Discussion of the results
The experimental results achieved through the non-destructive XRF analysis were further elaborated in order to
understand how the different elements are linked together to give chemical compounds. The counts of sulphur and the
rate of Ca/S were considered a useful indication for the presence of Gypsum. Gypsum, however, is not the only sulphate
present on the stone surfaces. Ba was detected in some samples, and a previous SEM/EDS analysis of a sample
collected in 2011 revealed the presence of Ba sulphate. It must be stressed that the experimental conditions adopted for
the portable XRF equipment used in the present study can hardly distinguish the presence of Ba from that of Ti, a
ubiquitous element in the Persepolis stone. This gives a certain degree of incertitude when evaluating the presence of
Ba unless it is rather abundant.
In the following Tab. 8, the analytical results (expressed as number of counts for the same time interval) are given for
each sample for an easier comparison among the samples; the rate Ca/S is also given in order to evaluate the probability
for the presence of gypsum.
Place
Treasury
"Darius"
Relief

Sample
no.

1

2

3

4

5

Darius
Palace

6

7

8

9

10

11
Xerxes

12

Sample
details
Eye of the 2nd
figure from the
right.
White colour
Nail of the 2nd
figure from the
right. Black
stone surface
Under the left
Darius’ hand.
Surface with
pinkish earthy
deposit
Flower in the
left side of the
king.
Whitish/pinkish
surface
Beard of the
second-last
figure on the
right side.
Whitish/pinkish
surface
N Gateway , W
side, central
Hall, S jamb,
under left, fore
leg of the bull
Central Hall, E
side Central
Gateway, right
side of the back
leg of the lion.
White colour
Central Hall, N
Gateway, E
Jamb, under the
arm of the 1st
attendant.
White colour
Porch, W
Gateway, N
jamb, below the
vest of the figure
on the left side.
White colour
W staircase, N
triangle, petal of
a half-rosette.
White colour
W staircase, N
triangle, eye of
the lion. Pinkish
deposit
N Porch, W

Al

Si

263

644

206

P

K

Ca

Ca/S

9260

1769

242611

26.2

184

186

742

241983

1301

248

351

5172

2161

139213

26.9

277

496

6193

1408

203452

32.8

202

441

3063

1072

155364

50.7

312

283

242

689

246015

1017

251

922

804

1715

175698

218.5

156

1485

491

3159

116177

236.6

186

620

380

1582

190782

502.0

279

890

656

2193

195079

297.4

81

616

376

1421

134180

356.9

97

849

2095

84175

145.4

671
103

S

579

Cl

90
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Palace

13
Capital
in front
of
Museum
entrance

14

15
16
17
Porch of
the
Museum
entrance

18

19

20

21

22

Unfinished

Palace

23

24

25

26
Gate of
All
Nations,
E Porch

27

jamb, E exposed
side. Reddish
surface
N Porch, W
jamb, side
exposed to E.
White surface
NE side, upper
part. White
surface
NE side, upper
part, in front.
White surface
S side, fracture
surface. White
encrustation ?
NE side, upper
part, above point
no. 14. White
surface
W jamb, left
side, near the
area of 2011
samples.
White/pinkish
surface
W jamb, left
side, area
unearthed in the
1930s. Grey
surface
W jamb, front
side, area
unearthed in the
1930s. Residues
of pinkish colour
E side, Guards
room, area
unearthed in the
1930s. Pinkish
colour
Wall of the
Museum
entrance, W
window, on a
fracture surface?
Pinkish colour
Capital already
analysed in
2011. White
area with
pinkish
encrustation
Capital already
analysed in
2011, other area.
White area with
pinkish
encrustation
Capital close to
the above. White
area with
pinkish
encrustation
Other capital
already analysed
in 2011 (where
fluorapatite was
not detected).
Pinkish area

113

776

589

296

85

1403

94022

317.6

94

572

2509

270

222

1152

147283

545.5

96

525

1203

291

109

1228

117100

402.4

88

656

1368

170

142

1208

109967

646.9

89

597

1674

285

209

1208

154548

542.3

65

544

431

279

155

1934

86181

308.9

59

141

141

136

37

454

135352

995.2

56

244

1186

67853

551.7

25

181

60

575

31

869

26377

45.9

51

193

62

1073

32

951

35679

33.2

47

407

553

162

93

959

59761

368.8

121

876

1341

429

179

1563

145005

338

155

981

1220

414

103

1624

170689

412

157

1004

477

256

109

1586

161737

632

123

E Porch, White
area
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28
29
Apadana
Porch, E
side

30
31

Erratic
fragment
of
column
(probably
from
Palace
D)

32

Apadana,
E
staircase

33
34
35
36

N jamb. Yellowred area
N jamb.
Exfoliated area,
black / red
colour
N Staircase, on a
flower petal.
White colour
N Staircase, on a
soldier’s quiver.
White colour
Area cleaned by
Laser in 2011;
White colour
Measure in
Helium
atmosphere
Area between
the S Lion and
the Bull. Grey
colour
Lion, on a
cleaned eye.
Black colour
On a flower.
Grey colour
On another
flower. Grey
colour

134

1046

953

328

119

3648

75852

231

132

1377

732

489

66

4339

78878

161

90

624

2785

20

1808

148478

53.3

164

883

3555

60

2571

187866

52.8

94

476

469

88

1363

102780

219

187

529

1818

1683

488291

268

218

897

3594

2826

340716

94.8

145

424

3202

1789

501743

156.7

181

1123

3167

2731

486583

153.6

979

Tab. 8 - XRF Low Energy number of counts.
In the following Tab. 9, the analytical results (expressed as number of counts for the different elements) are grouped in
function of the monument where the XRF measures were implemented and the name of the minerals are also indicated.
While the presence of Phosphorus is considered indicative for the presence of fluorapatite, the arbitrary criterion
adopted for the presence of gypsum was as follows:
A. when the counts of S are very high (≥ 3000) and the rate of Ca/S counts is low (≤100), the presence of
Gypsum is considered certain,
B. when the counts of S are high (in the range 3000 - 1000) and the rate of Ca/S counts is in the range 100 – 300,
the presence of Gypsum is considered probable,
C. when the counts of S are low (≤500) and Ba was detected or considered probable, the presence of Ba sulphate
(Barite or Baritine) is considered certain or probable as well.

