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Abstract

In some of the archeological museum, the variety of blue object are nominated as Egyptian Blue, Lapis
lazuli and Lapis lazuli paste. In this research, it was found that there are many mistake in this clas-
sification. Lapis lazuli, a brilliant azure-blue color gemstone, is a mixture of minerals, primarily con-
taining the Lazurite (blue) with small amounts of calcite, sodalite, and gold-color flecks of pyrite. It has
been prized as an ornamental stone for over 6000 years. The most valuable lapis lazuli is the uniform
dark blue stone from Badakhshan of Afghanistan. This semiprecious blue stone was, and still is, used
for jewelry, mosaics and small carvings. Lapis lazuli was also ground and purified to make natural
ultramarine blue pigments. The Egyptian blue is the earliest known multicomponent synthetic pigment
produced in ancient times in Egypt since the Fourth Dynasty of the Old Kingdom in the 34 millennium
BC, where it has been found as a pigment and formed into small objects such as amulets or beads.
Egyptian blue frit is a multicomponent material that was produced by firing a mixture of quartz, lime,
a copper compound and an alkali flux to a temperature in the range 850-1000 °C. Its principal
components are calcium-copper tetrasilicate crystals (cuprorivaite), which produce the blue color, and
partially reacted quartz particles bonded together by varying amounts of glass phase. In Mesopotamia
from about 1200 to 900 BC, the best information on artifacts of Egyptian blue comes from the
destruction debris of Hasanlu in north-west of Iran. Also, the range of Egyptian blue production in the
Achaemenid period is the best represented in the excavations at Persepolis. It must be emphasized that
“Lapis lazuli Paste” is a wrong term which is not truly exist. In this research, considering the wrong
terms which is used for nomination of the collection of blue objects; in the labels, registration records,
catalogs and etc, some scientific research was done to specify their characterization. 10 objects from
different archaeological sites including Hasanlu, Ziwiyh and Persepolis from the period of 1st
millennium BC to Achaemenid were selected for this research. These objects were in different size and
dimensions, including high jug with a variety of blue color from datk to pale blue, censer, plaque, small
head of a young prince or princess and etc. At first, all of the samples were documented and then,
structural investigation was realized by binocular microscope, to know condition and texture of their
surfaces. Scientific and analytical research was done by SEM-EDX and XRD. As a result, all of these
objects were identified as Egyptian blue. Finally, it was required to consider and overview the
classification of the group of blue objects, which was wrongly nominated as “lapis lazuli paste”, in fact,
it does not exist.

Keywords: Egyptian blue, Lapis lazuli, Structural studies, National Museum of Iran, SEM-EDX,
XRD.
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Right: magnified 200x, Left: magnification 2000x
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Fig 5: EDX spectrum of sample No.
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Table 2: EDX analysis of sample No. 1- wt %
Elements Na Mg Al Si S K Ca Cu Sn Pb
weight percent | 5.11 3.21 6.29 54.53 2.83 1.20 10.58 1.04 3.76 11.44
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Fig 7: EDX spectrum of sample No. 2
Fig 8: SEM images of sample No. 2

Right: magnified 200x, Left: magnification 2000x
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Table 3: EDX analysis of sample No. 2 - wt %

Elements Na Mg Al Si S K Ca Cu Sn Pb

weight percent 1.25 0.00 0.46 71.85 0.00 0.61 19.04 6.78 0.00 0.00

A ¥err ole)h co = plp Voo ol ol
Fig 10: SEM images of sample No. 3
Right: magnified 200x, Left: magnification 2000x

Y ojled digel EDX cido A S5
Fig 9: EDX spectrumof sample No. 3
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Table 4: EDX analysis of sample No. 3 - wt %
Elemenits Na Mg Al Si S K Ca Cu Sn Pb

weight percent

3.77 4.97 6.46 58.72 1.26 1.63 10.84 0.87 3.88 7.59
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Fig 12: SEM images of sample No. 4

Right: magnified 200x, Left: magnification 2000x
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Table 5: EDX analysis of sample No. 4 - wt %

Fig 11: EDX spectrum of sample No. 4

Elements | N2 Mg Al Si S K Ca Fe Cu Zn Sn Pb
weight percent| 5 g4 1.49 3.48 62.54 2.82 1.31 15.40 1.06 2.19 1.53 255 2.78
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Fig 14: SEM images of sample No. 5 .
Right: magnificd 200x, Left: magnification 2000x Iig 13: EDX spectrumof sample No. 5
0 0louds diges odimd JuSuls jolic | Sjg o> ~EDX 3JUT 5l Lols gl : £ ojlad Jgas
Table 6: EDX analysis of sample No. 5 - wt %
Elements | Na Mg Al Si S K Ca I'e Cu Zn Sn Pb
weight percent| 2.84 1.49 3.48 62.54 2.82 1.31 15.40 1.06 219 1.53 255 278
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Fig 15: EDX spectrum of sample No. 6

