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Abstract:  The advantages of using a portable Raman 
equipment are contrasted with some of its shortfalls, 
that make other analytical techniques necessary to 
characterize salt efflorescences on historic buildings. 
In-situ analyses were carried out at some monuments 
of Petra (Jordan). Samples were also taken to the labo-
ratory and analyzed with this and other techniques. 
This research shows the pros and cons of these ana-
lytical techniques - and how they complement each 
other- to identify the presence of soluble salts, which 
are deeply damaging these rock-cut monuments by salt 
crystallization processes. 

 
Fig.1. ‘Silk Tomb’, Petra (Jordan) and Raman analyses of 
salt efflorescence sample from this monument. 

Materials and Methods:  Twenty two samples of 
salt efflorescences were collected from the so-called 
‘Silk Tomb’ (Fig.1a) and the ‘Monastery’ at the Ar-
chaeological Park of the Nabatean City of Petra (Jor-
dan) in a first field trip to the site. All the samples were 
analyzed in the laboratory through X-ray diffraction 
(XRD). The salt efflorescences samples were also 
tested in the laboratory with a portable Raman equip-
ment (Inspector Raman Delta Nu with a 785 nm diode 
laser for excitation) together with pure commercial 
salts, in order to create a database and to set a method-
ology, testing the most accurate analyses conditions 
for making easier the in-situ monitoring in a second 
field trip to the site. Approximately 100 measurements 
were made in the field, with the portable Raman 
equipment, from those areas previously sampled and 
their surroundings. Samples containing all type of salts 
were also analyzed with Environmental Scanning Mi-
croscopy with Energy-Dispersive X-ray Spectroscopy 
and Cathodoluminiscence detectors (ESEM-EDS-CL). 

Results and discussion:  Salt efflorescences of 
gypsum (CaSO4 ·2H2O) and niter (KNO3) were 
quickly and easily identified with Raman spectroscopy 
(Fig. 1b) in most of the samples analyzed in the build-

ings. The in-situ monitoring of these salts in cleaning 
and consolidation treatments of artworks helps restor-
ers to decide when the treatment is concluded [1]. As-
sessment of stone deterioration by salt crystallization 
can also be carried out with portable Raman [2]. 

Laboratory and in-situ Raman analyses.  A higher 
number and better quality spectra, with less fluores-
cence, of salt efflorescences were obtained in the field 
compared to the lab (Fig.1b). In-situ-monitoring 
avoids also sampling and environmental changes that 
affect phase transitions of hygroscopic salts (gypsum) 
during transportation to be analysed in the lab. 

XRD, ESEM-EDS-CL analyses.  Some of the most 
common salts sampled from the buildings and ana-
lyzed in the laboratory with XRD (Fig.2a), contained 
halite (NaCl) and sylvite (KCl), which are not sensible 
to Raman vibrations due to their strong ionic bond.  

 
Fig.2. a) XRD of the sample shown in Fig 1b; b) ESEM-
EDS of same sample; c) CL spectra of Na and K chlorides; 
d) Pancromatic map showing CL of these salts. 

Nevertheless, these chlorides show strong lumines-
cence, and can be easily identified by means of ESEM-
EDS-CL (Fig.2b-d). Their CL signals allow distin-
guishing the stronger luminescence of halite that could 
be related to the presence of Mn2+ in its crystal lattice 
[3]. Other salt efflorescences, easily identified with 
Raman do not show luminescence, as gypsum, or are 
not detected with ESEM-EDS, as N in Niter.  
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