Monument
Treasury relief

Darius Palace

Sample

S counts

Ca / S counts

Gypsum

1

6409 /9260

25.8 / 26.2

X

2
3
4
5
6
7
8
9
10
11

186
5172
6193
3063
≤ 500
804
≤ 500
≤500
656
≤ 500

1301
26.9
32.8
50.7
1017
218
237
502
297.4
356.9
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X
X
X
X?

X?

Barite
(Baritine)

Fluorapatite
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Xerxes Palace
“ ” , Porch of the
museum entrance

12

579

145.4

13

≤ 500

317.6

X

14

“

545.5

X

15
16
17

“
“
“

402.4
645.9
542.3

X
X
X

18

“

308.9

19

“

995.2

20
21
22

“
575
1073

551.7
45.9
33.2

23

≤500

368.8

X

24
25
26

“
“
“

338
412
632

X
X
X

27

“

375

X

28

“

231

29

“

161

Apadana E staircase
Apadana staircase

30
31
33
34
35
36

2785
3555
1818
3594
3202
3167

53.3
52.8
268
94.8
156.7
153.6

Erratic Capital

32

≤ 500

219

Capital in front of the
Museum

Xerxes Palace,
Museum entrance,
Guards room

Unfinished Palace,
Capital

“ “ , other capital
People Palace, E
Porch

Apadana Porch

X?

or

X?

X (Barium
confirmed)

X

X

X
X?
“

or
“

X?
“?

X (Barium
probable)

X
X

X
X

X
X
X?
X?
X?
X?
X

Tab. 9 - Distribution of Gypsum, Baritine and Fluorapatite.
It is also interesting to underline the good correlation Si/K (with R 2 = 0.65): this indicates with good probability that the
presence of K is due to silicate minerals, such as mica-illites, which are secondary components of the stone.
The XRF analyses at high energy, for the detection of heavier elements, were made on a limited number of samples,
where the presence of coloured pigments was considered probable or possible (Samples nos 37, 38, 39, 40, 41, 42, 43,
44).
The most interesting results were obtained on the SW Gateway, S side of the Hundred Column Hall and on the floors of
Darius’ Palace as reported in Tab. 10, where a possible interpretation is also proposed. The pigments are listed in order
of number of counts of the most relevant elements (e.g. Hg for cinnabar or Cu for Egyptian Blue) but, of course, this is
only a very rough evaluation.
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Monument

Sample

Surface
colour

Fe
counts

Darius’ Palace,
centre of the N
room, floor

37

Red

4990

399

Darius’ Palace,
E room, floor

38

Red

4119

215

40

Tiny trace
of blue
colour

102

41

Evident red
colour

116

Hundred
Column Hall,
SW Gateway, S
side,
“ “,

Cu
counts

698

As
counts

97

27

Pb
counts

Hg
counts
86

79

931

Pigments
Red ochre,
Realgar,
Cinnabar
Red ochre,
Realgar,
Minium (?)
Egyptian
blue,
Realgar,
Cinnabar,
Red ochre,
Realgar ??

Tab. 10 - Analysis of traces of colour.
Conclusive remarks
From the results given in Tab. 9, the surface finishing of monuments pertaining to Darius and the early years of Xerxes
(or to the earlier period of Persepolis) is clearly different from those attributed to later periods:
In the earlier period, dull grey and even black stones were whitened by the application of a layer containing
Gypsum (when the surface was accurately cleaned after the excavation, as, for instance, for sample no. 2,
sulphur is very low as the white layer was cleaned away). In the Apadana stairways, Gypsum is either
confirmed or, at least, probable. Phosphorus was never detected, so indicating that fluorapatite was not used.
In the monuments from later Xerxes’ reign on, Phosphorus is always present thus confirming the results of the
previous study and indicating the use of Fluorapatite as pigment to obtain a white layer to hide the blackish
stone surface. In some samples, the presence of small amounts of Ba and S indicates the use of a mineral
Barium sulphate such as Barite or Baritine.
In Tab. 10, the results of few analyses made for the detection of pigments allow to hypothesize the use of
Egyptian Blue and different red pigments Red Ochre, Realgar and Cinnabar. On the basis of these few
results it is impossible to guess whether they were mixed on purpose or if impure mixtures were
unintentionally used.
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3.4
Study of the Finishing Technique of the Bas-reliefs and
Architectural Surfaces
Marisa Laurenzi Tabasso and Lorenzo Lazzarini
The diagnostic study
The stone
The first step of the study focused on the petrographic characterization of the stone used in Persepolis. In a first
preliminary report of the same Project (Guidi et al. 2012) it is stated that two types of stones were mainly used in
Persepolis: a light grey stone coming from quarries not far from the terrace of Persepolis and the mountains around the
plan of Marvdasht and a dark grey stone coming from the area of Majdabad, 40 km from the W of Persepolis. The first
type is a lightly marly bioclastic limestone of a light grey colour with fossils of the Middle Cretaceous period; the
second one is a marly limestone of dark grey, almost black colour, that is more compact and has a finer grain, with
fossils of the Upper Cretaceous period. The report by Guidi et al. also refers to a previous study on the topic by A.B.
Tilia (Tilia 1968).
During the study reported here (see also Askari Chaverdi et al. 2016), the petrographic and mineralogical properties of a
few samples of the dark grey stone collected from different monuments were further investigated by optical microscopy
on thin sections, and by SEM/EDS on polished cross sections. The classification as biomicrite with foraminifera
(globigerina), algae and bivalves, pigmented by a very fine dispersion of carbonaceous particles (which are responsible
for the dark grey colour of the stone) was confirmed; it was also pointed out the presence of spatic calcite veins and
minor amount of clay materials (Fig. 164). The porosity of the sound stone, as evaluated on the thin sections, is rather
low (< 10%).

Fig. 164 - Thin section, observed in X polars: the bioclastic nature of the stone and the presence of needle-like crystals
of mica-illite are shown.
X Ray Diffraction analyses were carried out both on untreated samples and on samples after the dissolution of calcite
by diluted HCl (2% by vol.) and suspension in distilled water of the insoluble residue, to put in better evidence the clay
components: Quartz, Kaolinite, K-mica/illite and traces of plagioclase are the components of the insoluble residue.
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The small amount of clay minerals is probably not so relevant for the observed deterioration of the stone. However,
when these minerals are concentrated along the sedimentation layers, their negative influence is important in producing
the layering (or delamination) and the chipping of the stone.
The finishing of the architectural and decorative surfaces
At first glance, the diffused colour of the stone monuments can be defined as a pale yellow-pink, very similar to the
colour of the rocks outcropping just behind the Terrace. However, observing more carefully, it is evident that this is the
colour of the stone blocks that were exposed to the environment since ancient times, while those excavated from the
1930s have a pale grey colour, as shown by many restored monuments (Figs 165-166).

