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Foreword by the Director-General
of UNESCO
Chogha Zanbil, the great Elamite holy city, was inscribed on
the World Heritage List in 1979, making it one of the ﬁrst
cultural sites to be so recognized. Being such an exceptional
site, it is particularly regrettable that it has been affected by
serious conservation problems resulting both from the inherent fragility of its earthen constructions and from years of
warfare.
Rising to the challenge of safeguarding Chogha Zanbil, the
UNESCO Division of Cultural Heritage sent a ﬁrst team of
experts to Iran in 1995 with a view to making recommendations to ensure the sustainable conservation of the site. The
resulting Project for the Conservation of Chogha Zanbil – the
ﬁrst major international cultural initiative since the Iranian
Revolution – was subsequently launched thanks to generous
donations from the Japanese and Iranian Governments, and
the close collaboration between the Iranian Cultural Heritage
Organization (ICHO) and UNESCO.
I am very pleased to see that the project’s ﬁrst phase,
carried out from 1999 to 2002, has been successful. In addition to implementing urgently needed restoration work, drawing up a General Plan for Conservation and developing training
and research activities, the project has paved the way for
future international and bilateral projects in Iran and elsewhere in Central Asia, a region particularly rich in earthen
architecture.
In the upcoming second phase, we look forward to continuing fruitful cooperation between UNESCO, ICHO, and the
Governments of Japan and Iran, whose efforts to ensure the
conservation of Chogha Zanbil will undoubtedly earn the gratitude of future generations.

Koïchiro Matsuura
Director-General of UNESCO
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Foreword by the Deputy Minister
and Head of ICHO
The International Project for the Conservation of Chogha Zanbil,
launched in 1998 through the collaborative efforts of UNESCO,
the Iranian Cultural Heritage Organization (ICHO) and the
Japan Trust Fund, is the ﬁrst of its kind in Iran. Indeed, this
landmark pilot project reflects ICHO’s new strategy of implementing long-term conservation programs. From the outset,
the project’s principal goal has been to adopt a multi-disciplinary approach combining modern scientiﬁc conservation
methods with traditional local practices. In keeping with this
objective, teams of young specialists, supervised by dedicated
and experienced experts from Iran and abroad, have achieved
outstanding results in the project’s various ﬁelds of research,
which include restoration, conservation, architecture, archaeology, documentation, environmental and material analysis,
and chemical and geophysical studies.
Considering the achievements of the project’s ﬁrst phase,
and particularly the success of the two training courses and
their positive impact both in Iran and the Central Asian region,
I am conﬁdent that the Haft Tappeh Center and the Chogha
Zanbil Workshop can function as permanent training and
research bases. Indeed, I am sure that the publication of the
results of the project’s ﬁrst phase coupled with the continued
progress in the current second phase will reinforce the role
of this outstanding archaeological site as an ideal environment for carrying out training and research in the ﬁeld of
earthen heritage conservation. Following the example set by
the Chogha Zanbil project, similar research centers have been
established in thirty major historical sites throughout Iran.
Lastly, I trust that this pilot project will serve to demonstrate
to the international community Iran’s technical and scientiﬁc
expertise in the ﬁeld of historic preservation.

Seyyed Mohammad Beheshti
Deputy Minister and Head of ICHO
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The reconstructed ziggurat according to Ghirshman

