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Glazed Bricks in the Achaemenid Period

Glazed bricks are an important element in Achaemenid royal art
and architecture. According archaeological evidence this technique
was widely used from the beginning of the reign of Darius the
Great, about late 6th century BC.

The main centres of Achaemenid period like Susa, Persepolis and
Babylon started to use glazed bricks for new structures and
buildings. Nowadays we may suggest that producing glazed bricks
in Achaemenid period begun at Susa and then spread to Persepo-
lis. Susa received the main concentration for creating glazed panels
to adorn walls with polychrome glazed bricks.

Basically Darius re-activated Susa, the ancient Elamite capital by
rebuilding the city that was damaged by Assyrian soldiers under
Assurbanipal in the 7th century BC. The ancient royal city was not
only revived by Darius, but after erecting the royal centre it acqui-
red more than its lost glory and became one of the main centres
of the Achaemenid vast empire. 

With a strong governmental and financial support, a large number
of the best known artisans from all corners of the Persian domain
including different countries under the Achaemenid Empire, gathe-
red in Susa and started to use their skills in an universal collabo-
ration1. When a certain amount of the work was finished at Susa,
some of the artists might have moved shortly afterwards from Susa
to Persepolis and used their skills to create the most glorious struc-
tures of the empire bearing glazed friezes.

The first archaeological excavations at Susa were started by Jean
and Marcel Dieulafoy in the late 19th century in which a large num-
ber of glazed bricks were found (Potts 1999, 330).

The recovery and study of Susa glazed bricks continued until today.
Unfortunately almost the great amount of the collection was not
found in their original location but they have been reused in other
structures in later periods (Caubet 1992, 224). But some other
fragments were found in the area where they have been fallen, like
the courtyard or the north wall of the eastern court (Caubet 1992,

224). Later the excavations by Erich Schmidt at Persepolis gave
another clear evidence for the beauty of the Achaemenid palaces
in which the glazed bricks had decorated the walls (Fig. 1).  

The Wall Decorations

Darius has left a foundation inscription at Susa and he has descri-
bed his architectural activities in that text. In this inscription after
he mentions Babylonians who wrought the baked brick, he refers
to the Medes and Egyptians who adorned the wall which means
they made wall decorations (Kent 1953, 144; Potts 1999, 328). If
Darius did not mean the glazed bricks which were a masterpiece in
his royal palaces, therefore there would be a missing part in Darius
text for the important decoration of the walls (Fig. 2). On the other
hand the glazed bricks actually are to adorn walls and they are a
wall decoration in its complete meaning. 

In his inscription first Darius refers to Babylonians who made
(baked) brick and just after that he speaks about those who ador-
ned the wall. To show the procedure in his inscription he mentions
every work in turn and what he refers to, likely is the process of
making wall decoration with glazed bricks. Also we have to remem-
ber that the glazed bricks are the only architectural element that
needed to be baked and the rest of the buildings and palaces were
made of mud-brick.

Another proof for supporting this idea can be found by the study
of artistic styles of the images on the glazed bricks. Darius speaks
about Egyptian artists who adorned the wall, we can clearly find
some elements, which have been drawn in Egyptian style. Basically
the images in glazed bricks, especially human figures are designed
by the order and instructions of Persian royal designers as a basic
model. In general the whole design seems to be melted in a uni-
que style, but in some cases by analysing details we can come
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across specific artistic elements. In the drawing of some motives,
although they look very much Persian, the Egyptian drawing style
can be recognised. For example a winged disc is very much like the
representation of the Egyptian god Horus as a winged disc2. This
artistic style is amalgamated with another artistic element that per-
haps could be Median, as mentioned by Darius. These different
styles together represent a Persian royal fashion design. 

Susa friezes are also parallel to Achaemenid stone reliefs at Perse-
polis. Stone reliefs are actually decorating the walls of the palaces
and thus they can be recognised as wall decorations. At Persepolis
some images were chosen to decorate the walls of the palaces but
in stone, and in Susa the images are parallel to those at Persepo-
lis. 

Historical Background

During archaeological excavations at Dur-Untashi, modern Chogha
Zanbil, some examples of glazed bricks from Middle Elamite peri-
od were found by R. Ghirshman (1966, 110-111). They are dec-
orated and painted on one peripheral surface and being glazed and
used on the walls. These bricks, like inscribed bricks, could make
a continuous chain of circles like a belt around architectural fea-
tures at Chogha Zanbil. There were also other examples like glazed

decorative pegs with inlays made of glass paste in the shape of a
round eye3. The pegs usually were glazed with a green-blue colour
glaze. At the same time in Chogha Zanbil, a similar glaze was also
applied for statues like the statue of a sacred bull (Ghirshman
1966, 49-50, pl. XXXIII-XXXIV ).