Fig. 165 - The restored SW Gate of the “Hundred Column Hall” and the rocks of the hill in the background
(photo by M. Laurenzi Tabasso).

Fig. 166 - Detail of Fig. 165, where the colour difference between the upper and the lower blocks is very evident
(photo by M. Laurenzi Tabasso).
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Neither the yellow-pink nor the pale grey is the colour of the stone, which is dark grey or even black, as it is visible in
some sculptured details where, probably, the surface deposits were eliminated on purpose, after the reconstruction of
last century (Fig. 167). A close observation of the detail of Fig. 167 and of the surface of many other monuments allows
seeing that the pale grey colour is not a natural discoloration of the weathered stone, but it is due to the presence of a
thin, rather fine, whitish layer applied on the stone surface.

Fig. 167 - Detail of the King’s relief, in the Treasury: the lips and eyes of the two figures are dark grey as, probably,
they were over-cleaned when the relief was restored (photo by M. Laurenzi Tabasso).
In order to understand the nature of this layer, a few powder micro-samples were collected from surfaces supposed to be
original and on fracture surfaces, trying to separate the whitish layer from the yellow, pinkish deposit. These samples
were analysed by XRD and only after the first, unexpected information on their composition, the permission for
sampling further few chips was obtained. These samples were absolutely necessary for the preparation of cross sections
to be observed at the optical microscope and SEM/EDS.
Experimental results
For XRD analysis, the samples were powdered in an agate mortar and analysed in standard condition (Cu Kα
radiation/Ni, 40 Kv and 20 mA). In total, four samples still keeping the original surface and two, collected from fracture
surface and, therefore, without the original surface, were analysed. The results of three representative samples are
reported in Tab. 11 and illustrated in Figs 168, 169 and 170.

Sample type

Area of sampling

Components
(in decreasing order of abundance)

Figure no.

Flake from stone
core

Hadish Palace

Calcite, Quartz; traces of Kaolinite, K-mica
(muscovite/illite)

168

Whitish layer

Capital in the
“Unfinished Palace”

Fluorapatite ( Ca5(PO4)3F ), calcite and
traces of K-mica

169

Pinkish surface
deposit

Capital in the
“Unfinished Palace”

Calcite, quartz; traces of K-mica and
fluorapatite

170

Tab. 11 - Results of XRD analyses.
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Fig. 168 - Stone core: C = calcite; Q = quartz; Km = K-mica; Kln = Kaolinite

Fig. 169 - Whitish layer: C = calcite; FL = fluorapatite; Km = K-mica
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Fig. 170 - Pinkish surface deposit: C = calcite; Q = quartz; Km = K-mica; FL = fluorapatite

FTIR analysis carried out on both the whitish and the pinkish layer confirmed the XRD results, while no organic
substances were detected in the whitish layer. The latter, therefore, results to be mainly constituted by fluorapatite with
a minor amount of calcite.
It is important to stress that fluorapatite was not detected in samples collected from non-original surfaces, such as old
fracture surfaces, which were only covered by the pinkish layer, due to an earthy deposit.
Few further samples, available as small scales including the external surface of the stone, were collected from a capital
of the Unfinished Palace and from the right pillar of the Museum entrance, which was formerly part of the “Harem of
Xerxes”. In both cases, one sample included the original surface while an analogous one was taken where the original
surface was missing, but the stone was covered by the pinkish deposit. These samples were embedded in poly-esther
resin for the preparation of cross sections and observed under the optical microscope and at the SEM/EDS.
The observations of cross-sections under the optical microscope and at the SEM/EDS, clearly show that in the samples
including the original surface a white layer is in direct contact with the stone and it is covered by second, pinkish layer.
In one small part of the sample collected from the Museum pillar, a second, very irregular, white layer is present
between the first one and the pinkish layer. The SEM/EDS analysis confirmed the different composition of the three
layers where Ca is always the major component: in the inner layer, P is one of the major components; in the
intermediate layer Ba and S are also present with minor amounts of P; in the external layer Si, Al, Mg and Fe are
present, again with minor amounts of P. The back scattered image of the sample and the XRF maps of the most relevant
elements are shown in Fig. 171. Figs 172 and 173 respectively illustrate the EDS spectrum of the intermediate layer
with Ba and S and the EDS spectrum of the external, pinkish layer.

112

Study of the Finishing Technique

Fig. 171 - Back scattered image of the sample and XRF maps showing the distribution of the elements in the different
layers.
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Fig. 172 - EDS spectrum of the intermediate white layer.
The samples collected from non-original surfaces only have the external layer without P and Ba but with a small
amount of Fe (Fig. 174). This element can be correlated to the pinkish colour of the layer.

Fig. 173 - EDS spectrum of the external, pinkish layer.
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Fig. 174 - EDS spectrum of the external, pinkish layer present on a fracture surface.

Considering that phosphorus and the mineral fluorapatite neither are intrinsic components of the stone nor are present in
the external pinkish layer, the results of the observations of cross-sections reported above clearly show that a thin layer
containing fluorapatite as the major component was applied on purpose to the stone surface and gives it a lighter colour.
Calcite is the other important component of the layer: it can partly be due to the stone itself but could also come from
the carbonation of lime used as a binder in the fluorapatite layer.
Calcium phosphates obtained from the calcination of animal bones and commonly named bone white were used in
European countries since the Middle Age, especially for illuminated manuscripts and miniature as Cennino Cennini
describes in his famous Il Libro dell’Arte, written at the end of the 14th Century in Italy. Bone white, considered as a
rather opaque pigment, mostly contains calcium phosphate and calcium carbonate as a second component (Guineau
2005). Any information is available on its use in more ancient times and for painting stone surfaces. The archaeologists
of the Italian-Iranian project found, in two of the trenches excavated in 2008 in the area of the town settlement near
Persepolis (Trenches Tr. 4 and Tr. 6: Askari Chaverdi and Callieri 2012: 234), one kiln of a type different from the
pottery kilns known for ancient Iran, with fragments of calcined animal bones, and a nearby area with dump pits
containing a significant quantity of animal bones. One of these bones was analysed by XRD and resulted to be almost
composed of fluorapatite (Figs 175 and 176). It is reasonable to suppose a close correlation between the whitish layer
present on the stone surface and the use and technology of burning animal bones. In other words, Achaemenid
craftsmen probably used to calcine animal bones to produce a white substance used for the surface finishing of the
monuments in Persepolis. The scope of such finishing could have been to hide the dull grey colour of the stone, perhaps
to imitate white marble surfaces. A second function of the fluorapatite layer could have been as a preparatory layer for
further painting the stone surfaces. The data collected up to now, do not allow to propose other, sounder hypotheses.
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Fig. 175 - Jaw of a herbivorous animal found near a kiln in Trench Tr. 6 at Persepolis West.

