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Abstract
Al-Andalus mortar is an ancient binding material (lime mortar) that was used for centuries in
numerous historical buildings in Al-Andalus, Granada (Spain). The physico-chemical and
microscopic properties of Al-Andalus mortars in Granada were studied as part of an investiga-
tion into the mineral raw materials present in the territory of Spain. Scanning electron
microscope and X-ray diffraction analyses of eight main types of mortars were performed to
show the presence of calcite, gypsum, quartz, and muscovite minerals with organic fibers.
Chemical analyses of the specimens showed that high SiO2+Al2O3+Fe2O3 contents yielded high
values of hydraulicity and cementation indices. A significant result of this study was that
mortars with high hydraulicity and cementation indices have high mechanical strengths. This
characteristic may be the main reason for the earthquake resistance of the historical Alhambra
Palace.
& 2015 The Authors. Production and hosting by Elsevier B.V. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction

The Alhambra Palace was first constructed in 1236 by the
last Muslim emirs (kings) in Spain and the Nasrid Dynasty.
Later, in the 16th century, the Palace was renovated and
modified for King Charles V (Figures 1 and 2). Consequently,
European features intermingle with some of the finest
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examples of Moorish architecture in the world. Alhambra
Palace incorporates many traditional Islamic details, such as
column arcades, fountains, reflecting pools, geometrical
patterns, Arabic inscriptions, and painted tiles. For many
centuries, the maintenance of Alhambra Palace was
neglected. Scholars and archeologists began restorations
in the 19th century, and today, the Palace is a major
touristic attraction and a UNESCO World Heritage site since
2007 (Jones, 2014; Mojtaba, 2009; Suarez and Bravo, 2014).
Although the urbanization of Granada and the immense
pressure of mass tourism raise the concerns of preve-
ntive conservators, the atmospheric risks related to the

conservation of the Palace have yet to be sufficiently
evaluated. In one of the few studies conducted to deter-
mine the indoor and outdoor air quality of the Alhambra
monument, the application of complementary analytical
chemical techniques was carried out to formulate a strategy
for the preventive conservation of the monument (López
et al., 1996; Horemans et al., 2011; Sarró et al., 2006).
Some studies were recently conducted on pilot applications
with compatible restoration mortars, which avoids the
common practice of cement mortar mixtures (Cultrone
et al., 2007; Binici et al., 2010; Boynton, 1980). The aim
of the present study is to draw attention to the general

Figure 1 Map of the Andalusian state and location of Cordoba in Spain.

Figure 2 General view of Alhambra Palace.
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