Fig 16: SEM images of sample No. 6
Right: magnified 200x, Left: magnification 2000x
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Table 7: EDXanalysis of sample No. 6 - wt %
Elements | Na Mg Al Si s K Ca I'e Cu Zn Sn Pb

weight pereent .00 0.84 1.26 42.05 0.49 0.42 19.38 2.86 29.51 0.55 1.66 0.99
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Fig 18: SEM images of sample No. 7 . - )
Fig 17: EDX spectrum of sample No. 7

Right: magnified 200x, Left: magnification 2000x
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Table 8: EDX analysis of sample No. 7 - wt %
Elements Na Mg Al Si N K Ca l'e Cu Zn Sn Pb

weight percentt 000 | 1.63 | 1.13 | 5445 | 019 | 1.06 | 1257 | 0.64 | 2697 | 043 | 092 | 0.00
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Fig 20: SEM images of sample No. 8
Right: magnified 200x, Left: magnification 2000x
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Fig 19: EDX spectrum of sample e No. 8
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Table %: EDX analysis of sample No. 8 - wt %
Na Mg Al Si S K Ca Fe Cu 7n Sn Pb

Elements

weightpercent| 135 | 092 | 445| 3959 | 286 | 501 | 2411 | 359 | 1581 | 229 000 000
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Fig 21: EDX spectrum of sample No. 9

Fig 22: SEM images of sample No. 9
Right: magnified 200x, Left: magnification 2000x
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Table 10: EDX analysis of sample No. 9 - wt %

Elements Na Mg Al Si S K Ca Fe Cu Zn Sn Pb

weight percent] (.00 4.22 1.97 55.50 0.74 3.70 745 1.53 24.12 0.77 0.00 0.00
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Fig 24: SEM images of sample No. 10 (10-1 pale blue) Fig 23: EDX spectrumof sample No.
Right: magnified 200x, Left: magnification 2000x 10 (10-1 pale blue)
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Table 10: EDX analysis of sample No. 10( 10-1 pale blue )- wt %
lements 1 Na | Mg | Al Si S K | Ca | Fe [ Cu | Zn | Sa | b

weight percend 000 | 422 [ 197 | 5550 | 074 | 370 | 745 | 153 | 2412 | 077 | 000 | 000
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Fig 26: SEM images of sample No. 10 (10-2 dark blue )
Right: magnified 200x, Left: magnification 2000x

lig 25: EDX spectrum of sample No.
10 (10-2 dark blue)
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Table 10: EDX analysis of sample No. 10 ( 10-2 dark blue )- wt %

Flements | Na | Mg | Al Si S K Ca Fe Cu | Zn | Sn | Pb

weight percent| 550 | 097 | 190 | 4869 | 063 | 080 | 1960 | 125 | 2143 | 056 | 068 | 099
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Table 13: Chemical composition three samples by XRD

Lgos 0)lesd e S5 losd Joo b
Sample code Chemical composition Chemical formula

3 Cuprorivaite,cyn CaCuSisOno
Quartz SiOx

10-1 Cuprorivaite,cyn CaCuSisOno
Pale blue Quartz SiO2

10-2 Cuprorivaite,cyn CaCuSisOno
Dark blue Quartz SiO2

= L o] aslie 9 (Na,Ca)s(AlSiO4)s(SO4,S,Cl),
3 oaalccwnd gl wisced 9 CaCuSisOp (5 puas

3j9 sLaadged 59y )= EDX 3 XRD (sl yiole|
ooled i (glatiges b ol duslio yus g 4dllas
Sran (48 Slplend oS 5 S Sl bl
lpdsgaze 5 b lolis gl )3 (S )959)
oy Y ol S5y b b BTl oag S (lejge
olye Cou Gilisie (63 )57 g (1556gS sl 3 (1)
Ored 05 g lodyd)S (Byae 3)52Y yred g 3)2Y
ol € Mo iS5l Ve 5 CSJBIS  ppglic
sl 0 0313 owosi 35 ) e 0550 BT e 55 gl
2392 Y S Cuale g Lo dog LB olis 25T L
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