In the Middle Elamite period at Susa, moulded un-glazed bricks are
more common, but very much like the Achaemenid period, each
brick is a part of a complete scene. After that period, the same tra-
dition re-appeared in Neo-Elamite period (Heim 1992, 206), but
still no archaeological evidence has yet been found to confirm the
continuity of the old manufacturing technique to Neo-Elamite per-
iod and then to Achaemenid period (Haerinck 1973, 118 f.). Per-
haps the same tradition was followed in other parts of Elamite ter-
ritory after the fall of the centres, such as Susa and Chogha Zanbil.
But main reason is the lack of excavations to confirm the exact
situation. Some examples found in Susa, including a polychrome
glazed plaque, which was found with coloured rosette knob as an
attachment of these plaques to the wall (Heim 1992, 207). 

There is evidence from the Iron Age for use of painted bricks that
can also be recognised as tiles. From the Median site of Baba Jan
a number of monochrome painted tile-shape bricks were found
(Goff 1969, 128f.). Other examples have been discovered from
other Iron Age sites such as Ziwiye, Hasanlu and Bukan (Malek-
zadeh 2001, 138). In Bukan they represent polychrome designs
including images of animals and mythical creatures. 
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In Neo-Babylonian period many glazed bricks were produced to
adorn walls. The Babylonian glazed bricks were found at the Ish-
tar Gate and the palatial structures with the images of walking
animals. 

In Achaemenid period the usage of glazed bricks reached to its
peak, both in technique and the design. The glazed friezes first
appeared at Susa, perhaps by the instructions of designers and
engineers of Darius as a decorating element for new royal palaces. 

Comparison of Susa and Persepolis

Basically Susa is located in an area without stone resources. For
constructing the royal buildings of Susa, Darius has imported stone
for the columns from a village called Abiradush (DSf: Kent 1953,

144). Therefore stone was not an economical and reasonable
material to be used for decorating the walls and representing the
royal reliefs at Susa. Therefore Achaemenid designers at the royal
palaces of Susa preferred to use glazed and un-glazed bricks to
decorate the walls. 

But unlike Susa, Persepolis was built on a rocky bed and laid back
to a limestone mountain with access to many stone resources in
the region. Therefore the designers could use plenty of stone
carvings instead of glazed bricks. At Persepolis glazed bricks were
also used but in lesser extent. Susa was built with more glazed
bricks and lesser stones, and Persepolis was made with stone and
lesser-used glazed bricks. After receiving paint the stone reliefs
could become like the glazed bricks with a similar function (Frank-
fort 1954, 267). But of course they were probably not as shiny as
the glazed bricks.

The glazed bricks are also different in style. At Susa there are many
fragments that represent human and animal figures. 

The human figures include the images of the so-called Susian sol-
diers and of course Royal images (Canby 1979, 315-320, Plate 50).
There are also images of individuals carrying things ascending the
staircase of the palaces. There are also some other miscellaneous
fragments showing other individuals like a wreathed man (Musca-
rella 1992, 238, fig.166). 

At Susa many other fragments were found representing animals
and mythological or symbolic beings. At Persepolis there is no evi-
dence of a human or animal representation on glazed bricks. But
the same iconography can be found on stone. 

Material, Shapes and Variations

A huge number of glazed bricks at Susa and all the glazed bricks
from Persepolis are siliceous bricks with a mixture of sand and lime
that have been fired up to three times for making the brick, its
painting and glaze (Caubet 1992, 223; Haerinck 1997, 30). Achae-
menid bricks from Babylon are also made from the same material
(Haerinck 1973, 118) and other bricks from Borsippa (more seem
to be Achaemenid than Neo-Babylonian) are clay baked bricks
(Reade 1986, 110, pl. 15a-b). Usually the designs on the glazed
bricks are outlined with a black paste and then they received the
rest of the paint and the glaze. Probably the bricks had a prelimi-
nary coating on their surface.

They were produced in different shapes due to their function. For
forming a panel with a number of bricks, the architects needed to
use mortar and sometimes asphalt, to join the bricks. Because each
brick is a part of a scene and the fragments had to join together
closely, if mortar was applied then a gap was made between the
bricks and the scene would stretch. Also without mortar, the wall
could not be erected. For solving this problem, the upper surface
of each brick was made in a wedged shape with a slipped surface
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on the top. Then the outside edges of each brick could join to other
brick and in behind there was enough space, provided for the mor-
tar (Fig. 3). But in the case of other bricks like some inscribed
bricks, there was no need to do so. Because each of those was a
separate register and they could have a thin layer of mortar in be-
tween and also on the facade. Therefore they were made in a nor-
mal rectangular shape of a brick.

