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Abstract- The historic ornamental panels from the historic monuments (Lahore, Pakistan) is considered to be the one of the 
most intricate and colourful cultural expression of unparalleled patterns, formed by an artistic interplay of geometry, 
proportions, pigments, materials and techniques reflecting the glorious Mughal era in the Indian subcontinent. These historic 
panels (mainly composed of glazed tiles) were documented in detail to study the deterioration phenomenon and the factors 
responsible for their rapid deterioration. This presented explorative research investigated the main types of deterioration 
morphologies including differential deterioration (flaking, detachments etc.), black and white crust, oxalate films, rust spots, 
fractures, patina and vegetation. This preliminary diagnostic study exhibited the deterioration morphologies found in selected 
heritage sites to develop the conservation-restoration strategy for glazed tile ornamental panels and for the preparation of 
preliminary treatments to stop further deterioration of these unique and irreplaceable historic assets.  
 
Index Terms- Architecture, Deterioration, Morphologies, Mughal 
 
I. INTRODUCTION 
 
The historic ornamental panels comprising of the 
glazed tiles were initially employed during the 
pre-Mughal period of 13th to 15th century in the Indian 
subcontinent (India and Pakistan). The glazed tiles 
during that period mainly portrayed the Iranian and 
Central Asian style but later they flourished in the 
unique Mughal characteristic style [1], [2]. The glazed 
tile ornamentation was initiated in the Akbar period 
and was much popular during the Jahangir period of 
the Mughal rule. The Shah Jahan period reflected the 
golden period of architectural ornamentation in the 
history of Mughal Architecture and the glazed tiles 
historic panels also evolved to their perfection during 
his reign. This particular ornamentation technique 
started disappearing with the decline of the Mughal 
Empire [3].  
The glazed tile ornamentation evolved through many 
transformations in the design, materials, techniques 
etc. during the Mughal period. Initially glazed tiles 
were simple with basic geometric shape and designs 
that transformed into complex articulation in designs 
as well as techniques further leading to the floral 
patterns and concluding to the embellished Islamic 
calligraphy [4]. 
The explorative documentation of the historic glazed 
tiles panels highlighted the active deterioration 
phenomenon that needs to be studied in detail for 
future conservation challenges. The deterioration of 
the historic fabric are mostly associated with many 
factors including the natural and manmade. The 
current scenario is hybrid (combination of natural and 
manmade factors) and usually targets the inherent 
weakness of the constituting materials as observed by 
many researchers [5]. One of the major issues of the 
current world is the pollutants in the form of suspended 

particulate matter and chemical components in the air 
that immediately interacts with the historic materials. 
Their interaction mainly can be seen in the form of 
alterations to their constituents (when studied under the 
microscope) and visually disfigured surfaces with 
different deterioration forms as studied by many 
researchers [5], [6]. The other factors responsible for 
physical and chemical deteriorations includes the 
biological factors such as Algae, fungi etc. in addition 
to bigger plants growth and birds/ animals 
droppings/excreta on historic fabrics [7]. The 
geographical location is also one of the major 
contributing factor in deterioration of the historic 
monuments comprising of the variable climatic 
conditions, ground stability and characteristics etc. The 
current changing climatic conditions are also playing a 
vital role in the rapid deterioration of the historic fabric 
[8]. Human vandalism is one of the additional 
contributing factor in our part of the world due to the 
remote locations of the heritage sites and limited 
control of the authorities [6]. These all above 
mentioned factors were mainly found actively 
involved in the deterioration of glazed tiles from the 
selected case studies.  
The main focus of this current research is the 
identification of various deterioration morphologies 
with reference to historic ornamental panels from 
Lahore-Pakistan. 
 
II. RESEARCH METHODOLOGY 
 
The explorative documentation was performed 
following the standard procedures and the historic 
ornamental panels were photographed in minute 
details to identify the deterioration forms for their 
classifications as part of the preliminary diagnostic 
survey [9]. This classification will further help in 
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selecting the appropriate diagnostic technique for 
in-depth experimental studies. The selected case 
studies of Lahore Fort, Wazir Khan Mosque, Shahdara 
Complex, Dai Anga Tomb and Cypress Tomb 
(Begumpura Monuments) are the remarkable 
contribution of the Mughals and reflects the glorious 
architecture of the period especially with reference to 
Pakistan. 
 
III. RESULTS AND DISCUSSIONS 
 
This presented research investigated the main types of 
deterioration morphologies including differential 
deterioration (flaking, detachments etc.), black and 
white crust, oxalate films, rust spots, fractures, patina 
and vegetation in the historic ornamental panels of 
Mughal Architecture [10], [11], [12] and [13]. These 
deterioration morphologies were identified by 
following the Monument Damage Diagnostic System 
used worldwide [14] for the classification of 
deterioration morphologies as shown in Table-1). 
 
