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 �3) �0�5"0�]e~�.[
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�� �0.5� }�� U
) �� )� U%�/�(� � &$6�&$%� @��K ,) ���?13) !
)�2)Fe2O3�+ �3) �4��� !)�+ @��K ��)&-�� /)5$9]e~��.[

("�8=�)�5"� XRD��5"� ��, ��)&-�� !.

:&��A��5"� @0���� x
�1� =�� �+ ��, ��)&-�� !XRD.
Sample Identification and Quantification 

Line Color Compound Name Formula PDF Number 
- Quartz, syn SiO2 �GeF~ed
- Calcite, syn CaCO3 GF�d~GF
- Albite, calcian, ordered (Na,Ca)Al(Si,Al)3O8 �e�G~e�

-- Clinochlore-1 ITMIIb-2 RG (Mg,Al,Fe)6(Si,Al)4O10(OH)8 �h�h~ed
- Muscovite, lithian, 2M1 K(Li,Al)2(Si3AlO10)(OH)2 Ge��~�G
- Anhydrite, syn CaSO4 �ecd~h�

Goethite FeO.OHα G��h~�c

("�8A�)�5"�XRD��)&-�� ��5"� @��K !.
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:&��B��5"� @0���� x
�1� =�� �+ @��K ��)&-�� !XRD.
Sample Identification and Quantification 

Line Color Compound Name Formula PDF Number 

- Quartz, syn SiO2 �GeF~ed

- Calcite, syn CaCO3 GF�d~GF
- Albite, calcian, ordered (Na,Ca)Al(Si,Al)3O8 �e�G~e�

----- Hematite, syn Fe2O3 Gdde~hh
- Anhydrite, syn CaSO4 �ecd~h�
- Clinochlore-1 ITMIIb-2 RG (Mg,Al,Fe)6(Si,Al)4O10(OH)8 �h�h~ed
- Muscovite, lithian, 2M1 K(Li,Al)2(Si3AlO10)(OH)2 Ge��~�G
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�
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 U
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) V06�� ,) �.)52 �56 &$��$% /�4��� �6 &3�
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("�8B�)�5"�XRD��5"� ��)&-�� !���5j !.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

06
 ]

 

                             9 / 12

http://ijcm.ir/article-1-503-en.html


���+ �5#�� �3�$4�5C+ �Cf�/)�
) �3�$4 ���6 � hh�

 :&��C��5"� @0���� x
�1���)&-�� !�+ ���5j !=��XRD.
Sample Identification and Quantification 

Line Color Compound Name Formula PDF Number 
- Quartz, syn SiO2 �GeF~ed
- Calcite, syn CaCO3 GF�d~GF
- Albite, ordered NaAlSi3O8 Gedd~Gc

--- Anhydrite, syn CaSO4 �ecd~h�
- Clinochlore-1 ITMIIb RG, ferroan (Mg,Fe)6(Si,Al)4O10(OH)8 G�G�~�c
- Muscovite-1 ITM RG, syn KAl2Si3AlO10(OH)2 GG�F~G�

Hematite, syn Fe2O3 Gdde~hh

("�8C�)�5"�XRD��5"� �+� ��)&-�� !.

:&��D��5"� @0���� x
�1���)&-�� !=�� �+ �+� !XRD.
Sample Identification and Quantification 

Line Color Compound Name Formula PDF Number 
- Gypsum CaSO4·2H2O GGed~Gd
- Quartz, syn SiO2 �GeF~ed
- Sodium Aluminum Chlorate Silicate Na4Al3ClO4(SiO4)3/Na6(SiO2)6(AlO2)6·2NaClO4 GG�e~e�
- Orthoclase KAlSi3O8 Gcdd~h�
- Lazurite- ITA RG Na6Ca2Al6Si6O24(SO4)2 �hc�~e�
- Illite-2 ITM1 RG (K,H3O)Al2Si3AlO10(OH)2 Gc��~�d

("�8D�)�5"�XRD&0?3 ��)&-�� ��5"� .