Some other forms of glazed bricks were produced as a pavement
or as top of stepped-shape parapets that had four decorated late-
ral sides. These types of bricks were attached only with their lower
surface. 

Place of Their Usage

Because the glazed bricks at Susa might have been used in a lower
level on the palace walls, they have to be designed from the begin-
ning of designing the palace. They are not ornaments but they are
clearly bricks that were placed in the wall. 

According to excavators at Persepolis, such as Schmidt, the broken
fragments of glazed bricks were found in the area between the

southeast tower of the Apadana palace and the northwest of the
Tripylon Gate (Schmidt 1953, 77-78). Scholars thought they might
be the decorating façade of the Apadana towers at the top and
they were scattered in that area after the collapse of the tower
(Schmidt 1953, 78). Persepolis is located in a mountain region and
still receives huge amount of rain and snow every year starting
from the autumn. The size of the water channels of the Persepolis
palaces shows that they have been designed to flow away a huge
amount of water from the roof. But some would think if glazed
bricks were used outside a building on the façade, they would
apparently have received damage after few times of raining. Be-
cause they are decorative architectural elements and were designed
to be used in the structure, they could easily damage the whole
building and could not resist much against the water. This is
caused by a different climate comparing to Babylon. But mud-
bricks were also used for the walls and they could have the same
problem. Therefore we should think about a strong mortar or a
strong covering material for mud-brick façade, which could resist
such condition. But the glazed bricks could stand with their glaze
against the rain and protect the colours and the wall.

From the other point of view glazed bricks were not used for an
internal space of towers, since they could have a minimum view.
The size of drawing lines shows that they were designed to be vi-
sible from a distance. By considering all these facts we may sug-
gest that possibly the glazed bricks might have been used on the
façade of the towers, both outside and under the portico which was
a roofed and covered area and was also more protected from the
rain and snow.

To compare this with Susa, we have no evidence to prove the same
situation for the Susian glazed bricks, which are also iconographi-
cal different from Persepolis. 

At Susa, because of some problems like reusing the glazed bricks
in later periods, many of them have not been found in their archae-
ological context. A few remnants of the friezes were found at their
original site, but their location is still problematic. Some fragments
have a smaller size and due to this we may suggest that they might
have been used closer to the ground level or even used at the sides
of the walls above the floor.

There are different suggestions about positions of the glazed bricks
at Susa. Some of those belong to staircases. The famous sphinxes
might have been used in between of two window frames, on pilas-
ters or lunettes above windows or doors (Caubet 1992, 224), or
even inside niches (Fig. 4). The Susian guards were found in an
area near the entrance of the palace in the West Side of the cour
est (Mecquenem 1938, 323-324) and the cour ouest with griffins
and winged bulls (Muscarella 1992, 217).

Dating

The exact date for starting major architectural projects at Susa is
not clear enough, but it must have started after the second year of
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Darius the Great, when he had gained the control of the whole
Empire. A fragment of a glazed brick can be a piece belonging to
another Bisotun relief that was made for Susa in glazed bricks
(Canby 1979, 315-320, Tab. 50). This fragment can be dated to
521-520 BC (Muscarella 1992, 218, No. 2) or even 519 BC because
preparing a building until its finishing, designing its decorations
and inviting artists needed a longer procedure. 

Before completion of the palaces at Susa, Darius decided to start a
new project at his ancestral homeland Pars (Ghirshman 1964,
147). Then perhaps the artists, who worked on the Susian work-
shops for producing glazed bricks, were moved to Persepolis to start
a new project. This can be understood from hundreds of fragments
of glazed bricks found at Persepolis, which are made exactly in the
same style like Susa. The sizes, shapes, methods and techniques
are the same, even the architectural signs for positioning the bricks.
Unlike the stone sculptors of Susa were not the same people
working at Persepolis, because their style and techniques are ent-
irely different. 

But for glazed bricks, this is a good evidence for dating parallel
bricks. Artaxerxes II informs us that the royal palaces were burned
in a fire in the reign of his grandfather Artaxerxes I and he has
rebuilt the palaces again (Kent 1953, 154). Therefore the glazed
bricks may be recognised as the products of the time of Artaxer-
xes II and not Darius, because the bricks had been destroyed in the
fire (Ghirshman 1964, 140, 142). 

At Persepolis we know that the glazed bricks belong to the time of
Darius (Muscarella 1992, 218) and Xerxes, there is no evidence for
such activity of Artaxerxes II at Persepolis. By comparing different
aspects of the glazed bricks we can see how close and parallel they
are. It is unlikely that the whole friezes were reproduced after such
a long time, exactly as it was before.

