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Summary 
A series of 5 blue and 5 red pigments samples* from the 
Enkleistra of St. Neophytos, the place of reclusion, in Paphos, 
Cyprus were analyzed to determine the pigments identity and 
possible alteration products. Fourier Transform Infrared 
Spectroscopy (FTIR), Variable Pressure Scanning Electron 
Microscopy - Energy Dispersive X-ray Spectroscopy 
(VPSEM-EDS), Polarized Light Microscope (PLM), and 
Binocular (stereo) Microscope (BM) were used to analyze the 
samples and due to the limitations of the techniques, only 
inconclusive assignments can be made on the pigments’ 
identity. 

From elemental analysis it is suspected that the blue pigment 
is lapis lazuli and that there are two different red pigments 
which are cinnabar HgS and red lead (Pb3O4). However, 
without phase analysis of these samples, a positive 
identification cannot be made. Alteration of red to black and 
dark blue to light blue were observed for the samples 
analyzed. A possible alteration of Cinnabar is to meta-
cinnabar. Documented alteration products of red lead are to 
plattnerite [β-PbO2] and anglesite [PbSO4]. Fading of lapis 
lazuli has been attributed to the breakdown of the Al-O-Si in 
the literature. However, it was not possible to verify if these 
are the alteration products with the available tools. 
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Pigment Identification 
Red 

Elemental analysis by EDS suggests red pigment to be cinnabar or 
red lead  
FTIR for HgS and Pb3 O4 in the region below 500 cm-1 not 
detectable with the experiment run 

Blue 
Blue pigment is a close match to lapis lazuli or natural Ultramarine 

Alterations 
Red (darkening) 

Weathering of cinnabar from red to black is a conversion from 
hexagonal cinnabar to meta-cinnabar (cubic or amorphous)  

Blue (fading) 
Blue pigment shows grayish spots on the surface that may be due 
to some sort of alteration of the blue pigment or adsorption of salt 
from the surrounding over the time 

Other important points 
Plaster layer is identified as calcium carbonate 
Possible presence of gypsum 
FTIR showed several organic peaks, which may imply the presence 
of an organic binding media or a Paraloid B-72 coating 
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•  Wall paintings from St.Neophytos Enkleistra 
•  Originated in late 12th centuries and have been gone 

through  restoration through the 15th century 
•  An example of Byzantine wall painting using Fresco 

technique or perhaps a combination of Fresco and Secco 
•  Chemical characterization and possible alteration of red 

and blue pigments sampled from various locations in the 
Enkleistra 

•  Investigation of causes and sources of pigment alteration 

OPTIONAL 
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Map of the Enkleistra of St. Neophytos (from Mango, C. and 
Hawkins, E. J. W. 1966) 
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Red Pigment S09 

Blue Pigment S13 
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- Positive ID of gypsum CaSO4                  - Positive ID of plaster CaCO3 
- Potentially B72 or other organics     - Potential lapis lazuli peak 

S13: Blue paint sample from Bema  S29: Red paint sample from Bema  

Limitations and Future work 
Limitation 

•  Context of the samples: the team did not collect the samples 
•  Lack of phase analysis on the pigments  
•  Inability to separate layers for analysis.  Most analysis was 

bulk (except SEM) 
•  Time available to do a thorough EDS analysis of the samples 
•  Lack of in-depth background knowledge of pigments and their 

alteration: no clear understanding of what is the exact 
alteration process the paints have undergone 

Future work 
•  Phase analysis using techniques like XRD (X-ray diffraction) 

and Raman Spectroscopy 
•  Micro-FTIR experiments of the individual layers 
•  EDS analysis of the various embedded layers  
•  Dispersion PLM analysis of additional pigment samples 
•  SIMS (Secondary ion mass spectrometry) for surface 

alteration of the paints: higher sensitivity than SEM-EDS 
•  GC-MS (Gas chromatography-mass spectroscopy) for exact 

composition of organic materials in the paints 
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S29 
red lead to plattnerite [β-PbO2] and anglesite [PbSO4]  
(Red → black) 

S08 
lapis lazuli degradation of Al-O-Si network to release 
S3

- chromophore     (Blue → Grey) 

S08 Blue Lack of Cu and other heavy metals rule out other 
pigments like azurite or Egyptian blue. Based on the 
physical and optical properties of the particles in the 
PLM dispersion, blue is can be lapis lazuli 
(Na,Ca)8(AlSiO4)6(S,SO4,Cl)1) 

Atomic % 

S16 Red Based on presence of Hg the red pigment is most 
likely cinnabar  (HgS) 

Atomic % 

S29 Red Based on presence of Pb the red pigment is most 
likely red lead (Pb3O4) 

Atomic % 

Alteration 

Alteration 

Alteration 

*not all samples represented by images above  