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

06
 ]

 

                            10 / 12

http://ijcm.ir/article-1-503-en.html


&C.T����"4 �Q�@0
�7TQ�� ��)&-�� ��12�3 � �3��+�4��� !�% !�% . . .hhh

:&��89��� x
�1� ��5"� @0���)&-�� !=�� �+ &0?3 !XRD.

E���� 
��)&-�� ��12�3 �3��+�+ !�%�4��� �� �1	� ��6 �56 !�)5
� !�%

�+ �.)52=���C". ,) ��%�-(
��,� [C1�� !�% :>5<3��<0�
�(+�� ����1<�)(EDX)5��7 =)�7 �;<
) (XRD) �)� /�(� �

��)&-�� �1(0+ �6�+ !�%���-��)5
� U
) �� �1	� ��6 ��&#� �%
&$1�% .�4��� U
) �� �0�5"0� ,) �@��K }�� !)�+ �0��"% ,) �%

 ,) ����5j }�� !)�+ �0�C6 � �0��"% V06�� ,) ���, }�� !)�+
�+� ��5.�)�#0OP U
���)�1�) (;n
z V06�� ,) � �+� }�� !)�+ �

�+ �0�C6�3) �&4 ���?13) &0?3 }�� /)5$9.

������F 
W�f�) �� �6 ��� y0� \C�� Y&$�� !�K� ��)�  ��<"% ,)

�54 �� ��)��&K � �<(� &���6 !��
 )� V��f$
) ��(
��,�.

G��! 
]�[535� !�5"X� �"
1(2 /�����*+), �.)52 �56 "��95"f� 

��"#� ��<$  w����!,�3��4 �!)\+ ��)(��(� �W���S &C.
� /��,�30-$%�	 �)��/)��� ��5(6 )�h�e (Zdc~d�.

[2] Gullini G., "Architettura Iranica de gli 
Achemenidi ai Sasanidi", il Palazzo di Kuhi Kwagia, 
Turin (1964). 
[3] Ghanimati S., "Kuhe Khwaga Building 
Complex in Sistan", Berkley (1995) 4. 
[4] Eastaugh N., Walsh V., Chaplin T., Siddal R., 
"Pigment Compendium A Dictionary and Optical 
Microscopy of Historical Pigments", Elsevier, 
OXFORD (2008) 381. 

[5] Mazzocchin G.A., Agnoli F., Mazzocchin S., 
Colpo I., “Analysis of pigments from Roman wall 
paintings found in Vicenza”, Talanta 61 (2003) 
565-572. 
[6] Gil1 M., Carvalho M.L., Seruya A., Ribeiro I., 
Queralt I., Candeias A.E., Mirao J., “Limewashing 
paintings in Alentejo urban heritage: pigment 
characterization and differentiation by WDXRF 
and XRD” Materials Science & Processing, Appl. 
Physics. A 90 (2008) 49~54.
[7] Salvad N., Buti S., Pantos E.,  Bahrami F., 
Labrador A., Pradell T., “The use of combined 
synchrotron radiation micro FT-IR and XRD for 
the characterization of Romanesque wall 
paintings” Materials Science & Processing, Appl. 
Physics. A 90 (2008) 67~73.
[8] Stodulski L., Farrell E., Newman R., 
“Identification of Ancient Persian Pigments from 
Persepolis and Pasargadae” Studies in 
Conservation, Vol. 29, No. 3 (1984)143-154. 
[9] Calza C., Anjos M.J., Mendonca de Souza 
S.M.F., Brancaglion Jr A., Lopes R.T., “X-ray 
microfluorescence analysis of pigments in 
decorative paintings from the sarcophagus 
cartonnage of an Egyptian mummy” Nuclear 
Instruments and Methods in Physics Research B 
263 (2007) 249~252.
[10] Hradila D., Grygara T., Hradilova J., 
Bezdickaa P., “Clay and iron oxide pigments in the 
history of painting” Applied Clay Science 22 
(2003) 223~ 236.