It is now widely accepted that the famous glazed bricks of Susa are
probably made at the time of Darius the Great and belong to the
6th to early 5th century BC. A number of the glazed brick fragments
must have been made at the time of Artaxerxes II. His palace at
Shaur had stone reliefs and painted walls (Labrouse & Boucharlat
1972, 83; Boucharlat 1997, pl. 14-15), this shows that he had
used other ways for decorating his royal palaces. After the reign
of Artaxerxes II we have no evidence for using glazed bricks in
Achaemenid buildings. Probably the Achaemenids could make
more bricks in the same way, time to time to repair the damaged
bricks.

Babylon

In Babylon many Achaemenid glazed bricks were found by R. Kol-
deway (1914, 104 f.). The exterior walls of a columned palace
probably made by Darius at Babylon, was decorated with the gla-
zed bricks and had images of the so-called “Immortal” (Susian)
guards (Koldeway 1931, pl. 39; Haerinck 1997, 29). They repre-
sent two types of glazed bricks: relief and flat (Ibid) and they show

guards, cuneiform inscriptions, floral and geometrical designs (Hae-
rinck 1997, 29-30, also Haerinck 1973, 118f.). Some of the guards
are made in life-size and some are made half life-size (Haerinck
1997, 29). 

The glazed bricks from Borsippa (Reade 1986, pl. 15a) have paral-
lel designs with Susa and more likely were produced in the Persi-
an Period.

Images and Iconography

Susa has the most varied images of the glazed bricks. They are
made in relief and flat bricks. The images at Susa include floral pat-
terns, geometrical designs, human figures and mythological crea-
tures. Few designs look like Babylonian images on glazed bricks,
but details are totally different. Also some designs are new images
with no iconographical background in Mesopotamian art.

There is a fragment showing heads of roaring lions, repeated on
the margin of a brick (Fig. 5). This motive is an Iranian motive and
is more related to a northern origin (Muscarella 1992, 230). Paral-
lel examples from Ur in Mesopotamia are dated back to Achaeme-
nid period as well (Kantor 1957, 8-9). They appear in Achaeme-
nid period on textile work, ornaments, seal impressions, coins and
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reliefs4. The polychrome bricks of the so-called Susian archers (or
the Immortals) are another example for repeating motives. They
are represented in a row or a repeating procession, now believed
toward a central panel with royal inscriptions (Caubet 1992, 224)
(Fig. 6). Some fragments with the hands of the “Immortals” join
to an inscribed frame (Koldeway 1931, pl. 39a-I). Their dresses are
shown in whole details, with patterns, designs and colours. Some
designs are floral and some other represents three towers or a for-
tification on a hill in a square frame. Their skin is painted in dark
brown. It is still not clear if they represent Susian guards with a
darker skin, or the paint has been changed to brown by some rea-
sons. But there are also other fragments that show faces in pink
(Muscarella 1992, 233-234, pl. 161-162). 

Perhaps during this time some trainees were also joined to the
group of artisans in Susa and moved later with them to Persepolis.
But it is hard to suggest why they did not produced human and
animal figures at Persepolis. Perhaps in Persepolis it was easier to
represent these images in stone reliefs. 

In general the glazed bricks have an independent style with some
inventions in iconography and style that is typical Achaemenid. 

Signs

Achaemenid artisans used signs and markings on each brick in
order to organise various fragments correctly and to create a com-
plete panel. These signs are different and they are a kind of archi-
tectural sign. In Achaemenid architecture architects adjust each
piece correctly with the other used some similar signs (Fig. 7). In
Babylon, like Susa and Persepolis such markings are reported by
Koldeway for the glazed bricks (Koldeway 1914, 104-105, Fig. 65).
The signs in all places include linear signs with a combination of
circles and lines. They are drawn on the upper surface of each brick
with black ink or glaze or blue and greenish paint.  
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Colours

Achaemenid glazed bricks have a range of colours both on flat and
relief bricksand are protected under the layer of glaze. The colours
that can be found on the bricks from Susa and Persepolis are white,
yellow, green, brown, blue, greenish blue, lapis-lazuli blue, pink
and black. But surprisingly there is no red colour. In Babylon the
colours used for the glazed bricks are white, blue, yellow, green,
brown and black, but no red colour again (Haerinck 1997, 30).
Red colour was widely used for stone reliefs, floors and some
columns in the palaces and was made of cinnabar5. But it was not
common to use it in glazed bricks. According Koldeway there is also
a pink colour on the bricks from Babylon that was applied as skin
colour that reminds those at Susa (Koldeway 1914, Fig. 64). 