A. Deferential Deterioration 
The differential deterioration (flaking, scaling and 
detachments etc.) was found on all historic glazed tiles 
panels representing the chemical alterations due to 
their interactions with the pollutants and other 
chemical constituents in the air mainly due to the 
vehicular traffic [15] in the selected case studies. The 
Lahore Fort and Shahdara Complex (Jahangir Tomb, 
Akbari Serai and Nur Jahan Tomb) were found to be 
more affected by the differential deterioration as 
compared to the Wazir Khan Mosque and Begumpura 
Monuments. The major contributing factors were 
found to be the Sulphur rich environmental conditions 
as indicated by the researchers that results into the 
volumetric changes within the historic materials. This 
anthropogenic factor activates in combination with the 
natural climatic patterns to develop the deterioration 
morphologies such as flaking, scaling and detachments 
etc. 
 
B. Crust Formations 
The crust formations (white and black) is one of the 
most common deterioration morphology found in all 
the selected historic glazed tiles panels. But it was 
found that Lahore Fort and Shahdara Complex mainly 
developed the white crust while the other two locations 
of Wazir Khan Mosque and the Begumpura 
Monuments (Dai-Anga Tomb and Cypress Tomb) 
have mainly the black crusts. The agents of decay were 
found to be different in both the cases. The main 
deteriorating factors were the pollutants and the salts 
formation in Lahore Fort and Shahdara Complex that 
resulted into the white crust formations. In contrast to 
this the Wazir Khan Mosque and the Begumpura 
Monuments were surfaced with black crusts mainly 
due to the natural aging and climatic variations 
interaction with the historic fabric [16]. 
 

C. Oxalate Films and Patinas 
This deterioration morphology is mainly found in clay 
and calcium rich materials such as the glazed tile 
historic panels. This was observed in the form of 
homogeneous thin layer covering the whole surface 
with different colour shades from black to brown and 
sometimes orange etc. [17]. The glazed tiles panels 
usually composed of many colours so this type of 
deterioration is to be observed carefully 
whiledocumentation. This particular deterioration 
morphology was almost found on the selected panels. 
D. Rusting 
The glazed tiles historic panel’s colours were observed 
to be changed (such as deviation in the form of darker 
and lighter shades). This particular deterioration 
morphology is mainly due to chemical deterioration of 
iron rich components of the glazed tiles [18]. The 
phenomenon studied in this respect are the dissolution 
and oxidation of Iron in the glazed tiles. 
E. Cracks and Fractures 
The glazed tiles panels were mostly found with the 
cracks and even fractures [19] mainly due to natural 
aging and absence of routinely maintenance in all the 
selected panels from the above mentioned heritage 
sites. 
F. Biological Colonization’s 
The biological colonization’s is mainly attributed to 
the biochemical deterioration in the climatic zones of 
high humidity as in our part of the world. Biological 
colonization’s is mainly comprised of 
micro-organisms such as algae, fungi, lichens in 
addition to some animal’s nesting together with little 
organisms [17], [20]. They commonly interact with the 
historic materials in favourable climatic conditions like 
high humidity and substrate types. The monuments at 
Shahdara were found to be mostly affected by 
biological colonization. 
G. Vegetation 
The vegetation and growth of plants is also found to be 
one of the main deteriorating factor common among all 
the selected sites. This particular factor is the result of 
negligence only and absence of standard operating 
procedures of the Heritage sites [6, 21]. The growth of 
plants not only destroys the visual authenticity of the 
historic fabric rather it make the historic fabric more 
vulnerable to other deteriorating agents. The Lahore 
Fort being the World Heritage Site and the Shahdara 
Complex is the nominated site so both are protected 
against vegetation but the other historic monuments at 
Begumpura were found to be fully occupied by 
vegetation. Similarly Wazir Khan Mosque is also 
protected against vegetation due to regular usage of the 
Mosque. 
 
CONCLUSIONS 
 
The presented preliminary diagnostic study of historic 
ornamental panels from the Mughal historic 
monuments of Lahore-Pakistan highlighted the main 
agents of deterioration and the developed deterioration 
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morphologies as flaking, scaling, detachment, black/ 
white crust formations, oxalate/ films, rusting, 
fractures, patinas and vegetation. These historic 
ornamental panels were found to be the unique Mughal 
architectural ornamentation from the surviving historic 
monuments that needs to be preserved for the future 

generations before it completely disappears. This 
particular contribution will further help in the proper 
diagnosis and selection of scientific experimentation 
and the appropriate methodology for the conservation 
of these historic ornamentation panels. 
 

 

 

 
Table-1 Deterioration Morphologies of Historic Ornamental Panels from the Mughal Historic Monuments of Lahore-Pakistan 
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