Sample Identification and Quantification 

Line Color Compound Name Formula PDF 
Number 

- Gypsum, syn CaSO4·2H2O Gh��~hh
- Anhydrite, syn CaSO4 �ecd~h�
- Quartz, syn SiO2 �GeF~ed

----- Calcite, syn CaCO3 GF�d~GF
- Anorthite, sodian, disordered (Ca,Na)(Si,Al)4O8 �e��~e�
- Rutile, syn TiO2 ���d~��

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

06
 ]

 

                            11 / 12

http://ijcm.ir/article-1-503-en.html


���+ �5#�� �3�$4�5C+ �Cf�/)�
) �3�$4 ���6 � hhe

[11] Tenorio D., Almazán- Torres M.G., Monroy- 
Guzmán F., Rodríguez-García N.L., Longoria 
L.C., “Characterization of ceramics from the 
archaeological site of San Miguel Ixtapan, Mexico 
State, Mexico, using NAA, SEM, XRD and PIXE 
techniques” Journal of Radioanalytical and 
Nuclear Chemistry, Vol. 266, No. 3 (2005) 
471~480.
[12] Duran A., Perez-Rodriguez J.L., Espejo T., 
Franquelo M.L., Castaing J., Walter P., 
“Characterization of illuminated manuscripts by 
laboratory-made portable XRD and micro-XRD 
systems” Anal Bioanal Chem (2009)1997~2004. 
[13] Brysbaert A., “Painted plaster from Bronze 
Age Thebes, Boeotia (Greece):a technological 
study” Journal of Archaeological Science 35 
(2008) 2761~2769.
[14] Hochleitnera B., Desnicaa V., Mantlera M., 
Schreinerb M., “Historical pigments:a collection 
analyzed with X-ray diffraction analysis and X-ray 
fluorescence analysis in order to create a 
database” Spectrochimica Acta Part B 58 (2003) 
641~649.
[15] Villar S.E.J., Edwards H.G.M., “An extensive 
colour palette in Roman villas in Burgos, Northern 
Spain: a Raman spectroscopic analysis” Anal 
Bioanal Chem (2005) 382, 283~289.
[16] Scott D.A., Warmlander S., Mazurek J., 
Quirke S., “Examination of some pigments, 
grounds and media from Egyptian cartonnage 
fragments in the Petrie Museum, University 
College London” Journal of Archaeological 
Science 36 (2009) 923~932.

[17] Wehling B., Vandenabeele P., Moens L.,  
Klockenkiimper R., von Bohlen A., Van 
Hooydonk G., de Reu M., “Investigation of 
Pigments in Medieval Manuscripts by Micro 
RamanSpectroscopy and Total Reflection X-Ray 
Fluorescence” Mikrochim. Acta 130, Springer-
Verlag, Austria (1999) 257. 
[18] Hein A., Karatasios I., Mourelatos D., 
“Byzantine wall paintings from Mani (Greece): 
microanalytical investigation of pigments and 
plasters” Anal Bioanal Chem (2009) 395: 
2061~2071. 

]�c [ �m�5. w�13) a) �@$11. �m ��5	��)�"�	���(	 }$%
�% ��)&-��!�$% !""A �".�� �0$.��+ &$"%�	 &�"A �(� �0&

$.��+ &$"%�	��/��?j))�h��(Z�de~�d�.
[20] Welcomme E., Walter P., Elslande E.V., 
Tsoucaris G., “Investigation of white pigments 
used as make-up during the Greco-Roman period” 
Materials Science & Processing, Appl. Physics, A 
83 (2006) 551~556.
[21] Welcomme E., Walter P., Bleuet P., Hodeau 
J.L., Dooryhee E., Martinetto P., Menu M., 
“Classification of lead white pigments using 
synchrotron radiation micro X-ray diffraction” 
Materials Science & Processing, Appl. Physics, A 
89 (2007) 825~832.
[22] Kallithrakas-Kontos N., Maravelaki -
Kalaitzaki P., “EDXRF as an analytical tool in art: 
Case studies from pigment identification and 
treatment assessment” Journal of Radioanalytical 
and Nuclear Chemistry, Vol. 262, No. 3 (2004) 
713~719.

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

cm
.ir

 o
n 

20
25

-0
7-

06
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            12 / 12

http://ijcm.ir/article-1-503-en.html
http://www.tcpdf.org