Report on the scientific examination
of a glazed brick from Susa: Glazes6

Mike S. Tite & A. J Shortland

IInnttrroodduuccttiioonn

Four fragments from a single glazed brick from Susa dating to the
Achaemenid period were available for scientific examination. These

fragments provided two areas of yellow glaze, two of white glaze
and one of green glaze.

Polished sections through the glaze and body were prepared and
were examined in a scanning electron microscope (SEM) with at-
tached energy dispersive spectrometer (EDS) for x-ray analysis. The
SEM was operated in backscatter mode so that the different phases
present could be identified on the basis of their atomic number
contrast, higher atomic number phases appearing brighter in the
SEM image. The bulk chemical compositions of the glazes and
bodies were estimated from EDS analyses of areas, respectively,
some 150x150 µm2 and 1x1 mm2 (Fig. 8). For individual phases
within the glazes and bodies, the area of analysis was reduced as
appropriate. The small areas of unweathered glaze located in the
green glaze sample were also analysed using wavelength dispersive
spectrometry (WDS) using a 15 µm diameter spot size. In addition
to the SEM examination, a small sample was removed from the
white glaze for x-ray diffraction analysis (XRD). 

RReessuullttss

The bodies of the Susa bricks consist mainly of coarse, angular
particles of quartz, up to about 1 mm across, that are bonded
together by partially fused feldspar and clay phases (Fig. 9 & 10).
In addition, adjacent to the yellow and green glazes, the bodies
contain occasional lead-rich and soda+lead-rich regions respecti-
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ffrroomm  SSuussaa;;  PPhhoottoo::  NNaattiioonnaall  MMuusseeuumm  ooff  IIrraann..
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FFiigg..  88::  SSEEMM  pphhoottoommiiccrrooggrraapphh  ooff  ggllaazzeedd  SSuussaa  bbrriicckk  ffrraaggmmeenntt

sshhoowwiinngg,,  ffrroomm  bboottttoomm  ttoo  ttoopp,,  ggllaazzee  llaayyeerr  ((lliigghhtt  ggrreeyy))  ccoonnttaaiinniinngg

aa  ssccaatttteerr  ooff  lleeaadd  aannttiimmoonniittee  ppaarrttiicclleess  ((wwhhiittee))  aanndd  bbooddyy  ccoonnssiissttiinngg

ooff  ccooaarrssee  qquuaarrttzz  ppaarrttiicclleess  ((ddaarrkk  ggrreeyy))  bboonnddeedd  ttooggeetthheerr  bbyy  ppaarrttiiaall--

llyy  ffuusseedd  ffeellddssppaarr  aanndd  ccllaayy  pphhaasseess  ((mmoottttlleedd  ggrreeyy))..  
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vely which probably represent fragments derived from the applied
glazing mixture (Fig. 11).

Both the cracked appearance of the glazes in the SEM and the low
alkali contents obtained for their bulk compositions indicate that
the Susa glazes are all highly weathered. However, analyses of the
small areas of unweathered glaze located in the green glaze sample
indicated a soda-rich glaze containing only low concentrations of
lime and magnesia, but a high lead oxide content. The green
colour of this glaze was achieved through a combination of copper
oxide which, by itself, would have produced a turquoise blue glaze
and yellow lead antimonite particles which also acted to opacify
the glaze. The yellow glaze was similarly opacified by lead anti-
monite particles (Fig. 9 & 11). XRD analysis indicated that the
white glaze was opacified by sodium antimonite (NaSbO3) particles
(Fig. 12). 

DDiissccuussssiioonn

Caubert & Kaczmarczyk (1998) also found that glazed bricks from
the palace of Darius 1st (522-486 BC) at Susa consisted mainly of
coarse, angular quartz particles, their bulk compositions, as deter-
mined by inductively coupled plasma spectrometry (ICP), being
similar to those observed in the present study (Fig. 8). This con-
trasts with earlier glazed wall plaques from the Neo-Assyrian sites
of Nimrud, Ba’shiqa and Arban (Freestone 1991) and glazed bricks
from the Ishtar Gate and Processional Way at Babylon (Matson
1986), all of which were produced using calcareous clays, typically
containing 15-20% CaO.