I

F

or over three thousand years, the Elamite holy city
of Dur Untash, today known as Chogha Zanbil, has
stood in magniﬁcent isolation on an immense plateau
in the present-day Khuzistan province of southwestern Iran.
Although Chogha Zanbil is situated in the region of the
famous ancient capital of Susa, this extraordinary site has
only revealed its secrets to archaeologists in recent times.
The research and excavation work carried out in the course
of the last 70 years have brought to light a city of exceptional
historical and architectural value.
Chogha Zanbil is considered the ﬁnest surviving testimony
to the once-great Elamite civilization. In addition, the spectacular centerpiece of the complex is the world’s largest
ziggurat and the last remaining one in Iran. Chogha Zanbil
was inscribed on UNESCO’s World Heritage List in 1979, and
in 1998 UNESCO launched a large-scale conservation project
in collaboration with the Iranian Cultural Heritage Organization
(ICHO) and the governments of Japan and Iran, which generously funded the project.
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The Elamite Civilization
Although the geographical extension of Elamite hegemony
varied over the course of its long history, Elam is generally
recognized as the area in southwestern Iran comprising the
lowlands of Khuzistan and the region of the Zagros Mountains
to the north and east. The principal cities were Anshan in the
present-day province of Fars, and the best-known Elamite site,
Susa, in the lowlands.
A proto-Elamite culture, known primarily through clay tablet
inscriptions, existed as early as the end of the fourth millennium. During the second half of the third millennium, the
Elamites fell under the domination of various Mesopotamian
states including the dynasties of Akkad and Ur. The kingdom
of Elam eventually emerged as an independent political power
thereby opening the most brilliant chapter in its long history,
the so-called Middle Elamite period (1450 – 1100 bc). The kingdom’s military conquests culminated in the invasion of Babylon,
during which numerous artifacts and monuments, including
the celebrated basalt stele bearing the code of Hummarabi
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(now conserved in the Louvre in Paris), were transferred to
Susa as war booty. This period also witnessed the flourishing of Elamite culture: the Elamite language was extensively
used in ofﬁcial inscriptions, and the ﬁnest works of Elamite
art, particularly metal sculptures and polychrome glazed
bricks, date from this period.
It was in this context of political and cultural supremacy
that the powerful King Untash Napirisha founded the holy city
of Chogha Zanbil. Elam’s heyday ended abruptly when it was
invaded by Nebuchadnezzar I of Babylon at the end of the
twelfth century bc. The ﬁnal chapter in the history of Elam,
the neo-Elamite period, has left few visible traces and was
characterized by instability, conflict and the looming threat
of Assyrian domination. Despite Elam’s attempts to forge
alliances with Babylonia, the Assyrian armies under the command of Ashurbanipal waged a series of ferocious campaigns
against the Elamites culminating in the well-documented sack
of Susa in 646 bc. Although Elamite culture and language
persisted over subsequent centuries, the former kingdom
gradually fell under the control of the Achaemenids, and eventually ceased to exist as an independent political and cultural
entity. Among the once-great Elamite cities, only Susa continued to prosper as an administrative capital particularly
during the reign of Cyrus the Great.

The Rise and Fall of Dur Untash
Ruler of Elam at the height of the state’s political supremacy
in the late fourteenth century bc, King Untash Napirisha decided
to found a holy city, which he named Dur Untash after himself. The city’s monumental temple tower, or ziggurat, was
dedicated to the Elamite gods, Inshushinak and Napirisha.
For the site of his future city, the king chose an uninhabited
expanse on the Susian plateau overlooking the River Dez some
40 kilometres from Susa.
Many specialists believe that King Untash Napirisha founded
the new royal city of Dur Untash with the intention of diminishing the political and religious influence of Susa within the
Elamite kingdom. The king possibly chose the site for its
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I, Untash Napirisha, king of Anshan and Susa, constructed the holy city of Untash
Napirisha in which I built a golden temple tower enclosed within an inner and outer
wall. I dedicated the city to Napirisha and Inshushinak. May these gods accept this,
the fruit of my labor, as an offering.
— Inscription from Chogha Zanbil

strategic location on the route to the mountains in order to
reinforce the link between the lowland and the highland regions
under Elamite control.
Construction of the holy city took place over the 40-year
period corresponding to the reign of King Untash Napirisha
in the late fourteenth century bc. In addition to the ziggurat
rising at the city’s center, the 100-hectare (247-acre) city
boasted several palaces and numerous temples devoted to
the Elamite pantheon. Among the remarkable works of art
and decorative elements that originally embellished the city’s
monuments are metal artifacts and statuary (including a
silver and electrum axe bearing the name of King Untash
Napirisha, the spectacular life-size bronze and copper statue
of his spouse, Queen Napirasu, and the 1.35m-high bull conserved in Teheran – see illustrations pp. 8, 9), polychrome
glazed wall plaques, large quantities of cylinder seals of faience
and glass, and thousands of baked bricks bearing inscriptions
commemorating the construction of the holy city and honoring the various divinities or the royal family (see above).
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Top and left – Northwest and southwest sides of the ziggurat before
and after 1950s restoration

Left and below – The ziggurat brought to light by Ghirshman in the
1950s
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At the time of King Untash Napirisha’s death, the city was far
from completed. Most of the construction activities ceased
after the king’s death, and subsequent rulers transferred
important artifacts to Susa. Although Elamite priests oversaw the temples, and pilgrims continued to visit the holy city,
Dur Untash was neglected and consequently fell into a long
decline that culminated in its sacking by the Assyrians around
640 bc. Henceforth the site was nearly completely abandoned,
even though a few settlements existed around Chogha Zanbil
from the Parthian to Islamic eras.

