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A B S T R A C T

The composition and production of pre-modern glazed tiles in Pakistan are not well understood. Here, 38 glazed
tile samples sourced from various monuments at Makli Hill and Lahore Fort in Pakistan, dating mainly from the
sixteenth and seventeenth centuries CE, were investigated with scanning electron microscopy and energy dis-
persive X-ray spectrometry for a comprehensive technological study to understand the methods used in their
production. The analyses were supplemented by laser ablation-inductively coupled plasma-mass spectrometry to
more fully characterise the raw materials used for the glazes. The Makli tile bodies are composed of clay-based
ceramic whereas those from Lahore are stonepaste. Both are coated with soda-lime-silica glazes made using plant
ash. Cobalt, copper, lead‑tin yellow and lead‑tin orange are identified as the glaze colorants. White glazes do not
have an added opacifier or colorant, but are white due to the presence of an underlying layer of silica particles.
Technological variations between the Makli and Lahore tiles are highlighted in the discussions, the former found
to resemble traditional kashi ware of Sindh-Multan in their make-up, while the latter matches Mughal tile-work
that prevailed for a while locally in the seventeenth century.

1. Introduction

The use of glazed revetments to decorate buildings goes back to the
Late Bronze Age, where tiles of Egyptian faience were embellishing the
temples and palaces of the pharaohs (Friedman, 1998; Delange, 2015),
continuing with clay-based ceramic tiles or bricks such as those found
on the famous Iron Age Ishtar Gate and Processional Way, originally
from Babylon in Iraq (Matson, 1986; Paynter, 2008). Later, in the
medieval period, the use of glazed tiles reached a new height in Islamic
architecture (Porter, 1995), both in Turkey (Carswell, 1998) and in
Central Asia from Iran to Uzbekistan (Grazhdankina et al., 2006). From
here, the tradition spread south into India and Pakistan, in the wake of
the establishment of Islamic dynasties in the Indian Subcontinent.

In Pakistan, the art or craft of tiling is virtually synonymous with the
term kashi, which refers to the manufacture of a particular variety of
fine glazed ware, mainly tiles for the ornamentation of buildings.
Although the kashi traditions are specific only to a geographic region
covering the arid lands of the lower Punjab (Multan in central Pakistan
being the main centre here) and Sindh (Hala, Thatta, and Nasarpur in
SE Pakistan being known centres of production here) provinces, the
term is often loosely, and perhaps erroneously, applied to other historic

tiles or tile-work in Pakistan as well, notably to a different and distinct
stylistic form found in Lahore city and its environs in the northern part
of Punjab (Fig. 1). Between the two, the kashi or Sindh-Multan type of
tile-work, characterized by a dominant blue-and-white colour scheme,
is the older and longer-established of the two forms, carrying on ap-
parently as an unbroken tradition from the 14th century through to the
present date (Degeorge and Porter, 2002, 244–253, Akhund and Askari,
2011, 65–70, UNESCO, 2015). The Lahore variety of tile-work, marked
by the extensive use of a multi-coloured tile-mosaic, appears much
later, in the early 17th century, and flourishes for a considerably shorter
duration, practically ceasing by the third quarter of the same century
(Vogel, 1920, 6–15, Rehmani, 1997–1998).

While numerous buildings adorned with these two broad varieties of
tile-work are known to exist, little is known of the original technologies
that went into their making. We are aware of only one published
technical study on the Lahore tiles (Gulzar et al., 2013), and none on
the kashi Sindh-Multan type despite its cultural longevity and im-
portance. Most available information on these tiles is from various
surveys, compilations, and ethnographic studies (Birdwood, 1884;
Furnival, 1904; Cousens, 1906; Cousens, 1929; Rye and Evans, 1976;
Khan, 1990), which although detailed for their own purposes, are
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insufficient for reconstructing the production processes originally in-
volved. This paucity of data has led to an incomplete understanding of
the Sindh-Multan and Lahore tiling traditions, necessitating a detailed
study to identify the materials and characteristics associated with each.

