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Analytical investigations on glazed bricks

A scientific survey started since 2013 on glazed bricks found during the excavation at
Tol-e-Ajori. These research aim to characterize the wall constituting materials as glazed
bricks of various kinds, their production technology and materials used in the
construction techniques (mortars and fitters’ marks,...) from an archaeometric point of
view.

First, non-invasive investigations (digital microscopy, vis-RS, X-Ray Fluorescence
Spectroscopy) were carried out in order to obtain a broader range of data before selecting
representative areas and to collect samples. These samples were subsequently submitted,
to micro-invasive investigations (Optical microscopy, SEM with EDS, Raman
spectroscopy).

The goal of this technical study is twofold verify the composition and technique of brick
and glaze production in order to compare with available archaeometric literatures
regarding polychrome glazed bricks in the Ancient Near East. A further goal of the
present study was to verify whether the production of polychrome glazed bricks followed
techniques of Babylonian and Elamite traditions.

The glazed bricks of Tol-e Ajori were made by a Ca-rich raw clay material; the estimated
firing temperature is between 850 and 900 °C and the atmosphere was oxidant. The glazed
coatings applied to the Tol-e Ajori bricks are similar to those found on the bricks in the
glaze coatings of the Ancient Near East.

Concerning the chromophore elements, calcium antimonate has been found in the white
tone and lead antimonate in the yellow and the orange tonality. In particular the analyses
of the greyish/pale blue hue proved the presence of copper and cobalt, demonstrating an
original blue colour, which was not visible at the beginning with naked eyes and
demonstrated that the glazed colours used on the gate of Tol-e Ajori are so similar to those
of Babylon Ishtar Gate.

Colourless white and yellow glaze: calcium antimonate and lead antimonate

Brick fragment with Digital microscope micrographies of colorless Optical microscope
geometric decoration white and yellow glazed micrography

Colourless blue glaze: copper and cobalt

Brick fragment with relief  Digital microscope micrographies of colorless blue  Optical microscope

decoration showing part of glaze micrography
Bull’s body
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3D rendering of the central room with reconstruction of the glazed brick
decoration based on the in situ stretches and on the comparison with

Babylon Ishtar Gate (graphic processing: S.S. Tilia).
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Publications of the Iranian-Italian Joint Archaeological Mission in Fars on the work in the
old town of Parsa.
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The plan of the Site Museum (drawing S.S. Tilia) which will be realised after the
completion of the permanent shelter by Persepolis World Heritage Site.

The permanent shelter being constructed.
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Trench 24 - Period 1. Preserved stretch of the perimeter mud-brick wall (left) built at right
angle of the south-eastern corner of the Gate, here completely pillaged but evidenced by
the brick impressions on the botton of the pillage trench (right).

Eait-West Canal in Tr. 106: 160968

Marth-South Canal in Tr.106: 1610.27

Canal in Tr.12-14; 1610.35%

., ." /.- 7
%, ; z‘,f__ /

Ted-n Ajeri & Firuzl §  General Plan 7 it

The whole topographic context of the Gate (left), in axis with the large building of Firuzi
5 (right); in the large space, traces of ancient canals point to the existence of a garden here.

20



B T

L e Ty
i
i fm —-:,f EL IS 1_| o

The Tol-e Ajori brick fragments, distinguished by their registration numbers, perfectly fit
in the drawing scheme of the Neo-Babylonian panels with bull (graphs 1. Arlotti,
FrameLab, Ravenna, after an idea of R. Esna’ashari, Shiraz).
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The Tol-e Ajori brick fragments, distinguished by their registration numbers, perfectly fit
in the drawing scheme of the Neo-Babylonian panels with mushkhusshu (graphs 1.
Arlotti, FrameLab, Ravenna, after an idea of R. Esna‘ashari, Shiraz).
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Berlin, Vorderasiatisches Museum: reconstruction of the Neo-Babylonian phase of the
northern section of the Ishtar Gate (c. 580 BC).

—

Reconstruction of the panels (graphs 1. Arlotti, Framel.ab, Department of Cultural
Heritage, University of Bologna, Ravenna).
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Analytical investigations on glazed bricks

A scientific survey started since 2013 on glazed bricks found during the excavation at
Tol-e-Ajori. These research aim to characterize the wall constituting materials as glazed
bricks of wvarious kinds, their production technology and materials used in the
construction techniques (mortars and fitters’ marks,...) from an archaeometric point of
view.

First, non-invasive investigations (digital microscopy, vis-RS, X-Ray Fluorescence
Spectroscopy) were carried out in order to obtain a broader range of data before selecting
representative areas and to collect samples. These samples were subsequently submitted,
to micro-invasive investigations (Optical microscopy, SEM with EDS, Raman
spectroscopy).

The goal of this technical study is twofold verify the composition and technique of brick
and glaze production in order to compare with available archaeometric literatures
regarding polychrome glazed bricks in the Ancient Near East. A further goal of the
present study was to verify whether the production of polychrome glazed bricks followed
techniques of Babylonian and Elamite traditions.