Fig. 176 - XRD of the bone, showing fluoroapatite as the only component.
As far as the presence of the white layer made up of Ba and S (that’s barium sulphate or Baritine), and the source for
this mineral, we only know that Iran is rather rich of Baritine, but, at the present phase of our study, it is impossible to
make any hypothesis on its source and its use by the Achaemenids.
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Conclusive considerations
After an attentive, close observation of the stone surfaces, both carved and not carved, a few samples were collected and
analysed. The results obtained on these samples allow stating that the dark-grey limestone used for several (or many?)
monuments was covered on purpose by a thin, fine whitish layer containing fluorapatite, as the major component, and
calcite. It is highly probable that fuorapatite was obtained from calcined animal bones. No organic binder was found in
this layer, therefore it was probably applied using lime as a binder. The pinkish colour common to all the architectural
structures is due to an earthy deposit containing mostly calcite, minor amounts of quartz and other silicates and traces of
iron oxides, responsible for the red dominant of the colour, which is also common to the rocks of the background.
These results raise many new questions: which was the purpose of the whitish layer? If the purpose was to simulate
white stones or marbles, why the ancient architects did not simply apply a lime wash to the stone surfaces? A possible
reason could be that the production of fluorapatite from animal bones was less expensive and simpler than the
production of lime from limestone, which requires to reach a much higher temperature in the kiln and then the long
slaking of quick lime in a water pit. Was the white layer applied in specific periods or on specific types of monuments
of Persepolis? Was it always obtained by the use of bone white? Was this practice common to other Achaemenids
monuments in different sites?
Can the presence of a second white layer, obtained with barium sulphate, be interpreted as the remaining of a
polychrome finishing? Are there other parts of the monuments, such as the precious, carved staircase of the Apadana,
still keeping remaining traces of original pigments, besides those already known (Lerner 1973; Tilia 1995; Nagel and
Rahsaz 2010)?
The results achieved by this first campaign bring new light on the finishing technique used by the Achaemenids in
Persepolis but must be considered only preliminary as they refer to a limited number of samples. It is now necessary to
further investigate in order to try to answer the many questions which remain unsolved. A second campaign based on
non-destructive analytical methods (mostly X-ray Fluorescence Spectrometry) was very recently carried out. This
allowed to check a much larger number of points and the results expected from the detailed analysis of the recorded
spectra will hopefully clarify, at least for Persepolis, the technique adopted for finishing the stone surfaces.
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4
Conservation on the Persepolis Terrace
4.1
Report on the Study on the Proposed Restoration of the NE Doorway of the
Hundred Column Hall, 2009
For a new methodology of intervention on the Persepolis Terrace
Giuseppe Morganti
Foreword
The restoration works – mainly the anastylosis – made in Persepolis by the Italian School in the years 1964-1978, are
asking – due to the long time elapsed and the theoretical evolution in the field of restoration – for an accurate reconsideration. As a matter of fact, it seems an appropriate proposition to open a debate and verify the methodology and
the principles outlined at that time and that have been followed so far without any updating, in order to look for
alternative and less invasive solutions.
Those restorations had been implemented between c. fifty-five and fourty years ago, when anastylosis was regarded as
an ideal way to give value to the scattered fragments of ancient monuments, and it was quite commonly accepted. At
the same time, the political situation in Iran encouraged such a method in order to clarify the comprehension of the site
and to improve the attractiveness for the great public. Beside this, those realizations were implemented by a highly
skilled architect as Giuseppe Tilia, involved full time in those works and endowed by a rich cultural background, and by
his high standard staff, made of Italian and International members.
At present, after almost fifty-five years since the very beginning of that season, the restoration theory has had a natural
evolution towards a critical approach: even if anastylosis is not unanimously forbidden, the common opinion is that
people have to thoroughly reflect on the opportunity to adopt this kind of solution. The recommendation is to decide by
means of a cautious evaluation – case by case – of the advantages and the possible damages of anastylosis, always
giving priority to the preservation of the ancient objects and the original materials. This has to be particularly stressed
bearing in mind the present state of the Persepolis architectural remains; it would not make sense to iterate solutions and
criteria outlined when the material under study was in far better conditions than today. The past conditions allowed the
achievement of the objective by means of a limited use of modern integrations with new stone. Today the integrations
have to be relevant and also the structural consolidation has to be heavy handed, often seriously harming the original
material.

The action of the Iranian-Italian Joint Archaeological Mission
In this frame, the contribution of the Iranian-Italian Joint Archaeological Mission to this specific aspect of the project
was supposed to consist in the compilation of a plan valid both according to a cultural point of view and up-to-date
within the state-of-the-art of the international debate on this issue. At the same time, the programme should have been
enriched by the expertise of Italian restorers and specialists in the field of stone restoration and reassembling techniques
of blocks of ancient monuments.
The specific aims of the Mission which took place from the 23rd April to the 2nd May 2009 were directed particularly
onto two architraves of the Hundred Column Hall, still not restored, selected as a case study.

Preliminary observations
With reference to the two architraves of the north-eastern doorway of the Hundred Column Hall, it is necessary to make
a preliminary assessment concerning the preservation conditions of the stone. It is quite clear that such a material –
which is very delicate already in its natural state and is affected by preservation problems as, of course, damages due to
weather inclemency, destructions, fires and ill-conducted reutilizations of the monuments of the Takht-e Jamshid
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Terrace – is in very bad conditions, and cracks and fissures as exfoliation, scaling, crumbling and other typical
phenomena of building stones are visible.
Besides this, as for the fragments of the two architraves, there has been an additional action that presumably (it is likely
to have) worsened the situation compared to other fragments in Persepolis: the iron ropes and the other metallic and
wooden parts used to tie the different block fragments together, and the unnatural vertical position of the north
architrave have provoked, worsened or merely hindered the healing of the clearly visible deterioration phenomena.