Re-Discovery
and Early Conservation Work
In 1935 a large mound was spotted during an aerial photography campaign conducted by geologists searching for oil
in the region. The French archaeological team working in Susa
was informed of the discovery and, without much difﬁculty,
identiﬁed the site as the holy city of Dur Untash described on
brick inscriptions found locally. It was at this time that Dur
Untash was named Chogha Zanbil, meaning “basket mound”
in the local dialect, in reference to the large central hill resembling an upside-down basket that concealed the ziggurat (see
illustrations p. 12).
With the permission of the Iranian Government, the
French archaeological mission headed by geologist Roland
de Mecquenem supervised the preliminary exploration,
surveying and excavation of the site from 1936 to 1939. The
principal archaeological work – unearthing, restoring and
reconstructing the ziggurat and other major monuments and
the discovery of artifacts – took place under the direction
of the distinguished French archaeologist Roman Ghirshman
in a series of nine annual campaigns between 1951 and 1962.
Subsequent conservation work carried out by Iranian teams
centered on the repair of the ziggurat.
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Building Materials and Construction
Brick
The architects of Chogha Zanbil used the Near East’s traditional and most readily available building material: earth.
Mud bricks, by far the most common medium used throughout the site, were either square (ranging from 36 x 36 x 8 cm
to 40 x 40 x 10 cm) or rectangular (from 36 x 18 x 8 cm to 40 x
20 x 10 cm).
Baked bricks of the same dimensions were used for vaults
and drainage gutters, pavements, and other architectural and
decorative features. Fired in a kiln, the bricks could be glazed
or inscribed for ornamental purposes. In certain cases, particularly where additional reinforcement was required, a
mixture of mud bricks and broken baked brick was used.
Brickmaking
The age-old technique of brickmaking has hardly changed
over the 33 centuries since the construction of Chogha Zanbil.
Traditionally brick production takes place in May and June,
when rainfall is scarce and straw plentiful. The bricks were
generally made near a source of water (the builders of Chogha
Zanbil used the banks of the nearby Dez River). The basic
ingredients – soil, straw and water – are vigorously mixed
using hands, feet and/or tools. After settling for a short time,
the mixture is poured by hand into a wooden mould placed
directly on the ground, which has been covered with a layer
of sand or straw. Once the brick’s corners and surfaces are
smooth and even, the mould is jerked with a rapid movement,
leaving the disengaged mud brick. After drying in the sun for
approximately four hours, the mud brick is turned on its side
and remains in the sun for additional drying up to two days,
after which it can be used for construction. Using this ancient
method, a single brick maker can produce from 800 to 2000
bricks per day depending on the size.
Mud bricks made in this way are then ﬁred in an on-site kiln
to obtain baked or ﬁred bricks, which are far more resilient
than unﬁred bricks. The baked bricks can in turn be glazed or
inscribed. Glazing requires covering the baked brick with a
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Fragment of an original glazed brick

A terrace of the ziggurat protected with kâh-gel plaster

- Brickmaking -

blue or green lead glaze before reﬁring it. The inscriptions
found on bricks at Chogha Zanbil were engraved by hand.
Other Materials
To bind the bricks, Elamite builders used 22 different mortars
containing primarily bitumen, gypsum, lime, clay and wood
chips. The composition of the mortar varied according to the
position and the function of the brick. Wood was used in the
construction of city gates and the doors of the palaces and
temples. Grooved woodwork and glass ornaments adorned
certain doors of the city’s most prestigious monuments.
Construction Features
On-site investigation has revealed numerous noteworthy
features that attest to the skill of Elamite architects: monumental stairways, arches, terraces, and vaulting for doorways,
kilns and tombs. The site also contains freestanding circular
baked-brick constructions (called postaments or pedestals –see
illustrations pp. 16, 26) in which votive statues were probably
displayed.
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Northwest stairway of the ziggurat and postament

Vault above the southwest stairway of the ziggurat
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A reconstructed water channel on the ziggurat’s northwest facade