The glazed bricks of Tol-e Ajori were made by a Ca-rich raw clay material; the estimated
firing temperature is between 850 and 900 °C and the atmosphere was oxidant. The glazed
coatings applied to the Tol-e Ajori bricks are similar to those found on the bricks in the
glaze coatings of the Ancient Near East.

Concerning the chromophore elements, calcium antimonate has been found in the white
tone and lead antimonate in the yellow and the orange tonality. In particular the analyses
of the greyish/pale blue hue proved the presence of copper and cobalt, demonstrating an
original blue colour, which was not visible at the beginning with naked eyes and
demonstrated that the glazed colours used on the gate of Tol-e Ajori are so similar to those
of Babylon Ishtar Gate.

Colourless white and yellow glaze: calcium antimonate and lead antimonate

Brick fragment with Digital microscope micrographies of colorless Optical microscope
geometric decoration white and yellow glazed micrography

Colourless blue glaze: copper and cobalt

Brick fragment with relief  Digital microscope micrographies of colorless blue  Optical microscope
decoration showing part of glaze micrography
Bull’s body
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Relief glazed bricks

Many fragments of relief glazed bricks were found in the layers of collapse pointing to the
existence of original panels decorating the facing of the walls.

Some fragments of relief glazed bricks with parts of the Babylonian snake-dragon
mushkhusshu.




The thirteen fragments of cuneiform Babylonian and Elamite inscriptions confirm that the
gate belongs to a royal project, while the significant absence - at least to date - of Old
Persian fragments is a further element of dating to the Early Achaemenian period,
between the conquest of Babylon by Cyrus I in 539 BC and the start of the construction of
the Terrace by Darius I in 518 BC.

The fragment of Babylonian inscription TA] Inv. 45: Sar(ru) = king (drawing and reading
G.P. Basello), which confirms that the Gate was a royal monument.

This gate, destroyed by a violent earthquake after a phase of abandonment, and then
severely pillaged in the Middle Ages, was inserted in a perimeter wall of mud-brick
almost completely disappeared, which probably limited a royal “paradise” similar to that
of Pasargadae. The orientation of the gate, different from that of the Persepolis Terrace,
and the analysis of the topographical relationships allow us to identify the other buildings
in the area belonging to the same building project, first of all the large complex of Firuzi 5,
characterized by rows of foundations for bases of columns in stone blocks, unfortunately
poorly preserved.

The construction of a permanent roof by ICHHTO and the Persepolis World Heritage Site
will allow the site to be made into a museum, thus expanding the size of Persepolis both
in terms of chronology and topography.
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Other Finds

The monumental function of the Gate involved that few objects were found during the
excavations apart from fragments of glazed bricks.

Arrow-heads of the Achaemenid (left) and Islamic (right) periods.

An ear-cleaner (left) and an antimony rod (right) point to everyday life in the phases of
secondary occupation.
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Ceramic evidence

Trench 2-4: early Islamic moulded ware from the lower filling of the pillage trench of
Phase 2.
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Ceramic evidence

“Shoga ware” W—— _'1': AT 4

“Uruk Bevelled Rim Bowl”

Small ceramic fragments of prehistoric and protohistoric age were present in the clayey
layers underlying the construction.

Carenated Bowl VI sec. a.C. - | sec. a.C.

“Late Plain Ware”

Ceramics of the Achaemenid and Post-Achaemenid age were found in the layers of
secondary occupations.

11



Some elements for a tentative dating

Topography: the Gate belongs to a land setting with an orientation different from that of
the Terrace and adjacent land.

Architecture: the Gate is built according to a Babylonian tradition different from that of
the Terrace and of other Achaemenid monuments, even in Pasargadae.

Technique of glazed bricks: the glazed bricks from Tol-e Ajori are different in technique
from the glazed bricks of Darius I’ and followers’ time found in Susa and Persepolis.

Epigraphy: no Old Persian fragment of inscription has so far been found, and the
palaeography of Babylonian and Elamite fragments shows earlier features than those of
the Achaemenid period.

Iconography: the snake-dragon (mushkhusshu) is never recorded in Achaemenid art
apart from a few seal impressions of earlier seals reused in Achaemenid administration..

Religion: the iconographic motifs do not comply with the reference to Ahura Mazda
stressed by the Achaemenid kings.

History: a link with the conquest of Babylon by Cyrus II seems more likely than w i t h
subsequent Achaemenid actions in Babylon.

0341

0048

0342

0351

.
800 750 700 650 600 550 : : 500; 450 400

Thanks to the support of the Franco-German project “Palaeopersepolis”, five bone
samples were submitted to Radiocarbon dating, carried out at the Second University of
Naples, Italy. Despite the well-known problems of calibration for the 1st millennium BC,
the results point to a date of the beginning of the construction in an Early phase of the
Achaemenian period.
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The abandonment, earthquake and collapses