Short term programme
The objective of an accurate investigation, adequate to assess, with scientific exactness and objectivity, the state of
conservation of the architraves under study, can be achieved by a very first operation, consisting in the untying of the
present devices that provisionally assemble together the various fragments, in order to enable the accessibility and
visibility of any single fragment from all sides, included those that are hidden in the present situation.
Preliminarily, a provisional restoration should be done, in order to protect the single elements against possible damages
deriving from the necessary movements and transpositions.
At the same moment, the availability of all separate fragments could enable a possible complete survey and
documentation (at present lacking the hidden sides of the fragments), other than the scientific observations,
investigations and analyses needed to obtain information and data about the stone material, deterioration phenomena
and factors.
The availability of a complete documentation of the fragments, also including the voids among the various parts, based
on techniques allowing 3D visualizations, could enable the preliminary compilation of a restoration and (should it be
the case) reassembly project.
The draft programme could include the following phases:
- Preliminary observations and assessments about the conservation conditions of the objects and their material in
their present state;
- Provisional restoration of the stone;
- Untying of the single fragments, eliminating of all wooden and iron devices, and consequent movements and
transpositions, in a way that allows the successive observations, investigations, studies and analyses;
- Chemical-physical investigations and, in general, scientific analyses on the stone, either on-site or in laboratory
on samples taken from the objects and compared with contemporary samples coming from quarries of the
same material;
- Accurate restoration following the elimination of the tying devices;
- Detailed survey, based on stereophotogrammetric or laser scanning techniques, in order to allow a 3D
restitution;
- Studies, based on the data coming from the 3D restitution, aimed to identify and evaluate the possibilities of
reassembly and/or anastylosis;
- Virtual reconstruction and anastylosis of the studied elements, also with educational purposes.

Indications for the long term programme
The indications presented above concern the two architraves of the Hundred Column Hall selected as a case study.
However, the survey of the situation has allowed a few general reflections that have to influence the long term
programme. They are as follows:
- Strong reduction of the programme of reconstruction and anastylosis (not the theoretical elimination of these
interventions): as mentioned above, this methodology, meant as an instrument for valorization/conservation, is
nowadays quite outdated, particularly within the frame of the architectural fragments of Persepolis. Besides the
methodological consideration illustrated above, two more factors come into discussion: firstly, even if the
interventions carried out by Arch. Tilia and his staff in the 1960’s and 1970’s were perfectly realized by their
sensibility and culture, those experiences should now be considered outdated in their scope, given the danger
that repeated applications of the same methods may lead to questionable results; secondly, it is now
compulsory to question the legitimacy and aesthetical value of further modifications of the now consolidated
skyline of the Takht-e Jamshid Terrace.
- Evaluation of the general state of conservation of the stone material of Persepolis monuments, both as regards
the existing buildings and the large number of fragments not yet recomposed. The situation is apparently so
serious that a programme of stone conservation should be given absolute priority over any further
intervention of reconstruction or anastylosis.
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Availability, now wide and easily accessible, of technologies which allow – in a rather fast and cheap way – to
obtain excellent virtual reconstructions and informatic products of educational character, which lead to the
same results of the anastylosis used half a century ago, albeit in a different and less invasive way.
Need of a careful transformation and re-qualification of the specialised conservators and workmen of the
Parsa-Pasargadae Research Foundation. The Foundation has the proper human resources, work organisation
and tools availability to ensure a continuous maintenance and a programmed conservation. These represent
the true objective of a methodological update to the approach to the study, conservation and valorisation of the
site of Persepolis. In this field, the Iranian-Italian collaboration can carry on its objectives.
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4.2
Didactic Hands-on Workshop on a Never Restored Window
in Hadish, W Part of S Side, 1st to 15th November 2011
Carla Gianturco, Marisa Laurenzi Tabasso and Paolo Pastorello

Fig. 177 - The window in the Hadish selected for the workshop.

Fig. 178 - The participants to the workshop; from left: Mehdi Koliaei, Hamidreza Karami, Shahram Rahbar, Ja’far
Siavashi, Sirous Zareʿ, Azam Zareʿ, Hassan Rahsaz, Sina Noei.
122

Didactic Hands-on Workshop
Introduction
The Iranian-Italian Joint Archaeological Mission in Fars aimed at organising and implementing a didactic workshop to
illustrate the approach to stone conservation and the use of products and techniques, suitable to improve the condition
of the stone and its durability.
This workshop specifically refers to the conservation of the stone used for the monuments of the site. It comprised both
theoretical and practical activities: the former were mostly concentrated in the first days of the workshop, while waiting
for the late arrival of the products from Italy and the correct set-up of the worksite (scaffolding, shelter, tables and
containers to keep the working tools neat and tidy, etc.); the latter concerned the conservation treatments on the ruin of
the window in the south-western corner of the Hadish Palace (Fig. 177) and object lessons on two cleaning methods
tested on several fragments other than the above mentioned window.
The following technical staff of the Parsa-Pasargadae Research Foundation (Fig. 178) attended the workshop, under the
responsibility of Mr Hassan Rahsaz, former Chief Restorer of the Site and now Prime Consultant to the Foundation:
Hamidreza Karami
Mehdi Koliaei
Shahram Rahbar
Ja’far Siavashi
Sirous Zareʿ
Azam Zareʿ
Sina Noei attended the workshop, also providing the English-Persian translation.
The following staff attended as observers:
Maryam Rahsaz
4.2.1 - Theoretical activities
The following PPT presentations were given:
1.
2.
3.
4.
5.

“Persepolis Monuments Diagnosis”, to illustrate the results achieved on the samples collected from the site in
November 2010 (by M. Laurenzi Tabasso);
“Stone Conservation Techniques: Case Studies”, to illustrate different conservation problems on Italian
monuments and the adopted solutions (by P. Pastorello);
“Glossary on Main Stone Deterioration Patterns for Graphic Survey”, according to the ICOMOS Glossary (by
P. Pastorello);
“Laser cleaning”, to give basic information on the technology of Laser and the requirements of equipment
suitable for cleaning stone in monuments (by M. Laurenzi Tabasso);
“Mortars”, to give basic information on the classification of mortars on the basis of the chemical
characteristics of binders and aggregates (by M. Laurenzi Tabasso) 11.