Water Supply and Drainage System
Chogha Zanbil’s remarkable hydraulic systems bear witness
to the technical prowess of the builders of the holy city.
According to some scholars, Elamite architects and engineers
constructed a long canal from the Kharkheh River to supply
the city with water. An ingenious system of reservoirs, treatment devises and canals then distributed the drinking water
throughout the city.
To protect the ziggurat from torrential rainfalls and the inherent fragility of the bricks, the Elamite builders integrated a
sophisticated drainage system in the ziggurat’s overall design.
Evacuation gutters lined with bitumen ran along the four sides
of the construction carrying rainwater to the ground level
where it was evacuated.
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Exploring the Site
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Site Layout
Occupying a total area of 100 hectares (1 sq. km. or 247 acres),
the Chogha Zanbil site is divided into three distinct zones
separated by concentric walls. The inner zone is centered on
the ziggurat, or tiered tower, and includes a series of temples
devoted to principal Elamite gods as well a large open courtyard. This central zone is enclosed by a wall that originally
measured 520 metres and had six gates.
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The roughly rectangular-shaped middle zone, which Ghirshman
named the temenos, is surrounded by a wall that originally
measured 1,625 metres long and 10 metres high. Four gates
led from the temonos to the outer zone. The temenos was
designed to accommodate temples dedicated to some 25
Elamite gods, but remains of buildings have been found in
only a small portion of this area presumably owing to the fact
that the city was left unﬁnished. Many of the original constructions have completely disappeared over the centuries
as a result of damage caused by torrential rains. The outer
zone, the largest of the three zones, was originally enclosed
by a 4034-metre wall that followed the natural contours of
the surrounding hills and contained two or three gates.
According to the latest archaeological studies, this vast zone
is believed to have been a residential area. The royal palaces
and the reservoir are located in this zone.
The Ziggurat and the Inner Zone
The centerpiece of the religious complex at Chogha Zanbil is
the imposing tiered tower temple or ziggurat. This impressive
sanctuary was built in two distinct phases (see illustrations
p. 21). Originally, the structure consisted of a one-story square
temple of mud brick measuring approximately 95 metres on
each side and constructed around a central courtyard onto
which several chambers opened.
During the second phase, the ziggurat took on its deﬁnitive
appearance. Its square base measures approximately 105
metres on each side. The four corners are aligned with the
four cardinal points. According to Ghirshman, the original
structure built during the ﬁrst phase was surmounted by four
increasingly smaller stories, resulting in a ﬁve-tiered stepped
construction (see illustration p. 7). Only the ﬁrst two stories,
reaching a height of 25 metres, have survived. Ghirshman
estimated that the third and fourth stories measured 32 and
44 metres respectively, and that the ziggurat’s summit stood
52.6 metres high. A single stairway in the middle of each of the
ziggurat’s four sides led to the top of the ﬁrst story. Only the
southwest staircase continued to the second story and probably provided the sole access to the summit, where the main
temple dedicated to Inshushinak and Napirisha once stood.
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Construction phases 1 and 2 according to Ghirshman

Although no remains of this upper temple have survived,
references to it have been discovered in ancient texts and in
brick inscriptions found on site.
The ziggurat’s mud-brick core was faced with baked bricks.
The upper sections were probably decorated with blue and
green glazed bricks (see illustration p. 15) containing gold and
silver, thereby producing the glowing aspect described in certain inscriptions. The ziggurat’s façade was enlivened by a
row of inscribed bricks every tenth row. Inscriptions mention
King Untash Napirisha, the monument’s founder, as well as
the gods to whom the temples were dedicated and issue warnings to anyone daring to harm the monument. On the ﬁrst level
of the ziggurat’s southeast side, two temples dedicated to
Inshushinak were discovered: Inshushinak A, near the south
corner, consisting of three interconnected chambers, and,
Inshushinak B, near the east corner, with a row of ﬁve chambers and doorway leading outside the ziggurat.
An irregularly shaped courtyard designed to accommodate
pilgrims and to conduct religious ceremonies surrounds the
ziggurat. Close to the ziggurat in the northwest section of the
21

Above – Inshushinak B Temple. Left – A reconstructed portion
of the inner wall. Opposite – Aerial view of the site, 1950s.