PERIOD | HAPPENINGS | ABSOLUTE DATING ELEMENTS PERIOD | HAPPENINGS ABSOLUTE DATING ELEMENTS |
Period i Lewvels prior to construction. | A few fragmems of Hevelled Rim Period & Final phases
No occupation levels ane Bowls and of Black-on-red painted fa 1hi|:|ist;:-::n_n;dary sccupation
documented, but some Shoga ware, ] Light eream ware with comb wavy
ﬁ“m'_""" |r|.d|.qbn that and linear decaration.
ccrumic material was A rhomboid iron tanged areow head
present in the natusal of & type very similar to other points
sediment of the area chosen found in Medicval Fars,
| for the construction Twi copper cains
= b, | sctumubitiony
FPeriod1 | Gate construction ! Sc | new plundering pis
ln Main structisre | Terminus post quem: 539 BC, 6d diggings of reasure seekers,
| Cynus' conguest of Babylon fnchiding  tunnels
Ib | Probably contemporary e other episedes of more
additions such as the two rocent anthropic presence
perpendicular walls or the
| butiness to NW
FPeriod2 | Abandomemient | —
Period 3 First plundering, first Ceramic fragments of the Late Plain
| secomdary occupation, new | Ware (6™ to 1 century BC)
ahandonmeni Copper-alloy three-winged socketed
wrow-heads of the Achaeminid
I R B .= Ll
Period 4 Enntbquake, subsequent
collapses and accumulations
Period 5 Robbery pits end their
| filling
S pits for the plundering and
| pillaging of baked bricks E o011 -
= fm N S (T Tol-e Ajori - The sequence of structural
battom of the pits (second | witributed to the 910 century AD p@rinds: based on the 5l;ud}.r of the
| sccondary employment) —— .
e filling of the pits Light cream ware with comb wavy Stratlgraph}'.
and linear decoration,  107-12%
century AD

Trench 23 - Period 4: evident traces of an earthquake, present also in other parts of the
Gate.



Fitters” marks

Each glazed brick bears on its upper surface three fitters’ marks which helped the mason
in laying the brick produced in the workshop, as in the Babylonian and Elamite traditions.

Trench 1 (top) and Trench 23 (centre and bottom): fitters” marks discovered in situ.



Trench 11 - Preserved central stretch of the south-western wall of the inner room, showing
11 courses of glazed decorated bricks in situ: general view and detail (graphic processing:
S.S. Tilia).




Some stretches of the walls of the inner room with glazed bricks decoration preserved
in situ

Trench 23 - Preserved stretch of the north-eastern wall of the inner room with glazed
decoration in situ.

Trench 9 - 3D model of the southern side of the north-western entrance corridor, showing
12 courses of glazed decorated bricks in situ (graphic processing: 5.5. Tilia).
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Reconstructed plan of the Tol-e Ajori Gate (left), showing the impressive similarity with
the southern section of the Babylon Ishtar Gate (right), with respect to which the only
differences are that the former is larger, that it has benches in the inner room and that it is
built with a mud-brick core.

s

Tol-e Ajori. 3D graphic reconstruction: the inner room, showing the presence of the
benches, two on each side with a break in the centre (elaboration: 5.S. Tilia).
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3D model of trenches 1, 2-4 and 14 a
view (elaboration: S.S. Tilia).
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cross the south-western wall of the gate; perspective



3D model of trenches 1, 2-4 and 14 across the south-western wall of the gate; zenithal view
(graphic processing: 5.5. Tilia).
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Tol-e Ajori. General plan at the end of 2018 field season, showing the 26 excavated
trenches which made the reconstruction of the whole plan possible.

Tol-e Ajori. 3D graphic reconstruction. Dark yellow: mud-brick core; light yellow: baked
bricks; blue: glazed bricks facing, The graphic reconstruction of the Gate is based on
careful study of the badly preserved remains (graphic processing: 5.5. Tilia).
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PERSEPOLIS PRIOR TO PERSEPOLIS: THE GATE OF TOL-E AJORI

Eight campaigns of stratigraphic excavation (2011-2018) carried out by the Iranian-Italian
Joint Archaeological Mission in Fars, launched as part of the project “From Palace to
Town”, have brought to light in the site of Bagh-e Firuzi, 3.5 km west of the Terrace of
Persepolis, an exceptional monument, which is an exact copy of the southern section of the
Ishtar Gate of Babylon, from which it differs only by the larger size and some construction
details, and which for the first time attests to the existence of a royal settlement in the area
of Parsa in the Early Achaemenian era.

Built according to a Babylonian architectural tradition in bricks, with an outer face of flat
or relief glazed bricks, the gate of Tol-e Ajori belongs to this tradition also in its decorative
and figurative programme made of glazed bricks that, found in situ or in collapsed
fragments, fa.iﬂ'lfllll}F reproduce the subjects of the Babylonian monument, including the
Babylonian dragon-serpent (mushkhusshu) symbol of the god Marduk who protected the
king, and which is absent from the subsequent Achaemenian iconography.

The discovery in Fars of this testimony of a phase of the Achaemenian architecture
completely different from that of Persepolis and Susa, fruit of the international
collaboration of the Research Institute for Cultural Heritage and of the Iranian Centre for
Archaeological Research, is one of the most sensational discoveries of archaeology of our
time. Thanks to the efforts of the Ministry for Cultural Heritage and of the Persepolis
World Heritage Site, this testimony will not be confined to the pages of scientific books,
but will hopefully soon become enjoyable by all those who love the great civilization of
ancient Iran.
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