Caubert & Kaczmarczyk (1998) do not provide quantitative analy-
ses for their Susa glazes. However, Matson (1986) analysed the
glazes from Babylon using an electron microprobe with WDS, and
established, on the basis of their high analytical totals, that they
were essentially unweathered. These Babylonian glazes are of the
soda-lime type and contain significantly higher concentrations of
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FFiigg..  99::  SSEEMM  pphhoottoommiiccrrooggrraapphh  ooff  ggllaazzeedd  SSuussaa  bbrriicckk  ffrraaggmmeenntt

sshhoowwiinngg  bbooddyy  wwiitthh  ppaarrttiiaallllyy  ffuusseedd  ffeellddssppaarr  aanndd  ccllaayy  pphhaasseess  ((lliigghhtt

ggrreeyy))  bboonnddiinngg  ttooggeetthheerr  qquuaarrttzz  ppaarrttiicclleess  ((ddaarrkk  ggrreeyy))..
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FFiigg..  1100::  SSEEMM  pphhoottoommiiccrrooggrraapphh  ooff  ggllaazzeedd  SSuussaa  bbrriicckk  ffrraaggmmeenntt

sshhoowwiinngg,,  ffrroomm  rriigghhtt  ttoo  lleefftt,,  ggllaazzee  llaayyeerr  ((lliigghhtt  ggrreeyy))  ccoonnttaaiinniinngg  aa

ssccaatttteerr  ooff  lleeaadd  aannttiimmoonniittee  ppaarrttiicclleess  ((wwhhiittee))  aanndd  bbooddyy  ccoonnssiissttiinngg  ooff

ccooaarrssee  qquuaarrttzz  ppaarrttiicclleess  ((ddaarrkk  ggrreeyy))  wwiitthh  ffrraaggmmeenntt  ddeerriivveedd  ffrroomm  tthhee

aapppplliieedd  ggllaazziinngg  mmiixxttuurree  ((lliigghhtt  ggrreeyy  wwiitthh  wwhhiittee  ppaarrttiicclleess))  aatt  ttoopp

lleefftt..
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FFiigg..  1111::  SSEEMM  pphhoottoommiiccrrooggrraapphh  ooff  ggllaazzeedd  SSuussaa  bbrriicckk  ffrraaggmmeenntt

sshhoowwiinngg,,  ffrroomm  bboottttoomm  ttoo  ttoopp,,  ggllaazzee  llaayyeerr  ((lliigghhtt  ggrreeyy))  ccoonnttaaiinniinngg

aa  ssccaatttteerr  ooff  ssooddiiuumm  aannttiimmoonniittee  ppaarrttiicclleess  ((wwhhiittee))  aanndd  bbooddyy  ccoonnssiiss--

ttiinngg  ooff  ccooaarrssee  qquuaarrttzz  ppaarrttiicclleess  ((ddaarrkk  ggrreeyy))  bboonnddeedd  ttooggeetthheerr  bbyy

ppaarrttiiaallllyy  ffuusseedd  ffeellddssppaarr  aanndd  ccllaayy  pphhaasseess  ((mmoottttlleedd  ggrreeyy))..  
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lime and magnesia than those of the unweathered green glaze from
Susa (Fig. 8). Thus, the Babylonian glazes fall firmly within the
Near Eastern tradition of soda-lime glazes produced from crushed
quartz pebbles and soda-rich plant ash derived from saline plants.
This type of glaze was first introduced with the beginnings of glass
production around 1500 BC (Paynter & Tite 2001) and continued
in use through into the Islamic period. The Susa glaze therefore
appears to differ slightly from this tradition in using a plant ash
with significantly lower lime and magnesia contents, a difference
that would have been a factor in increasing its susceptibility to
weathering. Further, although glazes opacified with lead antimonite
are expected to contain lead oxide in excess of that required to pro-
duce lead antimonite, the lead content of the Susa glaze appears
to be higher than normally observed, and is certainly significantly
higher than that in the yellow Babylonian glazes. 

The identification of sodium antimonite as the white opacifier in
the Susa glazes was initially unexpected. Without having access
to XRD, Caubet & Kaczmarcyzk (1998) had suggested that the
white opacifier used in their Susa glazes was calcium antimonite.
In addition, using XRD, Fitz (1983) identified calcium antimonite
as the white opacifier in the glazes from the Ishtar Gate and Pro-
cessional Way at Babylon. However, in view of the very low lime
content of the Susa glazes (typically less than 2% CaO), the for-
mation of sodium antimonite, rather than calcium antimonite,
when antimony oxide is included in the glaze mixture is perhaps
not surprising.

CCoonncclluussiioonnss

The glazed bricks from Susa represent a development from the
established technology for glazed brick production in the Near East
in a number of different ways. First, a high quartz body has re-
placed the earlier calcareous clay bodies. Second, the glazes, alt-
hough within the soda-lime glaze tradition, appear to have used a
plant ash with lower lime and magnesia contents, and to have
increased the excess of lead oxide over that required for the pro-
duction of the lead antimonite. Third, probably because of their
low lime content, the white glazes were opacified using sodium
antimonite rather than the expected calcium antimonite.