4.2.2 - Field activities
4.2.2.1 - Sampling
The results of the analyses carried out on the samples collected in November 2010 highlighted the following main
points:
the presence of a white layer rich in Fluorapatite (Ca and F phosphate) and Calcite, under the pinkish earthy
encrustation and in contact with the stone beneath; this result was obtained on the only sample that was
possible to collect from a capital of the Unfinished Palace;
the limited presence of efflorescences and the low content of water-soluble salts;
the presence of clay minerals (mostly Kaolinite and K-micas/Illites) concentrated along the fracture
surfaces;
the presence of several lichen colonies.
In order to confirm the presence of the white layer and its chemical/mineralogical composition, and to better understand
its role and significance, several further samples were collected from the Unfinished Palace and other parts of the site.

11 - This presentation could not be arranged due to lack of time, but the file was provided to the participants.
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Moreover, the careful observation of the forms of decay in the Hadish Palace (where the didactic, hand-on workshop
was taking place) pointed out the high frequency of “pitting” and the coincidental presence of lichens, which frequently
live inside the small holes of the pitting. Two samples of stone with pitting and lichens were therefore collected from
the Hadish Palace.
4.2.2.2 - T and Humidity measures
In order to collect information on the influence of climatic factors on the decay process of the stone, further to its
structural and mineralogical features, T and Humidity measures were carried out on a window close to the one where
the hands-on workshop was taking place (Fig. 179).

Fig. 179 – Temperature measures with the Protimeter Surveymaster.
The following parameters were measured: air Temperature and Relative Humidity; stone surface Temperature and
Humidity content.
Both surface and air temperature were measured by the IR Thermometer “TESTO” Pocket Pro 810. The indirect
humidity content of the most external layer of the stone (≈ 0 - 20 mm thick) was measured by the Protimeter
Surveymaster SM (Fig. 180).

124

Didactic Hands-on Workshop

Fig. 180 - The Protimeter Surveymaster (left) and the “TESTO” Pocket Pro 810 (right).

The moisture level is measured by radio-frequency just putting the probe in contact with the wall surface. The
equipment has a conventional scale with three ranges: Green = Low humidity content; Yellow = intermediate humidity
content; Red = high humidity content. Each range is subdivided into numerical intervals: the higher the number, the
higher the humidity content; however, without calibration on similar materials, it is impossible to give any correlation
between the values indicated by the equipment and the actual humidity content of the surfaces, expressed as weight %.
The measures were carried out systematically on the four sides of the window, at three different heights: ≈ 20cm from
the ground, ≈ 170cm from the ground; near the top of the structure (where possible); three points were measured at each
height (left, centre and right of the structure). The internal sides of the window were measured as well.
The results of the measurements carried on four days ( 6, 8, 12, 13 November) are given in Annex 1.
Even within the limits of these very simple and discontinuous measures, the obtained results allow to draw the
following observations:
The surface temperature is strongly influenced by the exposition to sunlight, probably also due to the
dark grey colour of the stone; the consequence is a rather high difference in temperature, even
within the same stone block, according to the position of the measured part. Thermal stresses can,
therefore, be considered among the factors of decay, even more dangerous given the structural
features of this stone.
In the condition of T and RH measured in these four days, the “dew point” is very close to 0°C, lower
than the coldest measured points. Therefore, the condensation of water vapour from the air was not
very probable in those days. However, it must be noted that in other periods of the year (especially in
Winter) the air RH can reach higher values, making the condensation phenomenon easier.
The humidity content of the surface is always lower than the instrumental limit of the Protimeter,
safe in some fractures where it was possible to measure values around G2 – G3, still low, but
measurable. This stress the importance of an attentive and careful gap filling to prevent (or at least
to reduce) the penetration of water inside the discontinuities and avoid any risk of damage in the case
of water freezing.
The ground, in contact with the stone was still humid (in the area of yellow - red readings) six days
after the rain. Notwithstanding this, no front of capillary rising is visible in the window, on all four
sides. The same can be stated about all the monuments of the site. This is consistent with the very low
capillary absorption of water measured on one sample by Dr G. Zareʿ of the Parsa-Pasargadae
Research Foundation.
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4.2.2.3 - Hands–on activities for the conservation of the window
The hands–on activities were preceded by introductive theoretical lectures and presentations concerning works done in
Italy, on similar case studies of stone conservation, showing forms of decay comparable to those detected in Persepolis,
with reference to the ICOMOS-ISCS: ILLUSTRATED GLOSSARY ON STONE DETERIORATION PATTERNS 12,
The following PPT presentations were given:
1.
2.

GLOSSARY ON MAIN STONE DETERIORATION PATTERNS FOR GRAPHIC SURVEY;
STONE CONSERVATION TECHNIQUES: CASE STUDIES

Figs 181, 182, 183 - Theoretical activities and on-site workshop presentation.
The limited, but rather intense, working days on the ruins of the stone window chosen for the didactic workshop, in
Hadish, W part of S side of the Persepolis Terrace, led to some appreciable results in the purviews of the Workshop
Programme:
the forms of deterioration of the ancient stone monument ruins have been deeply investigated and the results
reported on a graphic documentation, developed on three plates (Condition Report: Plate no. 1, no. 2 and no. 3)
showing the listed glossary terms:
Crack
Erosion
Delamination (or Layering)
Disintegration
Fragmentation
Scaling
Missing part
Pitting
Deposit
Discolouration
Encrustation
Biological colonisation

Figs 184, 185, 186 - Graphic survey: forms of deterioration of the ancient stone monument ruins.

