
The use of synchrotron radiation for the characterization of 
Roman Wall paintings from Bayt Ras tomb

Prof. Sahar al Khasawneh

Department of Conservation and Management of 
Cultural Resources, Yarmouk University, Irbid- Jordan

Bridging Natural Science and Heritage in the Middle East: 
German Institutions, Archaeology, Artefacts, and SESAME

3-4 December 2024





Haron et al. (2019)









Red_As

Energy (eV)

11850 11900 11950 12000 12050

A
b
s
o
rp

ti
o
n
 

200

400

600

800

1000

1200

1400

Red_Fe

Energy (eV)

7100 7150 7200 7250

A
b

s
o

rp
ti
o

n
 

5000

10000

15000

20000

25000

2D scanning XRF and XANES



Bayt Ras

Wavenumber (cm
-1

)

1000200030004000

A
b

s
o

rp
ti
o

n
 U

n
it

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6
Black

Deep Red

Brown

Green

vv

FTIR spectrometer 

The samples were analyzed 

using a Bruker VERTEX 70v FTIR 

spectrometer coupled with the 

Hyperion 3000 Vis/IR 

microscope. The analyses were 

performed at the Chemical and 

Life Sciences branch of the 

infrared beamline, SISSI, of the 

Elettra synchrotron radiation. 

[CaCO3] 
vibration bands at 1410 cm–1, 
870–880 cm−1 and 710–715 
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Iron  Oxides at 544  and  910 cm–1.
 large  band  between 950  and  1268 cm–1
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Peaks at 225, 248, 295, 491, 
611 cm−1 assigned to hematite.
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Conclusions

• Red and brown pigments were mainly composed from Iron oxides as revealed by the 
multi analytical methods. 

• Red Ochre is the main source of the red pigment which consist of Iron oxides (Fe2O3  
Hematite)

• The presence of As oxides as seen from XANES, probably intentionally mixed with the 
ochre to intensify the red color.  

• Black color is carbon can easily detected by RAMAN Spectroscopy.  

• Green pigment is a complicated case. Most likely, the pigment is “green earth” (Al2O3 
and Fe2O3 contents) as it is the most common green pigments that is used in the 
Roman Empire. 
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