Report on the Scientific Examination
of a glazed brick from Susa: Colours

Marion Jung & Andreas Hauptmann

IInnttrroodduuccttiioonn

We received eight additional samples of glazes. These were taken
from several bricks from the palace of Darius in Susa, dated to the
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FFiigg..  1122::  SSeemmiiqquuaannttiittaattiivvee  aannaallyysseess  ooff  eeiigghhtt  ggllaazzeess  ffrroomm  SSuussaa..  33  ttoo  44  ssiinnggllee  mmeeaassuurreemmeennttss  wweerree  ttaakkeenn  ffrroomm  oonnee  ssaammppllee..  TTiinn  wwaass  nnoott  ddeetteecctteedd  iinn

aannyy  ooff  tthhee  ssaammpplleess..  AAllll  vvaalluueess  iinn  wwtt..  %%..  IIRR--66//11  eettcc..  aarree  iinnvveennttoorryy  nnuummbbeerrss  ooff  tthhee  DDeeuuttsscchheess  BBeerrggbbaauu--MMuusseeuumm;;  33335599//0044  eettcc..  aarree  aarrcchhaaeeoollooggiiccaall

iinnvveennttoorryy  nnuummbbeerrss..
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beginning of the 5th century BC. They showed eight different
colours: black, white, yellow, brown, azure, dark blue, light green
and turquoise.

As the samples were very crumbly and fine grained they were not
suitable for making thin section for detailed analyses under the
scanning electron microscope (SEM) as performed by Tite & Short-
land (see above). Hence, we decided to analyse the samples by X-
ray diffraction and to present semi quantitative spot analyses made
under the SEM by EDS.

RReessuullttss

According to the results found by Tite & Shortland the X-ray dif-
fraction analyses revealed that all the samples contain quartz (SiO2)
as a main component. Additionally, calcite (CaCO3), gypsum (CaSO4

• 2 H2O), and in one case (3366/04; IR-6/8) trona (Na3(HCO3)2 •
2 H2O) was found. Naturally, any proportions of glass were not
detected with this method. Gypsum and trona are considered to
have been formed by decomposition of the glaze by weathering
processes (“Wetterstein”). As it is known that this, in general,
leads to a leaching of alkalis, we may not exclude that also con-
centrations of K2O are incorporated in the calcite, in the gypsum
and in the trona. 

The SEM analyses of the glazes are pretty homogeneous. Note,
that no tin was detected in the samples which is well known as an
opacifier of glass. It seems not to have been used at Susa in this
period.

33335599//0044  ((IIRR--66//11))::  bbllaacckk  ggllaazzee  
Main components are SiO2 (75-80 wt. %), Na2O (5 wt. %), CaO (4
wt. %), K2O (3 wt. %) and indicate the glaze to be made up of a
soda-potash-lime-glass. In addition, it contains 6-7 wt. % of Fe-
oxide, most probably as magnetite (Fe3O4) which caused the black
colour and masked a blue tint caused by Cu-oxide (2 wt. %). No
antimony was detected in this sample. Hence, no sodium anti-
monite has to be expected as a white opacifier as observed by Tite
& Shortland.

33336600//0044  ((IIRR--66//22))::  yyeellllooww  ggllaazzee  ((ffoouurr  aannaallyysseess))
The glaze is predominantly made up by 8-16 wt. % PbO, 70-78 wt.
% SiO2 and 4-9 wt. % Fe-oxide. This is a typical lead glaze. Such
glazes are characterised by low melting points and low viscosities
that cause a glossy smooth and well fused surface. As the glaze is
yellow we suggest that the colouring agent was lead antimonite
(Pb2Sb2O7) which also acted as an opacifier.

33336611//0044  ((IIRR--66//33))::  ttuurrqquuooiissee  ggrreeeenn  ((tthhrreeee  aannaallyysseess))
Again, the glaze consists of a lead glass with 15-19 wt. % PbO. In
contrast to sample 6/2 it is considerably higher in Sb2O3 (9-14  wt.
%) but, nevertheless, is not of a yellow colour. Probably it is mar-
ked by Cu-oxide (2-3 wt. %), and most of the lead antimonite
acted to opacify the glass.

33336622//0044  ((IIRR--66//44))::  bbrroowwnn  ((tthhrreeee  aannaallyysseess))
The glassy matrix is made up by SiO2 (78-81 wt. %) and CaO (7-
12 wt. %). MgO is like in the other samples 1 wt. %. It is the only
sample that contains Mn-oxide (2 wt. %) which, along with some
iron-oxide (1-2 wt. %) detected, is the reason for the brownish
stain of the glaze by (Mn, Fe)2O3. 