12 - ICOMOS-ISCS, Illustrated glossary on stone deterioration patterns (Monuments and Sites XV), Champigny/Marne, 2008.
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the conservation treatments settled during the didactic hands-on workshop have been documented on two other
plates (Conservation Treatments: Plate no. 4 and no. 5):
Removal of superficial incoherent deposits
Biocidal treatment
Removal of dead plants and lichens
Removal of compacted terrigenous deposits
Cohesive pre-consolidation treatment
Adhesive consolidation treatment
Re-adhesion of fragmented parts
Temporary facing
Insertion of pins
Stuccowork
Micro-stuccowork
Cleaning tests (Laser cleaning; micro sand blasting; chemical cleaning)
All the conservation treatments have been widely reported by high definition photos and videos. Unfortunately, not all
of the programmed treatments of the elaborated methodology of intervention, purposeful to solve the various
conservative problems of the chosen monument, were carried out, due to a very strong delay in the delivering (or not
arrival) of the special materials and tools shipped from Italy. However, as the aim of the workshop was to make the
local conservators capable of implementing the learned methodologies, the conservation work on the Hadish Never
Restored Window should be pursued after the delivery of the missing materials shipped from Italy.
Indeed, during the graphic and photographic survey, the definition and the study of the condition report and the
preparation of the most affordable mixtures and materials, the biocidal treatment should have been attained. But,
unfortunately, the biocide (Biotin T)13 was not available. It was obviously important that the participants realize this
part of the conservation treatment as soon as possible, while continuing the other treatments here below described:
Removal of superficial incoherent
deposits

By soft brushes

Removal of compacted terrigenous
deposits

By brushes and small mechanical tools

Double biocide treatment

Biotin T 1 to 3% in demineralized water, double application; the second after
two weeks

Removal of dead plants and lichens

By brush and small mechanical tools; after one month from first treatment

Cohesive pre-consolidation
treatment

By impregnation with acrylic resin solution – Paraloid B72; 5% in thinner –
by injection and by brush

Adhesive consolidation treatment

By grouting with liquid hydraulic mortars – LEDAN RISTAT BASE B, for
small cracks, and LEDAN RISTAT BASE A, for big cracks

Re-adhesion of fragmented parts
(chips)

With semi-liquid hydraulic mortar – LEDAN C30

Temporary facing

With acrylic resin solution – Paraloid B72; 20% in acetone

Insertion of pins

Stainless steel with LEDAN PZ05,
special semi-liquid hydraulic mortar for pins

13 - Biotin T (CTS Europe) is a preparation of OIT and Ammonion Quaternary Salts to be used in demineralized water solutions,
with a concentration ranging from 1 to 3%, for preservation and repair from the microbiological attack of surfaces such as stone
materials, mortars, plaster, frescoes, bricks and organic materials.
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Stuccowork

Under level gap filling on the areas of the missing parts through the
application of a compact hydraulic binder based mortar – Ledan MTX/L with
stone and sand aggregates from 50 to 8 mesh, in the following rate 14:

Micro-stuccowork

Under level gap filling on the areas of the missing parts through the
application of a compact hydraulic binder based mortar – Ledan MTX with
stone and sand aggregates up to 50 mesh, in the following rate:

Figs 187, 188, 189 - Adhesive and cohesive stone consolidation treatments.
The aims that have to be achieved by the hereby presented methodology for stone conservation in open air are, as said,
basically the following:
removal of the substances causing stone deterioration
strengthening of the weak constitutive materials
prevention of infiltration of water into the stone items
14 - Experimental tests were carried out, with the active participation of the Iranian restorer, to select the right aggregate mixtures
suitable for each type of mortar.
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Didactic Hands-on Workshop
It was possible to achieve these results through the treatments practiced by the participants in the hand-on workshop.
They concerned:
pre-consolidation and temporary protection
consolidation (adhesive and cohesive)
sealing of leakage access paths and superficial protection

Figs 190, 191, 192 - Stucco work treatments (sealing of leakage access).
Also, some cleaning treatments have been tested: the micro-sand blasting (tests with aluminium oxide sands 220, 180
and 150 mesh, at 0,5 and 1,5 bar) and the Laser cleaning tests (through Art Laser equipment, by Lambda Scientific
s.r.l, Altavilla Vicentina, Italy. It is a Nd-YAG Pulse Laser, working at λ=1064 nm. The best setting was: 150 mJ-20
pulse/sec).

Figs 193, 194, 195 - Micro-sand blasting and the Laser cleaning tests.
The tests gave very good results in reaching the safe ablation of the pinkish incrustation that exist on many surfaces of
the Persepolis’s stone monuments and, particularly, the easy cleaning of the white layer, of unknown origin, that can be
found under the pinkish layer in many places. It must be stressed that these cleaning treatments essays must be intended
only as technical tests and, therefore, not to be considered as an extensive method for cleaning the stone surfaces of the
Persepolis Monuments.
After the conclusion of the course, the best thing for the participants would be to continue to apply the learned
techniques for a longer period and to edit a final report of the workshop, to be submitted to the teaching staff.
4.2.3 - Conclusive remarks and recommendations
The conservation treatment could not be concluded due to different problems: first of all the very poor condition of the
stone, which presents widespread exfoliations, fractures, chips and detaching of large fragments; secondly, the late
arrival (or even the non-arrival) of products from Italy and finally some lack in the organization of the worksite.
However, the results achieved in the two-week mission were very positive given the quality of the activities carried out
and the training received by the participants. This, in fact, was not only related to the specific problems of the treated
window, but has a more general validity especially in what concerns the organization of the worksite, the modality for
the documentation of the forms of decay and the type of treatments adopted for the different alteration phenomena. The
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potentiality and limit of the micro-sandblasting and the Laser cleaning were illustrated as well, even if these techniques
were not needed for the window treated during the workshop.
The following recommendations must be stressed again:
1): to conclude the work on the window treated during the workshop. Leaving the monument only partially
treated would put it in danger due to the lack of homogeneity between the treated and the untreated parts.
2): to monitor carefully and systematically the condition of the monument, with special attention to the
stucco works made in this workshop.
The authors of this Report hope that this workshop contributed to raise the interest of the Iranian and the International
scientific community, in order to plan and carry out scientific researches aimed at finding solutions for the conservation
of stone monuments in Persepolis.

Annex 1
Measures of air temperature and relative humidity, stone surface temperature and humidity content
Persepolis, November 2011
Measurements carried out on the 3rd windows from the left, of the SW side of the Hadish
The measurements were carried out systematically from the left to the right of each side of the window and from the
lower level to the top.