inner zone stood a temple complex dedicated to three important divinities: Gal and the goddesses Kiririsha and Ishnikarab.
The remains of two square temples were discovered just outside the inner wall in the vicinity of the south and west gates.
The Middle Zone
Much of the temenos, or ‘sacred precinct’, has been damaged
over the centuries by rainwater running down the zone’s uneven
terrain. The largest construction in this zone is the temple
complex situated in the east corner of the temenos comprising four sanctuaries, three of which are similar in design: the
temple dedicated to the fertility goddess Pinikir, the adjacent
structure honoring Shala and the storm god, Adad (also known
as IM), and the temple dedicated to Shimut and Nin-Ali.
The fourth temple, designed for the worship of a group of
deities called the Naprateps, has sustained considerable damage. Along the middle wall, not far from the King’s Gate, stand
the remains of the Nur Kibrat tower. A smaller complex devoted
to the gods Hishmitik and Ruhuratir was discovered in the
northeast sector of the temenos.
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Hypogeum Palace, Room II (left), Tomb IV entrance (center) and interior (right)

-- Opposite – The reservoir -

The Outer Zone
Like the temenos, this zone has sustained considerable rain
damage, and the few surviving monuments are found in the
more elevated east sector. Most impressive are the remains
of three royal palaces. Excavations under one of these constructions, known as the hypogeum palace, revealed ﬁve royal
tombs that were covered by arched vaults and accessed through
different chambers of the palace. The tombs, thought to have
preserved the remains of members of the king’s entourage,
have provided valuable information about Elamite burial rites.
The T-shaped temple situated southwest of the palaces was
dedicated to the ﬁre god, Nusku.
On the northwest side of the outer wall, archaeologists
discovered a hydraulic complex consisting of some canals and
a reservoir measuring 10.70 meters long, 7.25 meters wide
and 4.35 meters deep (see illustration p. 24). Some scholars
believe that this reservoir was fed by the Kharkheh River via
a 50-kilometre canal specially built for the new city. Drinking
water was distributed throughout the city by a system of small
canals.
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Right – The ICHO-RCCCR Chogha Zanbil research team
Opposite – Postament on the southwest side of the ziggurat

The International Project
for the Conservation of Chogha Zanbil
Conservation Challenges
From the outset, the task of conserving Chogha Zanbil has
been extremely challenging. Despite decades of excavation
and scientiﬁc research, the entire site has deteriorated owing
to the inherent fragility of the principal building materials, but
also from several environmental factors such as heavy rainfall,
humidity, wind, salt efflorescence and temperature variations.
In addition, eight years of war between Iran and Iraq in the
1980s has caused further destruction, primarily due to neglect
and lack of maintenance.
The Preliminary Phase
In 1995, two UNESCO missions, organized in collaboration
with the Iranian Cultural Heritage Organization, the Japan
Trust Fund and the International Center for Earth Construction
(CRATerre-EAG), were carried out with a view to drafting a proposal for the conservation of Chogha Zanbil.
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After analyzing the site’s state of preservation, experts proposed preliminary guidelines for implementing emergency
preventive conservation measures before developing a program
for sustainable conservation. Considering the degradation
caused by rainwater overflow and the malfunctioning drainage
system, arresting the deterioration of the site’s principal
structures became the main priority. Investigation focused on
the ziggurat, especially its upper sections, terraces, monumental doors and stairs, but also dealt with the two most
important structures in the outer zone: the hypogeum palace
and the reservoir. During this preliminary stage, a set of four
guidelines for the conservation of the site’s earthen fabric
were recommended for a 5-year period:
1. Improving building and protective materials, particularly
mud bricks and a traditional wall covering of clay and straw
known as kâh-gel plaster.
2. Deﬁning more durable protection and consolidation devices
in order to stabilize the erosion process, to protect the
peak of the ziggurat and restore the terraces. The development of a speciﬁc research program on surface protection
was also recommended.
3. Consolidating and restoring all water gutters and ducts. It
was considered urgent to restore the entire exterior water
drainage system including aerial ducts as well as all
gutters embedded in the body of the earthen structures in
order to more efﬁciently channel the rainwater overflow
to the courtyard surrounding the ziggurat. It was also
recommended to design and install exterior collecting and
evacuating drains based on ancient methods known from
archaeological research.
4. Protecting all walls showing advanced decay by deﬁning
and implementing an emergency maintenance and protection plan for the safeguarding of many portions of the
original structures exposed to major risks of imminent
collapse or disintegration.
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Above – The Chogha Zanbil Workshop
Left – Laboratory facilities at the Haft Tappeh Research Center