33336633//0044  ((IIRR--66//55))::  ddaarrkk  bblluuee  ((ffoouurr  aannaallyysseess))
The glass is a Ca-silicate with 2-3 wt. % potash and 1-2 wt. %
sodium while MgO is only slightly higher than in the first four
samples. Fe-oxide is around 10 wt.%. Colouring agents are Cu-oxi-
de (3-4 wt. %) and Co-oxide (2-3 wt. %), probably as a Co-spinel
(CoAl2O4). 

33336644//0044  ((IIRR--66//66))::  ttuurrqquuooiissee  ((ffoouurr  aannaallyysseess))
The composition of the glass is almost identical to sample 6/5.
Colouring agents are again Cu- and Co-oxide, but with lower con-
centrations of Co.

33336655//0044  ((IIRR--66//77))::  bblluuee  ((tthhrreeee  aannaallyysseess))
The glaze consists of a Ca-silicate (SiO2 76-78 wt. %, CaO 6-8 wt.
%) with a little MgO (1-2 wt. %) and K2O (1 wt. %). The blue
colour of the glaze is caused by Cu-oxide which reaches 8 wt. %.
No Co was detected in the sample.

33336666//0044  ((IIRR--66//88))::  wwhhiittee  ((ffoouurr  aannaallyysseess))
The sample contains the highest SiO2 concentration of all samples
(83-85 wt. %), followed by CaO (5-7 wt. %). K2O is at 1 wt. %,
Na2O partly below 1 wt. %. Sb-oxide is between 3 and 4 wt. %.
The white colour most probably was caused by sodium antimonite
(NaSbO3) and confirms the observation made by Tite & Shortland
(see above) which, according to X-ray diffraction was partly
decomposed to Na-carbonate by weathering.

DDiissccuussssiioonn

The analyses of the glazes from the bricks in Susa performed by
the scanning electron microscope do not reflect the original com-
position. Due to considerable leaching most of the alkalis (Na2O,
K2O) are removed from the silicate and are replaced by water
(hydratisation). “Wetterstein” was formed by corrosion. 

According to Wedepohl (2003), most of the glass (and glazes) were
manufactured until the late 1st millennium BC by mixing quartz and
ashes from plants. Main components of such ashes are calcium
carbonate (CaCO3) und potash carbonate (K2CO3) if plants from ter-
restrial vegetation is utilised. If ashes from halophytes are used
then sodium carbonate (Na2CO3) is a predominating oxide. In any
case, MgCO3 is a minor constituent. If heated, carbonates from the
ashes are reacting with quartz and are forming silicates while car-
bon dioxide evaporates. Glasses or glazes made in such a way are
high in SiO2 and contain oxides of Ca, Na, K and Mg. We observe
a slightly higher level of K2O compared to sodium Na2O, but this
does not qualify to decide if the glazes were made from halyphy-
tes or not. What concerns CaO, it is comparable to the analyses by
Tite & Shortland. Two of the glazes, a yellow and a green one,
were made of lead silicate (3360, 3361). 
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In the glazes, the following colouring agents were identified: anti-
mony, lead, copper, manganese, iron and cobalt. The yellow colour
is caused by Sb-compounds with Ca and Pb, while Na-antimonite
leads to a white colour. The light blue and greenish colour is most
probably caused by Cu2+-ions. Perhaps some spots may be colou-
red by a crystallisation of Egyptian Blue (CaCuSi3O10), but this
would need high Cu-concentrations and would opacify the glaze.

The dark blue and light blue coloured samples are of special in-
terest due to their cobalt contents which are based on the addition
of special ores. Co-deposits are much rarer than those of copper or
even antimony. Also in Iran cobalt ores are rare. Possible sources
could be traced at the mines at Qamsar near Kāshān (Th. Stöllner
in Pernicka, this volume) or perhaps in Azarbaidjan (Moorey 1994,
191).

Notes

1 For the date see: Potts 1999, 328.

2 For this fragment see: Muscarella 1992, Fig. 164.

3 Ibid: 73-75, pls: XVIII-XIX; Razmjou 2004, forthcoming: Decorative Gla-

zed Pegs with Eye Symbol from Chogha Zanbil. Images from Chogha-Zan-

bil.

4 Kantor 1957, 8-11, Fig. 6, pl. 6B-C, for coins see: Meshorer & Qedar

1999, 112, No. 156-159.

5 Based on test results from the Smithsonian, a forthcoming paper by the

author and Janet Douglas.

6 While preparing the exhibition in Bochum the question arose why not to

analyse some of the colours and glazes from the Susa bricks. In collabo-

ration with the National Museum of Iran, Tehrān, and the Deutsches Berg-

bau-Museum, Bochum, colour and brick samples where collected. While

the bricks were analysed in Oxford to provide more information about

glazing techniques, the DBM carried out work for a better understanding

of the colouring devices.
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