For this, 38 tile fragments made available through the UNESCO
World Heritage Centre (Paris) in collaboration with the governments of
Sindh and Punjab (Pakistan) were analysed at the Archaeological
Materials Science Laboratories of UCL Qatar (see Supporting Online
Material). Twenty nine of these samples are from various historic
buildings at the World Heritage Site (WHS) of Makli Hill. The site, lo-
cated near Thatta in Sindh, comprises a vast cemetery of numerous
medieval/early-modern tombs and graves, the larger and more im-
pressive of which represent the architectural (and embellishing) tradi-
tions of the various dynasties that ruled Sindh from the 14th to 18th
centuries, from the Samma (mid-14th to early-16th centuries), Arghun
(early- to mid-16th century) and Tarkhan (mid- to late-16th century), to
the Mughal (early-17th to early-18th centuries). Most of the buildings
from where the samples have been sourced are ascribed to the 16th and
17th centuries. One sample (MA-20) is from a building dating to the
14th century. Sampling details provided together with the samples in-
dicate that the majority of the tiles were originally installed on the
exteriors of the buildings.

The other nine samples are from the ‘Picture Wall’ of Lahore Fort, a
monumental Mughal citadel that forms part of the WHS listed Fort and
Shalamar Gardens ensemble at Lahore city. The fort is considered to
have been given its current basic form by the third Mughal emperor
Akbar (1556–1605), but the tile-work that it has is attributed to his
descendants and successors, Jahangir (1605–1627) and Shah Jahan
(1628–1657) (Vogel, 1920, 50–55). The tiles from the Makli buildings
are representative of the kashi tile-work of Sindh, while those from
Lahore Fort are on the lines typically associated with Lahore city.

2. Methodology

The samples were first documented and examined macroscopically
using a hand lens. Representative sections of each were then cut
through the body and glaze, and mounted in resin blocks. One sample

from Lahore Fort, LF-07, which first appeared to be a single green-and-
yellow polychrome glazed tile, was found to actually comprise two
distinct tiles, one of which (yellow-glazed) had been inlaid in the other
(green-glazed). These were accordingly treated as two separate tiles for
the purpose of analysis, and numbered as LF-07a and LF-07b respec-
tively. Sample MA-28 from Makli was also found to consist of several
individual tiles of two distinct colours (turquoise and dark-blue) that
had been arranged in the form of a polychromatic composition. One
representative sample of each of these colours was taken for analysis,
and numbered as MA-28a (turquoise) and MA-28b (dark-blue).

All mounted samples were ground and polished using standard
procedures to expose clean cross-sections for detailed microscopic ex-
amination. Optical microscopy was undertaken using a Leica DM2500P
microscope with reflected light. The polished blocks were then carbon
coated to make them conductive and examined using a JEOL
JSM6610LV scanning electron microscope (SEM). Observations were
made in backscattered electron (BSE) mode, and chemical analysis was
conducted using an attached Oxford Instruments X-Max energy dis-
persive spectrometer (EDS), operating at an accelerating potential of
20 kV, count time 60 s, and average dead-time of 35–40%. Quantitative
analyses report the average of 5 area analyses spread across the body or
glaze layer of each tile as applicable. Individual particles or phases in
the bodies and glazes were subject to spot or small-area analysis at the
same settings. Each area analysis covered an expanse of c. 1.25 × 1 mm
on the sample surface in the case of the bodies, and c. 150 × 110 μm in
the case of the glaze layers. Areas scanned through small-area analysis
were typically of the order 50 × 50 μm or less. High analytical totals,
mostly 100 ± 1 wt%, were achieved in the bulk analyses of the glaze
layers, the glazes individually being homogeneous and remarkably free
of corrosion. The tile bodies, while also being consistent across in their
composition individually, returned lower totals, in the range of
60–75 wt%, on account of their inherent porosity.

A limited number of the Makli and Lahore glazes were further
analysed through Laser Ablation-Inductively Coupled Plasma-Mass
Spectrometry (LA-ICP-MS). The aim of this was to get a full trace ele-
ment characterization to facilitate discussion of raw materials and dif-
ferences between and within glazes from the two sites. The analyses

Fig. 1. Map of the region showing the location of the sites.
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