Phase I
The funding of the first phase of the International Project for
the Conservation of Chogha Zanbil was provided by the Japanese
Government, which donated US $500,000 and by the Iranian
Government, which contributed US $800,000 in funds, labor
and equipment. The project was launched in 1998. During this
phase, the priorities were clearly deﬁned: conducting research
on conservation methods and experiments on various on-site
building materials, training Iranian specialists, as well implementing emergency conservation measures. A permanent
team of scientists and technicians was appointed by ICHO and
the Research Center for Conservation of Cultural Relics (RCCCR),
and subsequently, a research center was established on the
premises of a former archaeological museum at Haft Tappeh,
a few kilometres from Chogha Zanbil. The facility currently
houses administrative, research, computer, library and laboratory facilities and can accommodate up to 20 residents.
On-site activities take place directly at the Chogha Zanbil
Workshop Ofﬁce, where materials are analyzed and stored.
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The research program was launched in February 1999. A series
of important decisions were made at that time. Most urgently,
the team decided to:
- regulate public access to the ziggurat by closing all main
gates and stairs.
- begin a recording and documentation campaign covering all
components of the site.
- undertake a full and detailed condition survey of the structural and humidity pathologies, an indispensable basis for
analyzing the state of the site and making diagnoses that
would guide subsequent emergency repairs, consolidation
interventions and maintenance work.
A specially designed program of comprehensive analyses of
all earthen materials was launched in the laboratory of the
Haft Tappeh Research Center and at RCCCR in Teheran.
Emergency Conservation Work
The principal emergency measures included:
- Restoration and consolidating of the eroded or partially
collapsed brick walls, capping of the existing excavated
trenches and plant removal on all terraces.
- Conservation of the areas covered by mud-brick using kâhgel plaster and appropriate surface sloping.
- Evacuation and drainage of the rainwater stagnating in the
temples. Clearing and cleaning of the original drainage gutters and installing new temporary water channels based on
the original Elamite design in order to restore the proper
functioning of the water drainage system and to control the
erosion process.
- Road and path construction, creating on-site signage, visitor
itineraries and services, installing a lighting system and recruiting security guards to ensure the protection of the site.
Research on Bricks, Mortar and Earthen Structures
The main objective of the research conducted within the framework of the ﬁrst phase of the project was to determine the
most suitable conservation methods while taking into account
available traditional practices and modern technology.
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- Mortar tests -

Vegetation invades the site each year

Geological and ecological surveys - A comprehensive geological survey and a mapping project have been undertaken
by the team in order to identify all mineral components of
the local substratum. These studies have demonstrated the
signiﬁcant role of the geologist in a large-scale architectural
conservation program and, more speciﬁcally, the geologist’s
ability to identify suitable local soil for mud brick and mortar
production.
New quarries of clayey soil matching the characteristics of
the original earthen fabric have been identiﬁed on the site.
As a result, soil extraction and transportation have been greatly
facilitated. Further geological investigation has uncovered a
well, which has proven indispensable for the production of
building materials.
Ecological investigation has concentrated on the study of
natural factors such as wind, rain, humidity and soil formation. Other subjects studied have included the vegetation of
the Dez River, the area’s wildlife and the social and economic
issues that impact the site.
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Soil and mud brick analysis - Historical research on earthen
building material has been associated with a large spectrum
of laboratory analyses including grain size distribution, X-ray
diffraction, spectroscopy, chemical analysis of salts and
numerous physical tests.
Experiments on building mortars - The theoretical and experimental program has enabled experts to identify 22 different
mortars on the site, including various mixtures of mud, sand
and clay, gypsum, lime, calcite and bitumen. Components,
such as calcite, that are potentially harmful to building stability, have been identiﬁed through petrographic analyses.
The study of the erosion processes – including the mapping
of all observed problems on the structures – has conﬁrmed
the essential role of environmental factors, mainly rain and
humidity. Soils were systematically tested for water saturation, surface and volume shrinkage, water erosion, humid and
dry compressive strength, capillary absorption, abrasion and
salt cleaning. Subsequently, mortar samples were tested on
experimental walls built on the site and exposed to local environmental conditions. These experiments have conﬁrmed the
performance of the traditional Elamite mortar composed of
sand and piled baked brick with straw and 5% lime. Other
experiments conducted on bonding mortars have demonstrated the strength of traditional gypsum mortars. Similar
research will focus on the use of natural limestone for local
production of gypsum and lime.
Surface protection and consolidation - Given the critical role
of rainfall in the ongoing erosion of kâh-gel plaster, it was
necessary to implement studies designed to improve the durability of the materials and to reduce erosion and the adverse
impact of environmental factors. A series of experiments on
the stabilization of the soils used for capping has included
the use of local clay and sand and waste products from the
regional sugar and paper industry. A study of the optimal
contents of stabilizers has been made by testing samples
through various processes such as water immersion, erosion
caused by rainfall and capillary absorption, dry compressive
strength, shock-prooﬁng by impact and volume shrinkage.
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- Right – Testing kâh-gel plaster -