Day: 06/11/2011
Time (h)
10am

Tair °C
25
22.3
20
18
19,8

11am
12am
1pm
Time (h) 10am
Side/
Height
Near the
ground

Half height

Near the
top

Surface T
(°C)
Protime
ter
Surface T
(°C)
Protime
ter
Surface T
(°C)
Protime
ter

RH (%)

Notes
Sun
Shadow
Shadow
Clouds, wind
Clouds, wind

28
36
33

W

S

E

N

18,4 –empty - 13,6

24.7-27.1-27.6

20.2-14.5-14.0

10.8-8.6-8.4

G2 – G3

0

0 – G3

0 – 0 -- 0

11.0-empty12.2-12.8

22.1-22.2-25.7

18.1-14.8-14.8

10.1-empty10.9

G1 – G2

G1 - 0

G1 – G2 –G3

10.0-13.413.7

15.4-20.4-21.7

16.4-15.5-15.6

N.B. Heavy rain in the afternoon

130

8.4-9.9

Notes

No battery
for the
protime ter

Didactic Hands-on Workshop
Day: 08 /11/2011
Time (h)
9.45am
2pm
Time (h): 10 – 10.30am
Side/
Height
Near the
ground

Half height

Near the
top
Ceiling
E wall
W wall

E

N

Surface T (°C)

5.8 – empty space
– 8.6

22.3– 24.8 –
24,5

15.7-empty
space-13.7

7.0-6.7-5.9

Protimeter
reading

0

0

0

0

Surface T (°C)

3.4-3.8-4.2

20.7-empty
space-23.4

16.7-12.611.6

Protimeter
reading

0; G3 in a
fracture

0

0; G2 in a
fracture

Surface T (°C)

3.4-3.8-6.9

7.5-7.7-9.3

15.2-11.912.0

6.0-empty
space-7.2
0; G3 in a
fracture; G3
in a fracture;
G5 in a
fracture with
lichens
2.4-empty
space-2.7

O; G2 in a
fracture; G1

0

0 – 0 – G1 in a
fracture

0; G3 in
fractures

Protimeter
reading

Notes

2.0 – 2.1 – 2.0 °C
13.9 – 16.9 (sun) – 10.8 (shadow) °C
19.7 – 11.1 – 2.9 (shadow ) °C
11.2 – 9.4 – 4.0 °C
6,4 – 3.5 °C

Tair °C
12

RH (%)
23

Notes
Sunny

W

S

E

N

Surface T (°C)

6.5 (shadow) –
17.5 (sun)

11.5

9.0 – 6,1 – 1.4

4.5 – 4.3 – 4.4

Protimeter
reading

0 ---- 0

0 ---- 0

0 ---- 0

0 ---- 0

Surface T (°C)

4.0 – 8.8

12.5 – 6.7 – 5.9
– 4.4 – 3.8
?????

9.0 – 6.1 –
1.4?

Protimeter
reading

0 – 0 – G2 in
cracks

0 – 0 --0

0–0-0

Surface T (°C)

1.1 – 2.3 – 4.7

15.7 – 14.7 -9.2

8.4 – 6.3 – 5.3
– 4.7

4.4 – empty
space – 5.9 –
6.0
0 –G2 in a
crack - 0
4.3 –empty
space – 2.0

0 – G3 (deep
crack) - 0

0 -- 0

0 – G2 (in
cracks) - 0

0 – G2 and
G3 in cracks

Half height

Ceiling
E wall
W wall

Notes
Sun, no wind
sun, wind

S

Time (h): 10am
Side/
Height

Near the
top

RH (%)
29%
23

W

Day: 12 /11/2011
Time (h)
10

Near the
ground

Tair °C
16.1sun/13.0shadow
15

Protimeter
reading
4.2 – 4.8 °C
5.4 °C
6,4 – 6.6 °C
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Day: 13 /11/2011
Time (h)
10
11
Time (h): 10am - 11am
Side/
Height

Near the
ground
Half height

Near the
top

E wall
W wall

Tair °C
16.2
16.9

RH (%)
25
24

W

Notes
Sunny

S

E

N

5.7 – 4.8 – 5.2

0 ---- 0

13.7 – 12.4 –
6.8
0 ---- 0

16.5 – 18.7 –
18.5

10.1 – 8.8 –
7.3

4.8 – empty
space – 4.6 –
4.3
0 –G2-G3 in
cracks - 0
1.5 –empty
space – 1.0
0 – G2 and
G3 in cracks

Protimeter
reading
Surface T (°C)

10 (shadow) –
14.5 – 15.6 (sun)
0 ---- 0 – G2
(crack)
6.7 – 7.8 – 8.3

Protimeter
reading
Surface T (°C)

0 – 0 – G1-G2 in
cracks
3.8 – 5.6 – 6.7

5.7 – 6.3 - 11.9

5.6 – 4.1 – 4.2

Protimeter
reading

0 – G2 (crack) - 0

0 -- 0

0 – G2 (in
cracks) - 0

Surface T (°C)

20 - 21

0 – 0 --0

6.0 – 7.4 °C
8.1 – 9.9°C
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0–0-0

0 ---- 0

Notes

Alireza Askari Chaverdi - Iranian director of the Iranian-Italian Joint Archaeological Mission in
Fars, is Associate Professor at the Department of History and Archaeology, Shiraz University, and
Chancellor of the Shiraz University of Arts, Iran. He has carried out several excavations in Fars,
focussing on the Pre-Islamic Historic periods, from the Achaemenids to the Sasanians.
Pierfrancesco Callieri - Italian director of the Iranian-Italian Joint Archaeological Mission in Fars,
is Professor at the Department of Cultural Heritage of the University of Bologna, Italy. From 1977
to 2000 he worked in the Swat Valley (Northern Pakistan), and since 2005, he has started field work
in Iran focussing on the Pre-Islamic Historic periods in Fars.
The project started in 2008 by the Iranian-Italian Archaeological Mission in Fars, “From Palace to
Town: An integrated multidisciplinary approach to Persepolis terrace and town”, had two main
objectives, respectively in the fields of archaeology and conservation. Even though the focus of the
work that was to be started on Persepolis would have shifted from the “Palaces” of the imperial
Terrace, which had exclusively attracted the attention of archaeologists in the past, to the inhabited
settlement known from the written sources, the “Town”, the urgent needs of conservation on the
Terrace, in a multidisciplinary approach of an up-to-date study of the past, were the second
objective of the project. The collection of information regarding diagnostic investigations on stone
as a basis for subsequent pilot conservation tests on the main problems met on the Persepolis
Terrace has represented the first aim of the conservation section of the project, integrated by
information on topography and data management. This volume, the first of the series of final reports
on the 2008-2013 project “From Palace to Town”, includes four sections: 1 - Topography and GIS;
2 - The Archaeological Relational Database; 3 - Diagnostic on the Persepolis Terrace; 4 Conservation on the Persepolis Terrace. It makes available the large amount of data collected in
these fields, and represents an important contribution to the preservation of the World Heritage Site
of Persepolis.