Below – Test walls for monitoring mortar performance

Comparative tests on resistance to biological agents (termites)
have also been performed. Field-testing has been done on
mortar slabs and plastered walls exposed to local environmental factors in order to analyze shrinkage under wet and
dry cycles, surface erosion and adhesion on mud bricks. The
results of these studies will lead to a new phase of experiments and monitoring that will allow large-scale testing of
various reversible surface protection mortars, particularly on
the upper sections of the ziggurat, whose regular maintenance requires durable and inexpensive solutions.
Brick morphology and pathology - The complete typology of
original mud and baked bricks has been recorded. Deterioration
from rain, humidity, and daily and seasonal temperature variations has been analyzed as well as problems of salt crystallization, mechanical erosion caused by tourists walking around
the site, the impact of atmospheric pollution and biological
decay resulting from moss and algae. Optimal temperatures
for brick ﬁring have also been studied. Numerous laboratory
tests conducted on samples of original bricks have conﬁrmed
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the presence of sodium nitrates, which affect water absorption and porosity. Chemical analyses have enabled experts to
identify the full spectrum of chemical components. Petrographic
tests have conﬁrmed the presence of calcite and gypsum,
which affect porosity, while analyses of brick coloring have
revealed useful information about ﬁring temperatures.
Baked brick production – This project has fostered the development of research on traditional baked brick production in
Iran. An extensive survey of all types of traditional furnaces
and baked bricks production in Iran has been undertaken, not
only in Khuzistan but also in Khorasan Province in eastern
Iran, and around Isfahan and Qom, where traditional and
industrial brick production is common.
In the framework of this survey, the Chogha Zanbil research
team has been asked to experiment with on-site ﬁring of bricks
by building a traditional furnace based on regional practices
(see illustration p. 35). Samples of local clayey soil have been
used to mould bricks of different sizes. The resulting bricks
ﬁred with wood at a controlled temperature during eight days
were tested on the site and in the laboratory. The bricks
studied vary considerably with respect to coloring and salt
efflorescence. The best results have been obtained with clayey
soils from the banks of the Dez River, which have a lower
sulfate content.
Documentation and Archaeological Research
In addition to extensive laboratory and on-site research, comprehensive documentation of the site has been undertaken,
including the collection of geological and topographical maps
and aerial photography, the recording of information on the
thousands of inscribed bricks, and the various materials and
conservation methods employed at different periods. The
team has also recorded data on the existing state of the
site and seasonal excavations. Different scale models of the
ziggurat and other monuments have been built. In addition,
historical research has been conducted on the roads leading
to Chogha Zanbil and the ancient city’s relations with other
Elamite centers.
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A traditional kiln built on site as part of the pilot program for local
baked-brick production.

Training
From the outset, education and training have been considered key components of the Chogha Zanbil project. Short
courses focusing on both practical and theoretical aspects of
conservation have been organized through the co-operation
of national and international research and educational institutions. Many young conservation specialists have acquired
valuable training through seminars on the safeguarding and
management of earthen heritage structures.
In February 2000, the ﬁrst On-site Training Workshop on
Conservation of Earthen Heritage and Management was organized at the Haft Tappeh Research Center and at Chogha Zanbil.
This workshop brought together 26 Iranian professionals –
architects, conservators, archaeologists, civil engineers,
chemists and geologists – employed by ICHO-RCCCR as members of the Chogha Zanbil project team or other conservation
projects in Iran. The main purpose of the workshop was to
teach methodology and disseminate the scientiﬁc tools required
for implementing tests and analyses on the earthen materials,
both on-site and in the laboratory. Among the principal themes
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Participants of the ﬁrst National Training Workshop (FebruaryMarch 2000)

studied were soil analysis, stabilization methodology, earthenbuilding techniques, decay processes, typology of earthen
conservation practices, maintenance, monitoring, and conservation planning. The course struck a balance between
classroom teaching and on-site activities to enable participants to elaborate research projects specially adapted to
Chogha Zanbil.
The First Regional Course on Conservation Practices for
Safeguarding of Archaeological and Historical Earthen Heritage
took place in February and March 2002. The 18-day seminar,
held in Chogha Zanbil and Haft Tappeh, was attended by 28
participants from various parts of Central Asian including
Azerbaijan, Kazakhstan, Kyrgyzistan, Tadjikistan, Turkmenistan and Iran. The course contributed to developing greater
institutional and professional awareness and a common
methodological and theoretical approach to the conservation
of the earthen architectural heritage shared by many Central
Asian countries.
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Participants of the ﬁrst regional course (2002) in the ﬁeld

On-site investigation continues…

Phase I – Conclusions
The ﬁrst phase of the project was concluded in late 2002 with
the elaboration of a General Plan of Conservation that will
guide future restoration work. The Project for the Conservation
of Chogha Zanbil is an exemplary pilot project in many respects.
In addition to contributing directly to the preservation of
a World Heritage site, this is the ﬁrst earthen architectural
conservation project in Iran, a country with a rich heritage of
historical sites constructed in brick. This project has already
opened new paths for sustainable conservation, not only in
Iran but also beyond the country’s borders thanks to the
regional courses. The approach developed at Chogha Zanbil,
associating professional training, scientiﬁc research and onsite experiments, will be most useful in meeting the national
challenge of preserving its unique cultural heritage. Indeed
one of the most far-reaching results of the project has been the
creation of an extremely motivated and dynamic team of PhD
students, young professionals and scientists, who are eager
to continue this impressive program of documentation and
research in the project’s next phase.
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Preserving for the Future – Phase II
To fully beneﬁt from the momentum of the successful ﬁrst
phase and to ensure the further implementation of the research
and conservation work in progress, a second phase has been
launched in 2003. Funding for Phase II has been provided
by the Government of Japan with another contribution of
US $500,000, and by the Iranian Government and ICHO, which
pledged additional ﬁnancial support.
This phase is scheduled to extend over three years and will
result in the creation of a long-term site management plan.
The principal activities will focus on documentation, surveying, conservation, structural consolidation, archaeological
excavations, equipment upgrading and training.
Documentation - The Haft Tappeh Research Center will develop
its holdings of scientiﬁc and pedagogical literature. Geographic,
topographic and photogrammetric surveys will be completed.
All conservation work and methodology undertaken will be
documented by written reports and photographic and video
records. In-depth analysis of the collected documentation will
be carried out in order to provide a better understanding of
the historical and environmental context of the site with a view
to elaborating long-term sustainable conservation solutions.
Conservation and structural consolidation - In accordance
with the General Plan for Conservation, restoration work will
concentrate on the consolidation of the most deteriorated
portions of the ziggurat (terraces and the drainage system),
the courtyard, the inner wall, the hypogeum palace and its
tombs, the reservoir and the northwest and southeast gates.
The consolidation of baked bricks will be undertaken in collaboration with brick specialists and will require additional
on-site experiments on mortar to determine the most appropriate and cost-efﬁcient solutions.
Archaeological excavations - Excavations will be carried out
in several areas of the site including the courtyard around the
ziggurat, the reservoir and the palaces.
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Upgrading equipment - Laboratory equipment will be improved
(additional soil analysis tools are urgently needed) and equipment deemed necessary by the General Plan of Conservation
will be purchased.
Training - The project calls for two six-week fellowships at the
TERRA-UNESCO Chair at the CRATerre-School of Architecture
of Grenoble (France), or another institution, in the ﬁeld of conservation of earthen structures, for two staff members of ICHO.
A second Regional Course on the Conservation Practices for
Safeguarding of Archaeological and Historical Earthen Heritage
will be organized in 2004.
During Phase II, a tripartite review meeting with representatives from the Japanese and Iranian Governments and UNESCO
will be held on a yearly basis or whenever deemed necessary.
At each meeting representatives will allocate the budget for
various project activities. A ﬁnal review meeting will be held
at the end of the project.
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